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Abstract

Recently, the hybrid generation system has became significant because of
the complementary characteristics among the new and renewable energy
resources. Hybrid generation system is basically merging systems of two or
more different types of generation systems. To use the energy resources of
hybrid system more efficiently, the combination and sizing of different types
of generation systems that constitute the hybrid system are very important
because the energy cost depends on the kinds of new and renewable energy
resources. However, the combination and sizing of the hybrid system are
performed on the basis of experience and intuition, which is not attained the
optimum efficiency.

Since new and renewable energy resources have stochastic behaviour, the
major aspects in the design of the hybrid system are the cost of energy as
well as the reliable power supply of the consumer under varying atmospheric
conditions. In order to use the new and renewable energy resources more
efficiently and economically, the design of optimal combination and sizing of
hybrid system plays an important role in this respect.

This Thesis presents a simulation results for designing the combination and
sizing of hybrid generation system based on economical analysis. The
analysis aims at finding the combination and sizing of hybrid system, among
sets of system components, that meets the desired system requirements with
the lowest value of the energy cost. For this analysis, HOMER(Hybrid
Optimization Model for Electronic Renewables) is used to find optimal
economical models among various combinations and different sizing of diesel,

wind and PV generation systems with battery and grid connection system.
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Table. 1 Exhausting Substance
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Table. 2 Specifications of Wind Turbine

Model BWC Excel-S
Size 10kW AC
Manufacturer Bergey Windpower
Rated speed 12m/s
Type 3 blade upwind
Rotor diameter Tm
Hub height 30m
Lift time 20yr
15 -
i 10 4
=
£
=]
@]
o
0 T T T T T T
0 5 15 20 25

WindSpeed (m/s)

Fig. 12 Power Curve of the Wind Turbine
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Table. 3 Properties of PV Array

Properties Value
Life time(year) 20
Output current DC
Derating factor(%) 80
slope(degrees) 10
Azimuth(degrees W of S) 0
Ground reflectance(%) 20

Table. 3914 Derating factor= PV oj#|o]E HA A £HQ L=
AHEHEH, AlolE &4, 718 AH|&4 So] E3ET Slopew EH$FA 3 PV

olglol o] AALE YEFAYM Ground reflectances= AW WHAFS-S yERdIT]
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Table. 4 Specifications of Battery

Manufacturer Rolls/Surrette
Nominal capacity 1156Ah
Nominal voltage 6V

Round trip efficiency 80%
Min. state of charge 40%
Float life 12yrs
Lifetime throughput 9,645kWh
Max charge rate 1A/Ah
Max charge current 41A

Table. 4|4 Nominal capacity=

ok
o

€% Nominal voltage: 33 A<t
Round trip efficiency= DC-®lH2]-DCe] <& & & Min. Sate of Charge:
FHAFELH(SOC), Float life= wigz Al A7px|e] 49, Lifetime
throughput= #1828l A A71A] A}8&& 4 9l &% Max charge ratew=
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A& 3k}

124 AWy 2dd

AW H = JAHEHDC-AC)S AF71(AC-DC)7F o] x3H

=

E‘l‘
ot
>,
[
juii)
o

_21_

Collection @ jeju



O AlEe w2 Ad9siA] gom HlE3 3&, 71, §FS HEsded

il
HE S AFH7Ie E& 5%, FHS 169, &3S 50kWHE 500kW7HA H ¢

(e
n
=2
o)
rO
S
o
>
o
]
["O
o
flo
[00]
X
[
fru
)
|m
N
Fi
flo
o)
(@)
rT’
|o
fru
=2
)
Ol
ol

2
e
—
9

Table. 5 Costs of Components

Components Capital cost($) | Replacement cost($) | O&M cost($/yr)
Wind turbine 26,000 20,000 100
PV(1kw) 7,000 6,000 20
Battery 1,250 1,110 20
Converter(1kw) 800 750 20

Table. 6 Optimal Combinations

Wind Turbine PV array Battery Converter

(Quantity) (kW) (Quantity) (kW)
1 2 20 30 50
2 4 40 60 100
3 6 60 90 150
4 8 80 120 200
5 10 100 150 250
6 12 120 180 300
7 14 140 210 350
8 16 160 240 400
9 18 180 270 450
10 20 200 300 500
11 22 220 330

—_ 22 —_
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12 24 240 360
13 26 260 390
14 28 280 420
15 30 300 450
16 32 320 480
17 34 340 010
18 36 360 240
19 38 380 570
20 40 400 600
21 42 420 630
22 44 440 660
23 46 460 690
24 48 480 720
25 o0 500 750
26 o2 520 780
27 o4 240 310
28 o6 960 340
29 o8 530 870
30 60 600 900
31 62 620
32 64 640
33 66 660
34 68 630
35 70 700
36 72 720
37 74 740
38 76 760
39 78 780
40 30 300
41 32 820
42 34 340
43 36 360
44 38 380
45 90 900
46 92 920
47 94 940
48 96 960
49 98 930
o0 100 1000
— 23 —
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Table. 7 Cost of Diesel System according to the Load

Capacity | Net Present | Levelized Cost of | Operating Cost
Componets
kW) Cost($) Energy($/kWh) ($/yr)
Normal load 4,653,503 0.499 427,503
Residential load 350 5,793,573 0.386 534,304
Industrial load 6,196,136 0.364 527,015

Table. 79 tlAMAA~glo] 2507 &= AW -2 UWHE 46535035, 9§
5,793,573%, AF € 6,196,136%¢1t}. 17t A= Aan e Aukg 463,797 2 E, T4
| 597,280 #H, AFdE 644,428 2EI7F AB[EAT. A B gl e dE
A2 Table. 814 YERALL.
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Table. 8 Emission according to the Load

Normal Load Residential Load Industrial Load
Pollutant Emission(kg/yr) Emission(kg/yr) Emission(kg/yr)
Carbon dioxide 1,221,330 1,572,857 1,696,991
Carbon monoxide 3,015 3,882 4,189
unburned
334 430 464
hydrocarbons
Particulate matter 227 293 316
Sulfur dioxide 2,453 3,159 3,408
Nitrogen oxides 26,900 34,643 37,377

Fig. 149
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Wind turbine
5%

Fig. 14 Optimal Result of a Hybrid System(Normal Load)

rlo

Jukg Rslo] £ HAAH| RS 7809,658p, THTIIH LS 0.8385, H] &
148917%°]1 ™, Table. 9o }eE}F AT}

Table. 9 Costs of Optimal Hybrid System(Normal Load)

Capacity | Net Present | [evelized Cost of | Operating
Components
(kW) Cost($) | Energy(5/kWh) | Cost($/yr)
PV 380
Wind turbine 600
Battery 9,993.6 7,809,658 0.838 148,917
Converter 250
Etc 0

s 2 T 5%, HEF 5%, AWE 2%, wE 2|7} 88%E
A e Aoz YeEla gloerw H&& Fig. 1591 e Aot
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Fig. 15 Optimal Result of a Hybrid System(Residential Load)

Table. 102 F8& F3l9 A& HoTH & AAH LS 11,265552$, &
G782 07516, +9H &2 119,681$= UERSE
Table. 10 Costs of Optimal Hybrid System(Residential Load)
Capacity | Net Present | Levelized Cost of Operating
Components
(kW) Cost($) Energy($/kWh) Cost($/yr)
PV 680
Wind turbine 740
Battery 12,492 11,265,552 0.751 119,681
Converter 250
Etc 0
_ 27 _
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Converter
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Fig. 16 Optimal Result of a Hybrid System(Industrial Load)

E]

}_

Y

Fig. 162 2489 A$ H4 &35S veldy, $9 7%, B3 5%, AH
e F
3

Lo

ol

2%, W g7t 86%E AAste AS= e vk Table. 112 4l
o Ans HoFm & AAMES 12,750,214%, A E7HH] &2 0.749%, &

&2 21473292 Y ERS

Table. 11 Costs of Optimal Hybrid System(Industrial Load)

Capacity | Net Present | Levelized Cost of Operating
Components
(kW) Cost($) Energy($/kWh) Cost($/yr)
PV 780
Wind turbine 980
Battery 12,492 12,750,214 0.749 214,732
Converter 250
etc 0
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Table.

129} 2ot

Table. 12 Results of Sensitivity Analysis for the PV Array(Residential Load)

0.8(5600, 4800) | 0.7(4900, 4200) | 0.5(3500, 3000)
Components | Capacity (kW) Capacity (kW) | Capacity(kW)
PV 630 740 740
Wind turbine 740 660 660
Battery 12,492 12,075.6 12,075.6
Converter 250 250 250
Etc 0 0 0
Alz"l S5 AT 089 w7l 0.7¥ 05K Y T8I wigg &3Fo] Ak
077 0521 5= A" &3 A YEy:
4,000,000

H|E(5)

3,500,000 |

3,000,000

2,500,000 +

2,000,000 +

1,500,000 +

1,000,000

500,000

PV Array

Wind turbine

Battery

Converter

Other

Fig. 20 Net Present Cost of Components by Sensitivity Analysis
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Table. 13 Cost of the Optimal Hybrid System(Normal Load)

Capacity | Net Present | Levelized Cost of Operating
Components
(kW) Cost($) Energy($/kWh) Cost($/yr)
PV 20
Wind turbine 30
Battery 416.4 1,608,242 0.171 107,285
Converter 50
Gird 300

Fig. 22+ <«

§o] AT A

Fig. 22 Net Present Cost at Connection to Grid(Normal Load)
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Fig. 23 Power Transaction at Connection to Grid(normal Load)
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Table. 14 The Monthly Power Transaction(Normal Load)

Collection @ jeju

Energy Energy Net Peak Energy Demand
Month | pyrehased Sold Purchases | Demand Charge Charge
(kWh) (kWh) (kWh) (kW) (%) (%)
Jan 58,562 766 57,797 203 6,373 0
Feb 51,274 290 50,985 225 5614 0
Mar 64,006 305 63,701 211 7,278 1,049
Apr 48142 962 47,180 192 5,409 946
May 43,063 1,150 41913 164 5,427 2,129
Jun 47,462 655 46,806 180 6,095 2,329
Jul 65,939 676 65,262 249 8,582 3,163
Aug 69,953 105 69,848 254 9,211 3,268
Sep 68,010 8 68,002 243 8,957 3,074
Oct 50,111 40 50,071 178 5703 827
Nov 45919 434 45,485 178 5,187 712
Dec 57,262 441 56,821 243 6,259 0
Annual 669,703 5,832 663,871 254 80,095 17,496




Table. 1494 += A8 A Z3E HoFt}. Energy Purchasede= Al§o =4
Bl 73t e 2ol Energy SoldE A2 2HE #wjdt des nojFEth o
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Table. 15 Cost of the Optimal Hybrid System(Residential Load)

Capacity | Net Present | Levelized Cost of | Operating
Components
(kW) Cost($) Energy($/kWh) Cost($/yr)
1% 20
Wind turbine 60
Battery 416.4 2,248,318 0.150 172,118
Converter 50
Grid 300
Converter
3%

p 23

Wind turbine
8%

77%

Fig 24 Net Present Cost at Connection to Grid(Residential Load)
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Wind turbines
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88%

Hg. 25 Power Transaction at Connection to Grid(Residential Load)

Table. 16 The Monthly Power Transaction(Residential Load)

Energy Energy Net Peak Energy Demand
Month | pyrehased Sold Purchases | Demand Charge Charge
(kWh) (kWh) (kWh) (kW) (%) (%)
Jan 109,047 0 109,047 262 11,995 0
Feb 94,961 0 94,961 260 10,446 0
Mar 116,444 0 116,444 261 13,170 1,040
Apr 100,943 0 100,943 266 11,411 969
May 95,024 0 95,024 246 11,871 2,441
Jun 101,271 0 101,271 277 12,712 2,751
Jul 100,662 0 100,662 269 12,760 2,629
Aug 109,390 0 109,390 285 13,885 2,755
Sep 102,032 0 102,032 254 12,957 2,744
Oct 105,413 0 105,413 259 11,901 938
Nov 95,904 0 95,904 246 10,822 886
Dec 108,486 0 108,486 289 11,933 0
Annual 1,239,575 0 1,239,575 289 145,864 17,153
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Table. 164 =

A8 Ad A3}g welFth Fdg vaed u A o A
o2 1,239575kWhelt). (Hkg Falel ] A= dufshx] &kt
233 A48 F3t
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A2 #AT & AUk AxY §3 ¢ AAE, VARG, S EL
Table. 173} 7t}
Table. 17 Cost of the Optimal Hybrid System(Industrial Load)
Capacity | Net Present | [evelized Cost of Operating
Components
(kW) Cost($) Energy ($/kWh) Cost($/yr)
PV 20
Wind turbine 20
Battery 416.4 2,191,663 0.129 176,553
Converter 50
Grid 300
Fig. 26 289 < AN &S %2 HolFH, APE&L AF o7 RE
go] AteE AE & F AUrh
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Fig. 27 Power Transaction at Connection to Grid(Industrial Load)
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Table. 18 The Monthly Power Transaction(Industrial Load)

Energy Energy Net Peak Energy Demand
Month | pyrehased Sold Purchases Demand Charge Charge
(kWh) (kWh) (kWh) (kW) %) %)
Jan 125,794 0 125,794 256 11,321 0
Feb 109,075 0 109,075 258 9,817 0
Mar 133,068 0 133,068 258 12,465 1,288
Apr 129,339 0 129,339 275 12,099 1,376
May 125,148 0 125,148 237 12,738 3,066
Jun 130,654 0 130,654 289 13,319 3,696
Jul 124,723 0 124,723 273 12,728 3,330
Aug 136,160 0 136,160 290 13,907 3,682
Sep 124,326 0 124,326 260 12,695 3,373
Oct 133,562 0 133,562 254 12,498 1,272
Nov 122,079 0 122,079 238 11,419 1,190
Dec 126,222 0 126,222 288 11,360 0
Annual 1,520,149 0 1,520,149 290 146,365 22,274

g kel Tablel8e] €W AHAY d&ol= FH &3 vz R dH

RE A Al A vl e e 1,520,149k Whel o

Table. 19 Emission at Connection to Grid

Normal Load Residential Load | Industrial Load
Pollutant Emission(kg/yr) Emission(kg/yr) | Emission(kg/yr)
Carbon dioxide 419,566 783,411 960,734
Carbon monoxide 0 0 0
Unburned
0 0 0
hydrocarbons
Particulate matter 0 0 0
Sulfur dioxide 1,819 3,396 4,165
Nitrogen oxides 890 1,661 2,037
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