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POWER PLANT /OPTIMIZATION/ BIOMASS /PARTICLE SWARM

OPTIMIZATION

The thesis presents a simulation model biomass power plant to be installed and
locate the appropriate for the power system 30-bus 39 bus and 69 bus. The
installations of power plants in the different bus. Will affect the power loss of the
system significantly. Therefore, finding an optimal location for the installation of a
biomass power plant is necessary to rely on the system model. The operates a host of
other materials keeping in mind the potential for biomass power plant to produce
electricity. Solving of such problems, the method of Newton - Raphson calculation.
So, search optimal location for the installation of a biomass power plant is necessary
to rely on the system model. Techniques to determine the most appropriate use of
artificial intelligence is particle swarm optimization: PSO. The operates test cases
used in all 120 cases. The results of the test shows locate the installation of biomass

power plants are most optimal.
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Illustration of 2 MWe biomass power plant
featuring a GE Jenbacher engine /

3 1/#1 2.2 Biomass gasifier

(A http://www.ecofriendlymag.com )
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FITNEN ﬂuwyﬁemmﬂaeumxmaxﬁvuﬂﬂ"lmmﬂuwet’J U ﬂfjﬂﬂ‘ﬂuuﬂﬂﬁf

U

A A = = [ Jd a
A1TNN 2.9 ﬂﬂ!ﬁiJ‘Uﬂ1’11QLﬂ11GUfJQGIf’JiJ’JaLLUULLﬂﬁ%qWLﬂﬂillﬂaZ%uﬂ

(ﬁm: http://www.efe.or.th)

9 Y Y 9
unay RNEAN F1Uo0Y GIJJ’E)’E)EJ hliJfJN‘W”IﬁT
% Moisture 12.00 10.00 50.73 9.20 45.00
% Ash 12.65 10.39 1.43 6.10 1.60
% Volatile matter 56.46 60.70 41.98 67.80 45.70
% Fixed carbon 18.88 18.90 5.86 16.90 7.71
% Carbon 37.48 38.17 21.33 41.60 25.58
% Hydrogen 441 5.02 3.06 5.08 3.19
% Oxygen 33.27 35.28 23.29 37.42 24.48
% Nitrogen 0.17 0.58 0.12 0.40 0.14
% Sulfur 0.04 0.09 0.03 0.17 0.02
% Chlorine 0.09 . - 0.01 0.01
% Moisture 12.00 10.00 50.73 9.20 45.00
Higher heating value
14,755 13,650 9,243 16,794 10,365
kJ/kg
Lower heating value
13,517 12,330 7,368 15,479 8,600
kJ/kg




A oA = = [ Jd a 1
A1TNN 2.9 ﬂﬂ!ﬁiJ‘Uﬂ1’11QLﬂ11GUfJQGIf’JiJ’JaLLUULLﬂﬁ%qWLﬂﬂﬁlmaZ%uﬂ (919)

(17]111: http://www.efe.or.th)
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lothay | nvanhay | neanethdy | érduthdy | methdu
% Moisture 38.50 12.00 58.60 48.40 78.40
% Ash 4.42 3.52 2.03 1.20 0.70
% Volatile matter 42.68 68.20 30.46 38.70 16.30
% Fixed carbon 14.39 16.30 8.90 11.70 4.60
% Carbon 30.82 44.44 21.15 23.90 10.13
% Hydrogen 3.74 5.01 2.56 3.04 1.25
% Oxygen 21.61 34.70 15.34 2291 9.44
% Nitrogen 0.84 0.28 0.27 0.56 0.07
% Sulfur 0.08 0.02 0.04 0.06 0.02
% Chlorine 0.11 0.02 0.16 - 0.12
% Moisture 38.50 12.00 58.60 48.40 78.40
Higher heating value
13,127 18,267 9,196 9,370 3,908
kJ/kg
Lower heating value
11,400 16,900 7,240 7,556 1,760
kJ/kg




A oA = = [ Jd a 1
A1TNN 2.9 ﬂﬂ!ﬁiJ‘Uﬂ1’11QLﬂ11GUfJQGIf’JiJ’JaLLUULLﬂﬁ%qWLﬂﬂﬁlmaZ%uﬂ (919)

(17]111: http://www.efe.or.th)
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Fanina | Sdudnine [ mdniudulzuas | uldenlifgm
% Moisture 40.00 41.70 59.40 60.00
% Ash 0.90 3.70 1.50 2.44
% Volatile matter 45.42 46.46 31.00 28.00
% Fixed carbon 13.68 8.14 8.10 9.56
% Carbon 28.19 8.14 18.76 18.60
% Hydrogen 3.36 4.06 2.48 2.12
% Oxygen 27.42 22.47 17.50 16.68
% Nitrogen 0.12 0.13 0.32 0.15
% Sulfur 0.03 - 0.04 0.02
% Chlorine 0.05 - 0.05 0.10
% Moisture 40.00 41.70 59.40 60.00
Higher heating value
11,298 11,704 7,451 6,811
kJ/kg
Lower heating value
9,615 9,830 5,494 4917

kl/kg

2.6.2 Biogas technology
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THREE WINDING TRANSFORMER EQUIVALENTS
HANCOCK ROANOKE

1 55t GLEN LYN
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(© GENERATORS
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CONDENSORS
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31U 4.1 szuunaaey 30 1d @1WNIAIFIY IEEE
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From o Line Impedance Half Line
Bus Bus Resistance (R) Resistance (X) Charging
(pw) (pu) Susceptance (B)
(p.u.)
1 2 0.0192 0.0575 0.0264
1 3 0.0452 0.1652 0.0204
2 4 0.0570 0.1737 0.0184
3 4 0.0132 0.0379 0.0042
2 5 0.0472 0.1983 0.0209
2 6 0.0581 0.1763 0.0187
4 6 0.0119 0.0414 0.0045
5 7 0.0460 0.1160 0.0102
6 7 0.0267 0.0820 0.0085
6 8 0.0120 0.0420 0.0045
6 9 0 0.2080 0
6 10 0 0.5560 0
9 11 0 0.2080 0
9 10 0 0.1100 0
4 12 0 0.2560 0
12 13 0 0.1400 0
12 14 0.1231 0.2559 0
12 15 0.0662 0.1304 0
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Line Impedance Half Line
From To Charging
Bus Bus Resistance (R) Resistance (X) Susceptance (B)
(p.u.) (p.u.)

(p.u.)
12 16 0.0945 0.1987 0
14 15 0.2210 0.1997 0
16 17 0.0524 0.1923 0
15 18 0.1073 0.2185 0
18 19 0.0639 0.1292 0
19 20 0.0340 0.0680 0
10 20 0.0936 0.2090 0
10 17 0.0324 0.0845 0
10 21 0.0348 0.0749 0
10 21 0.0727 0.1499 0
21 22 0.0116 0.0236 0
15 23 0.1000 0.2020 0
22 24 0.1150 0.1790 0
23 24 0.1320 0.2700 0
24 25 0.1885 0.3292 0
25 26 0.2544 0.3800 0
25 27 0.1093 0.2087 0
28 27 0 0.3960 0
27 29 0.2198 0.4153 0
27 30 0.3202 0.6027 0
29 30 0.2399 0.4533 0
8 28 0.0636 0.2000 0.0214
6 28 0.0169 0.0599 0.0065
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Reactive
Load Power
Bus Limits
No. Real Reactive Q min Q max
Power Power (p.w) (p.u)
(p.u.) (p.u.)
1 0.000 0.000 - -
2 0.217 0.127 -0.2 0.6
3 0.024 0.012 - -
4 0.076 0.016 - -
5 0.942 0.19 -0.15 0.625
6 0.000 0.000 - -
7 0.228 0.109 - -
8 0.3 0.3 -0.15 0.50
9 0.000 0.000 - -
10 0.058 0.02 - -
11 0.000 0.000 -0.10 0.40
12 0.112 0.075 - -
13 0.000 0.000 -0.15 0.45
14 0.062 0.016 - -
15 0.082 0.025 - -
16 0.035 0.018 - -
17 0.09 0.058 - -
18 0.032 0.009 - -
19 0.095 0.034 - -
20 0.022 0.007 - -
21 0.175 0.112 - -
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Reactive
Load Power
Bus Limits
No. Real Reactive Q min Q max
Power Power (p.u.) (p.u.)
(p.u.) (p-u.)
22 0.000 0.000 - )
23 0.032 0.016 - )
24 0.087 0.067 - )
25 0.000 0.000 - ]
26 0.035 0.023 - )
27 0.000 0.000 - ]
28 0.000 0.000 - )
29 0.024 0.009 - )
30 0.106 0.019 - )

v 9
M9 4.3 13w mydsuasmmitoutlas lWihaesszuy IEEE 30 1a

From To Tap Setting
Bus Bus Value (p.u.)
6 9 0.978
6 10 0.969
4 12 0.932
28 27 0.968
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M13199 4.4 WaMIMUIUMANNUTYFEVDIIT VY [EEE 30 el

Faiinnag MAvug Yy faiinnas Generator | Mdssugyde
Generator MW VUIA 40 MW MW
YUIR 40 MW

1 16.6487 16 14.037
2 14.172 17 13.281
3 13.051 18 13.744
4 12.681 19 13.443
5 12.681 20 13.449
6 12.240 21 12.961
7 12.055 22 13.038
8 12.030 23 13.982
9 12.290 24 13.355
10 12.291 25 13.905
11 12.182 26 18.299
12 13.113 27 13.096
13 12.916 28 12312
14 15.312 29 14.961
15 13.252 30 14.729
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Y L4

83 5 wulenzanzaealau 8 70 7.4775

84 5 mdniudilzngs 8 70 74775

85 3 #3111 Tne 28 70 10.0243
9 o

86 4 Lﬁuiﬂﬂﬁﬁﬂﬂgﬁﬁl‘lhall 11 70 9.6504
9 o

87 5 Lﬁuiﬂﬂﬁﬁﬂﬂgﬁlﬂﬂ?au 8 70 7.4775

88 5 mdnfudilengs 8 70 74775

89 4 312 Tne 11 70 9.6504

90 5 Fa912 Tna 8 70 74775

91 3 mdniudilzngs 28 70 10.0243

92 4 mdnfudilengs 11 70 9.6504

93 5 mdnfudilengs 8 70 74775

94 5 #3112 Tna 8 70 74775
9 o

95 5 LﬁunlﬂﬂgﬁTVI%ﬁ']ﬂ‘}hall 8 70 7.4775

96 4 a1 Tna 11 70 9.6504

97 5 #3917 Tna 8 70 74775

98 5 mdiudlzvas 8 70 7.4775
9 J

99 5 wWulenzamzateiay 8 70 7.4775

100 3 #3112 Tna 28 70 10.0243
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9 o

101 4 wulenzamzatealay 11 70 9.6504
Y L4

102 5 wulenzamzarealau 8 70 7.4775

103 4 912 Tne 11 70 9.6504

104 5 912 Tne 8 70 74775

105 5 mdnfudilengs 8 70 74775
9 o

106 4 wulenzamzatelay 11 70 9.6504
9 o

107 5 wulenzamzatslay 8 70 7.4775

108 4 mdnfudilengs 11 70 9.6504

109 5 mdniudilzngs 8 70 7.4775

110 5 Fa912 Tna 8 70 74775

111 4 minfudlenas 11 70 9.6504

112 5 mdnfudilengs 8 70 74775

113 5 #3111 Tne 8 70 74775
F)) o

114 5 wulenzamzarelhay 8 70 7.4775

115 3 mdnfudilengs 28 70 10.0243

116 4 #3911 Tna 11 70 9.6504

117 5 #3917 Tna 8 70 74775
9 o

118 5 wdulenzamzateiay 8 70 7.4775

119 4 miiudlzvas 11 70 9.6504

120 5 mdnfudilzngs 8 70 74775




69

VINWANIINATOUAINITINN 4.6 HANITHINAINU Y TIVITE VY IEEE 30 1
Y o w 4 o Aa o a g’l <
nduszuums lvavesmad Wi weduiiumssasimsaaadlsaliihduia uaaslimiu
A o ) dy A [ a 1 ,&’ ~ ° T A 3’, Y A o Y
Midferiimsmvuaiuiveingaulunaaziuiuazmdumuaanlse ihduaiila
o o = :7 d' 1 a zgzl.l Y A d' [} 1 d‘
Mmasugydevosszuusinga wu nmsaaaslseIWihdwaantianis 9 91na15199 4.5
Y

Y v )
MUUTIAINUNLALIAAVUUIZVUNATDY 30 Ua A1uNIAI g1 IEEE t011n15aaaa

L=\

9y [
Tsall#hFu9a) vz wud dwmdeimunzaudmioaaaslsdlaihdauaase lu'ldegn
) 1 o 1 é 3’, dydg@l [ I 1 o Y = (% (% A Y a
auvialadumianile fstiuegnumimas IWfhgadevesszunuaziledondn Ao Jaga

u

a4 9 Falima Taeasanadnemnlumsnan liihveaTs e lWihauoa
U
4.3 sUuunaaautazNan1Inaaal IEEE 39 Ua
1 o w = dy A A a 2 Y
nadoumImIAIMasnuguds tazmiuinmnzanlumsaaalsa IWihduaa
@ X I 4 o A o w @ {
Taeldszuunaaeuvuia 39 ¥a Fuiluszumnsesduiamas i uaasdagili 43 szuu
@ X I @ 1%

nadoU 39 Udaa1uNInTg U IEEEFuiluszuunadouvuin 391d lasliszau
useau 11 kv AsmmdaIihgiu 100 kvA Taglumsnagou azduiiunissiaeany Tseluih
= o 1w A o o w a Aa & A o A Y A
Faraluduriaiaas q merhnnageumaigydevesszuunaaaunsonuiia Ivlihn

VA o

|
® @ i @
ars |
|
w@ w | i«w — e r— | Tzﬂ
sl

> <24
1 |
) [T —
bmmme LY J
PG | oo an
I
a } <15 l | e
|
o0 <4)T | «“4» l
! -
B o e i B o
_ & .
® RE
& 12:
} 19 :z:nT
|
75 \/
|
13> \Y ¥
| |20 A
@ 11> } - e
\ G7
G <103 } _if‘3ﬂ> - \)
9 . |
@) Vel @ ©
| <Bus #>
|
|

A o A o a g’; Y A
g‘ﬂ‘VI 4.3 52UUnAael 39 Ud ANuInI3 U IEEE LiJi’JVHﬂTi@]ﬂGNIinlW‘I/\I”IGU’J%JTJa



70

v
U a =

P4 éj d'dys} a A o =
’J@]ﬂﬂﬂﬂi%iuWHﬂuﬂN@ﬁ%Wﬂ M13°19N 3.1 ﬂﬁzmmmzﬁﬂamwmmaiu
U

=D.

aQ

ke

d' d' v d' (% 3’; =
Uszmalne luufin 1vzasounquiiaf 1,2, 3,4, 18, 25 49U U9
o Yo A d < g4 a & g
svualdian 1, 2,3, 4, 18, 25 Tanudlu'ld lanszandalsa Wi Fuaa
el lumssuamas ihgadevesszuy

' '
a A

o 9 g == a ~ [ ~
Janaunlslununiidnavanin a15199 3.1 Usznnuazdneninasiuialu

a

=h.
[\

dszmalne lunuii 2 9zasounquiiaf 17, 24, 26, 27, 28, 29 AIUUTY
Mvualiiian 17, 24, 26, 27, 28, 29 Hanudluli 1dnseAaaaTsa s

%’;mau,ﬁ’ai%”lumiﬁmamﬁﬁa"lﬂﬂwﬁm%wawzuu

Y v

[ a A 9 dy d‘dysl a A [ =
Tagaun g lununiioedenin a15199 3.1 Ysznnuazdnenindiuialu

q

=D.
(98]

Y 1
A =

v ' Y
Yszmelne luiunn 3vzasouaguiiai 14, 15, 16, 21, 22 AU U
v H 9
Mrualdaian 14, 15, 16, 21, 22 Tanudluly 1dnezfaaalsd i sm0a

o ldlumsmunumaslWihgapdevesszuy

Y v
A =

[ a d‘ 9 dyy a d' [ =)
ﬂﬁQﬂUﬂGlGHGLHWHVIMEJWQ@Qﬁ]Wﬂ A1519% 3.1 Ysznnuazdngninsiuialu

=
=)
N

9
A S

Uszma Ing luinuni 4 azasounquiiai 5,6, 7,8, 9, 10, 11, 12, 13 AaUUT

Y
a 2

fvualdaian 5.6 7,89, 10, 11, 12, 13 5a1udu 11U 1dnzfaa

TsaIih@na e ldlumsdnuias ihgadevesszuy

Y] a d‘ 9 dy d'dysl a ~ [ =
190 UN ¥ U NUNUD1999910 A15199 3.1 UszanuazAnenInaIulalu

Q

=h.
(9]

dy d‘d‘ % d’ [ g’.} = o Y o d‘
UszmetIne Tuiudf 5 szasounquiiad 19, 20, 23 Auiudedmualdian
19,20, 23 Hanwdluly1dnezaaaaTs Wi 30 e ldlunisdruam
mas ihgadevesszuuy
o % % d' = a g’; d‘ o a 9
g suaian [30, 32, 33, 34, 35, 36, 36, 37, 38, 39] Un1sAAAUAT IR e TvHn

] 9 Y
agua B9z lunasanmsaaas s IWihdmwnaludumiaimmanil



71

43.1  WNmesvesszuy IEEE 39 va
A a 2 g v Ag A
svvunnnsanluunidlussuuuinsgiu BEE 39 v MlluszuunTeq
[ a o . 1 a d 1 v a 4 1 o o
Autiamiaa l9ih Faliamsimesana q dalszneudie malmes vesaedasaa lnil
a 4 o w @ 1 a 14 [ g’/
mimeivednaamaa I luteaae q vazmniwesvesnsdSuaanonaali

[ A =2 o 2 dy
ANATTINN 4.7 D4 4.9 @11y A

M9 4.7 Mees aedanas I ueaszuy IEEE 39 1d

(M http://psdyn.ece.wisc.edu/IEEE benchmarks/)

o o Line Impedance Half Line
Bus Bus Resistance (R) Resistance (X) Chareing
Susceptance (B)
(p.u.) (p.u.)
(p.u)
1 2 0.0035 0.0411 0.6987
1 39 0.0010 0.0250 0.7500
2 3 0.0013 0.0151 0.2572
2 25 0.0070 0.0086 0.1460
3 4 0.0013 0.0213 0.2214
3 18 0.0011 0.0133 0.2138
4 5 0.0008 0.0128 0.1342
4 14 0.0008 0.0129 0.1382
5 6 0.0002 0.0026 0.0434
5 8 0.0008 0.0112 0.1476
6 7 0.0006 0.0092 0.1130
6 11 0.0007 0.0082 0.1389
7 8 0.0004 0.0046 0.0780
8 9 0.0023 0.0363 0.3804




~ a 4 1 o w 9, o 1
13190 4.7 WTD'HJW]EJ'D'ﬁ?ﬂﬁ\iﬂ?ﬁ\ilMWﬂJﬂﬁzU‘U IEEE 39 Ue (919)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)
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Line Impedance

From To Half Line
Bus Bus Resistance (R) Resistance (X) Choreine
Susceptance (B)
(p.u.) (p.u.)
(p.u.)
9 39 0.0010 0.0250 1.2000
10 11 0.0004 0.0043 0.0729
10 13 0.0004 0.0043 0.0729
13 14 0.0009 0.0101 0.1723
14 15 0.0018 0.0217 0.3660
15 16 0.0009 0.0094 0.1710
16 17 0.0007 0.0089 0.1342
16 19 0.0016 0.0195 0.3040
16 21 0.0008 0.0135 0.2548
16 24 0.0003 0.0059 0.0680
17 18 0.0007 0.0082 0.1319
17 27 0.0013 0.0173 0.3216
21 22 0.0008 0.0140 0.2565
22 23 0.0006 0.0096 0.1846
23 24 0.0022 0.0350 0.3610
25 26 0.0032 0.0323 0.5130
26 27 0.0014 0.0147 0.2396
26 28 0.0043 0.0474 0.7802
26 29 0.0057 0.0625 1.0290
28 29 0.0014 0.0151 0.2490
12 11 0.0016 0.0435 0.0000
12 13 0.0016 0.0435 0.0000
6 31 0.0000 0.0250 0.0000
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From o Line Impedance Half Line
Bus Bus Resistance (R) Resistance (X) Charging
(pw) (pu) Susceptance (B)
(p.u.)
10 32 0.0000 0.0200 0.0000
19 33 0.0007 0.0142 0.0000
20 34 0.0009 0.0180 0.0000
22 35 0.0143 0.0143 0.0000
23 36 0.0272 0.0272 0.0000
25 37 0.0232 0.0232 0.0000
2 30 0.0181 0.0181 0.0000
29 38 0.0156 0.0156 0.0000
19 20 0.0138 0.0138 0.0000
a13197 4.8 Windime$ Tnaadds Wflhwesszuy [EEE 39 17
(‘ﬁiﬂ http://psdyn.ece.wisc.eduw/IEEE_benchmarks/)
Load
Bus Type Voltage Real Reactive
[PU] Power Power
(p.u.) (p.u.)
1 PQ - 0.0 0.0
2 PQ - 0.0 0.0
3 PQ - 322.0 2.4
4 PQ - 500.0 184.0
5 PQ - 0.0 0.0
6 PQ - 0.0 0.0
7 PQ - 233.8 84.0
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Load
Bus Type Voltage Real Real
[PU] Power Power
(p.u.) (p.u.)
8 PQ - 522.0 176.0
9 PQ - 0.0 0.0
10 PQ 1 0.0 0.0
11 PQ 2 0.0 0.0
12 PQ - 7.5 88.0
13 PQ 3 0.0 0.0
14 PQ = 0.0 0.0
15 PQ = 320.0 153.0
16 PQ - 329.0 323
17 PQ ] 0.0 0.0
18 PQ = 158.0 30.0
19 PQ = 0.0 0.0
20 PQ - 628.0 103.0
21 PQ - 274.0 115.0
22 PQ - 0.0 0.0
23 PQ - 247.5 84.6
24 PQ - 308.6 -92.0
25 PQ - 224.0 47.2
26 PQ - 139.0 17.0
27 PQ - 281.0 75.5
28 PQ - 206.0 27.6
29 PQ - 283.5 26.9




M13199 4.8 W19 03 IaamadWihuessz v IEEE 39 1 (419)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)
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Bus Type Voltage Load
[PU] MW MVar
30 PQ 1.0475 0.0 0.0
31 PQ 0.9820 9.2 4.6
32 PQ 0.9831 0.0 0.0
33 PQ 0.9972 0.0 0.0
34 PQ 1.0123 0.0 0.0
35 PQ 1.0493 0.0 0.0
36 PQ 1.0635 0.0 0.0
37 PQ 1.0278 0.0 0.0
38 PQ 1.0265 0.0 0.0
39 PQ 1.0300 11040.0 250.0
3190 4.9 MiimedmsUSusaeraIihvesszuy IEEE 39 1
(ﬁm http://psdyn.ece.wisc.edw/IEEE benchmarks/)
From To Transformer Tap
Magnitude Angle
Bus Bus

1 2 0.000 0.00

1 39 0.000 0.00

2 3 0.000 0.00

2 25 0.000 0.00

3 4 0.000 0.00

3 18 0.000 0.00

4 5 0.000 0.00
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From To Transformer Tap
Magnitude Angle
Bus Bus

4 14 0.000 0.00
3 6 0.000 0.00
> 8 0.000 0.00
6 7 0.000 0.00
6 11 0.000 0.00
7 8 0.000 0.00
8 9 0.000 0.00
9 39 0.000 0.00
10 11 0.000 0.00
10 13 0.000 0.00
13 14 0.000 0.00
14 15 0.000 0.00
15 16 0.000 0.00
16 17 0.000 0.00
16 19 0.000 0.00
16 21 0.000 0.00
16 24 0.000 0.00
17 18 0.000 0.00
17 27 0.000 0.00
21 22 0.000 0.00
22 23 0.000 0.00
23 24 0.000 0.00
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From To Transformer Tap
Magnitude Angle
Bus Bus
25 26 0.000 0.00
26 27 0.000 0.00
26 28 0.000 0.00
26 29 0.000 0.00
28 29 0.000 0.00
12 1 1.006 0.00
12 13 1.006 0.00
6 31 1.070 0.00
10 32 1.070 0.00
19 33 1.070 0.00
20 34 1.009 0.00
22 35 1.025 0.00
23 36 1.000 0.00
25 37 1.025 0.00
2 30 1.025 0.00
29 38 1.025 0.00
19 20 1.060 0.00
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M99 4.12 M3 medamasWilvesszuy IEEE 69 1a

(M http://psdyn.ece.wisc.edu/IEEE benchmarks/)

Line Impedance

Branch Sending Receiving
Number Endjus Resistance (R) Resistance (X)
End Bus (o) (o)
1 1 2 0.0005 0.0012
2 2 3 0.0005 0.0012
3 3 4 0.0015 0.0036
4 4 5 0.0251 0.0294
5 5 6 0.3660 0.1864
6 6 7 0.3811 0.1941
7 7 8 0.0922 0.0470
8 8 9 0.0493 0.0251
9 9 10 0.8190 0.2707
10 10 11 0.1872 0.0619
11 11 2 0.7114 0.2351
12 12 13 1.0300 0.3400
13 13 14 1.0440 0.3450
14 14 15 1.0580 0.3496
15 15 16 0.1966 0.0650
16 16 17 0.3744 0.1238
17 17 18 0.0047 0.0016
18 18 19 0.3276 0.1083
19 19 20 0.2106 0.0690




A a 4 1 o w 9, o 1
M1319N 4.12 WTD'HJW]EJ'D'ﬁ?ﬂﬁ\iﬂ?ﬁ\ilMWﬂJﬂﬁzU‘U IEEE 69 U (919)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)

Line Impedance

Branch Sending Receiving
Number End Bus Resistance (R) Resistance (X)
End Bus () ()
20 20 21 0.3416 0.1129
21 21 22 0.0140 0.0046
22 22 23 0.1591 0.1145
23 23 24 0.3463 0.1145
24 24 25 0.7488 0.2475
25 25 26 0.3089 0.1021
26 26 27 0.1732 0.0572
27 3 28 0.0044 0.0108
28 28 29 0.0640 0.1565
29 29 30 0.3978 0.1315
30 30 31 0.0702 0.0232
31 31 32 0.3510 0.1160
32 32 33 0.8390 0.2816
33 33 34 1.7080 0.5646
34 34 35 1.4740 0.4873
35 3 36 0.0044 0.0108
36 36 37 0.0640 0.1565
37 37 38 0.1053 0.1230
38 38 39 0.0304 0.0355
39 39 40 0.0018 0.0021
40 40 41 0.7283 0.8509
41 41 42 0.3100 0.3623
42 42 43 0.0410 0.0478
43 43 44 0.0092 0.0116

95



A a 4 1 o w 9, o 1
M1319N 4.12 WTD'HJW]EJ'D'ﬁ?ﬂﬁ\iﬂ?ﬁ\ilMWﬂJﬂﬁzU‘U IEEE 69 U (919)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)

Line Impedance

Branch Sending Receiving
Number End Bus Resistance (R) Resistance (X)

End Bus () ()
44 44 45 0.1089 0.1373
45 45 46 0.0009 0.0012
46 4 47 0.0034 0.0084
47 47 48 0.0851 0.2083
48 48 49 0.2898 0.7091
49 49 50 0.0822 0.2011
50 8 51 0.0928 0.0473
51 51 52 0.3319 0.1114
52 9 53 0.1740 0.0886
53 53 54 0.2030 0.1034
54 54 55 0.2842 0.1447
55 55 56 0.2813 0.1433
56 56 57 1.5900 0.5337
57 57 58 0.7837 0.2630
58 58 59 0.3042 0.1006
59 59 60 0.3861 0.1172
60 60 61 0.5075 0.2585
61 61 62 0.0974 0.0496
62 62 63 0.1450 0.0738
63 63 64 0.7105 0.3619
64 64 65 1.0410 0.5302
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A a 4 1 o w 9, o 1
M1319N 4.12 WTD'HJW]EJ'D'ﬁ?ﬂﬁ\iﬂ?ﬁ\ilMWﬂJﬂﬁzU‘U IEEE 69 U (919)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)

Line Impedance
Branch Sending Receiving
Number End Bus Resistance (R) Resistance (X)

End Bus () ()

65 11 66 0.2012 0.0611

66 66 67 0.0047 0.0014

68 68 69 0.0047 0.0016

69 11 43 0.5000 0.5000

70 13 21 0.5000 0.5000

71 15 46 1.0000 0.5000

72 50 59 2.0000 1.0000

73 27 65 1.0000 0.5000

139 4.13 winfimed naasda lWFhvesszuw TEEE 69 17a
(ﬁm http://psdyn.ece.wisc.edu/IEEE benchmarks/)

Bus No. PL(kW) QL(kVAR) Bus No. PL(kW) QL(kVAR)
6 2.60 2.20 16 45.50 30.00
7 40.40 30.00 17 60.00 35.00
8 75.00 54.00 18 60.00 35.00
9 30.00 22.00 20 1.00 0.60
10 28.00 19.00 21 114.00 81.00
11 145.00 104.00 22 5.00 3.50
12 145.00 104.00 24 28.00 20.00
13 8.00 5.00 26 14.00 10.00
14 8.00 5.50 27 14.00 10.00
15 45.50 30.00 28 26.00 18.60
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M99 4.13 M3 Inaamad e sse 1 IEEE 69 17 (9)

(111 hitp://psdyn.ece.wisc.edu/IEEE_benchmarks/)

98

BusNo. | PL(kW) QL(kVAR) | BusNo. | PL(kW) QL(kVAR)
29 26.00 18.60 51 40.50 28.30
33 14.00 10.00 52 3.60 2.70
34 19.50 14.00 53 4.35 3.50
35 6.00 4.00 54 26.40 19.00
36 26.00 18.55 55 24.00 17.20
37 26.00 18.55 59 100.00 72.00
39 24.00 17.00 61 1244.00 888.00
40 24.00 17.00 62 32.00 23.00
41 1.20 1.0 64 227.00 162.00
43 6.00 4.30 65 59.00 42.00
45 39.22 26.30 66 18.00 3.00
46 39.22 26.30 67 18.00 3.00
48 79.00 56.40 68 28.00 20.00
49 384.70 274.50 69 28.00 20.00
50 384.70 274.50
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Optimization Location for Installation
of Plant Biomass Using Adaptive Tabu Search

A. Thanzsan, K. Oonsivilai, and A. Oonsivilal

Absiraet— A new approach to blomass power
plants instzlled in the epproprate locations by swdving the
benefits of neture to tame fire and the power loss of the
systemn 15 presented in this paper. The system applied in the
experiment is & test of a 30 bus, including the finding
method for the best fit is an antificial inte=lligence technique.
The movement of the Adaptive Tebu Search {ATS) was
used to search for the installed biomass power system to get
the most appropriate locetion for the power plant.

Keywords— Biomass, (ptimization, Power loss

I INTRODUCTION

HE energy crisis in Theiland, increasing of energy in

current &nd & higher price are enormous impact on our

country's economy. Since & fuel in Thailand is mainly
import from sbroad. The rencwable energy sources are
supparted in order to stabilize the economy and energy for
country. Thailand, country where has the potential of
biomass fuel source if this energy could be utilized &s &
source of sustainable energy to benefit the country.

The concept of installing distributed generation in 2
utility distribution or sub-irensmission systcm is gaining
interest in the industry. Rescarch suggested that distributed
resources benefits could be substantizl. However, these
distributed benefits are site specific [1]-[3].

%4 Opesivilal, author is with the Smart Matenals, Health Sciences and
Energy Research Center and the Altemative and Sestainable Erergy
Research Urit, Postharvest and Technology research center, Schoal af
Electrical Ergineering, Suranaree University af Technology, Nakhon
Ratchasimna, Thailard. {esmail: anact@sut ac th)

T. Thacasan ix with the School of Electrical Engineerig, Institube af
Engineenng, Suranaree University of Tecknolagy, MakbaonRaichasima ,
THAILANDYesmail: Anuphong_gameZhotmail.com).

Cemsivilai, R, is with the School of Food Technclagy.Center of
Excellence in Electric Energy, 3mart Materiak, and Health Sciecce,
Research Techmology development for value creation of Agricultural
byproducts, Institste of Agricultuml Technology, Sermraree Urniversity of
Techrelogy, MakbanRatchasima, 20000 Thailand (phene: 66-442.24217;
fax: Gfadd 2624237, pwrmazil: rooesivi@sctac.th).

MNowadays, the main source of fuel such as coal and
crude oil has decressed significantly because of high
demand depending on population increass. As 2 result,
people are looking for altemetive cnergy sources. Theiland
15 an agricultural couniry, has biomass for elternative fucl
that received considerable attention and lead to research for
development. Currently, the biomass is becoming an
eltzmative energy to the use of reneweble resources that can
be recycled agein. In the term of the power produced from
biomass ere considering both technical and economic. The
mejor benefit of biomass energy is the combustion cycle
releesed the carbon dioxide in small quantities [4],[5].

However, it is difficult to choose powerhouse
gppropriate gpproach the power plant to generate electricity.
This rescarch hes been developed and installed the
eppropriate locations in agricultural or forest area. This will
depend on the resources amount in the area to reduce power
loss and investment cost.

Presently, the artificial intelligence {Al} techniques are
widely applied to many engineering works such s the
system identificetions using en edaptive w@bu search (ATS)
[6]-{10], a5 well as the protzction design in power systzm
[11], the active power filter design using B genetic
elgorithm {(A) [12], power loss minimization using a
particle swerm optimization (PS0)[13], Optimal power
flow using Tabu search [14].Optimal controller tuning end
design[15-17] and etc. Therefore, in the paper, the PSO
elgorithm and ATS is sclected for the insallation of plant
biomass.

ILTHE 3YSTEM

In this paper, & 30-bus system following |EEE standard,
&s shown in figure 1, is used. Testing system volage is 11.0
kW, power base 1s 100 kVA and 40 MW generators. A 24
MW gas turtine 15 insemted into bus numiber 3 to check the
power loss of generator installed system in eech bus. Area
of study is segmented as shown in figure 1.

Three types of rew material is used in this testing
systeny; tapioca, chaff and sugar canes. We segmented each
zone according o which raw material is used; Zone I,
tepioca generating 20 MW, Zone 2, chaff genersting 60
MW and Zone 3, suger cane giving 40 MW,
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Figure | 30-bus test system based on standard IEEE.

1Il. POWER LOSSES

Electric power systems may suffer significant losses.
The losses depend on the line resistance and currents and
are usually referred to &s thermal losses. While the line
resistances are fixed, the currents are a complex function of
the system topology and the location of generation and
load. Consider the well-known power flow eguations, with
complex power

S,=F+jQ (1)

injected at bus § as
B=V,Z;, YV, cos(8 -5, -7,) @
Q =VX;, XY, sin(s -5,~7,) 3)

where Y, is the magnitude of the i - ji'
clement of the bus admittance matrix
¥, angle with i-j*
7, is the angle of the i-j* clement of the
bus admittance matrix
¥, is the voltage magnitude at the i* bus

&, is the phase angle of the voltage ¥,

In this paper, only the real power injections as they
relate to electric losses are of concern. The system losses
can be expressed as

Ii:z:-ia _Z:'.II Pu (4)
Where:
P, is the real power loss
£, is the real power generated at the i bus.

P,

%, 18 the real power required at the i* bus.

In order to determine the best placement of the units
for study systems, an algorithm is proposed that would be
appropriate given the particular constraints on voltage
operations [16] .This algorithm is applied to determine the
best placement of gas turbine unit in order to power losses
on the system degrade for & given load.The method is
conducted using the MATLAB Software Package. The
algorithm proceeds as follows:

1. Perform power flow calculations to determine initial
conditions of the system
II.  Select possible locations of units based on arcas that
have large losses.
IIl.  For cach selected location, recelculate system losses
if the gas turbine is added.
IV.  Rank cach location according to system losses.

IV. ADAPTIVE TABU SEARCH: ATS
The tabu search (TS) algorithm is an iterative search

that starts from some initial feasible solution and
attempts to determine a better solution in the manner
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of a hillclimbing algorithm. TS is commonly
developed for solving local optimization problem. The
algorithm keeps historical local optima for leading to
the near-global optmum fast and efficiently. The local
optima are kept in Tabu List {TL) for making sure that
there will be no same local optimum happening again
in the process. Another powerful ool in TS iz called
backtracking. Backiracking process starts  from
stepping back to some local optimum in TL and then
searching a new optimum in different directions.
Backtracking is performed when the backtracking
criterion {BC) is encounterad.

The TS algorithm has a flexible memory in which
o maintain the information about the past step of the
search and wses it 1o create and exploit the betier
solutions. The main two components of the TS
algorithm are the tabu list (TL) restrictions and the
agpiration criterion (AC). Well description and detail
of adaptive tabu search (ATS) can be found in [18-
22].

In applying the ATS algorithm, to solve a
combinatorial optimization problem, the basic idea is
o choose a feasible solution at random and then
obtgin a neighbor to this solution. A move 1o this
neighbor is performed if either it does not belong to
the TL or, in case of being in the TL it passes the AC
test. During these search procedures the best solution
is always updated and stored aside until the stopping

A ¢ the set of feasible solutions.

x  :the current solution, x £ X

xy - the best solution reached.

Xy - the best solution among trial solutions.
Eix} :the objective function of solution x
Nix) :the set of neighbothood of x E X
TL :tabu list

AL :aspiration level.

criterion is sarisfied [18].

The following notations are used through the
description of the ATS algorithm for 2 peneral
combinatorial optimization problem:

The procedure of the ATS algorithm is as follow:

Step O Set TL as empty and AC as zero.
Step 1@ Sa1 iteration counter & = O . Selact an initial
solutionx S X, and setxy ™ x .

Step 21: Generate a set of trial solutions in the
neighborhood of x. Let x,, be the best trial solution.

Step 3: I E{xae) > E(xe ), go 10 Step 4, otherwise
set the best solution x, = x,, and go to Step 4.

Step 4: Perform the tabu test. If x. is NOT in the
TL, then accept it as a current solution, el X = X ,
and update the TL and AC and go to Step 6, otherwise
g0 10 Step 5.

Step 5: Perform the AC test If satisfied, then
averride the tabu state, setx = x,, , and update the AC.

Step 6: Perform the termination test. [f the stopping
criterion is satisfied then stop, otherwise - Activate the
AR (adaptive search radius) mechanism to speed up
the searching process. - Activate the BT mechanism
if & local minimum trap occurs. Reset lteration and
repeat step 2.

Based on ATS algorithm, PID controller can be
identified using the flow chart show in Fig 3.

V.SEARCH AREAFOR INSTALLATION BY ATS

The position of the bus n the standard 30-bus system
using Adaptive Tabu Search This search process end design
paremeters of the algorithm are as fiollows.

Step 1 Define the minimum and maximum limits for the

search parameter nois O -3,

Step 2: Define the random response equal to 5.

Step 3: Define a random post within the search radius

around the number is 5.

Step 4 Configure the default scarch radius is equal to

0.5,

Step 5 Configurs the reduction radius factor equel to 1.3,

Step 6 to st conditions for the reverse. If the system

cen't finds the answer to a local solution out of & total of

50 rounds to find a way to reverse ocours.

Step 7 Sct the meximum number of scarch (count,,.) at

50 eyeles.

Of these parameters, the algorithm searches the Adaptive
Tebu Search algorithm design above. Search Results for
bus to install a biomass power plant is shown in Figure &,
which is the result of the convergence of the solution. In
this case, the convergence of the power loss 8 minimum.
The cost is around 12.030 MW in the 50th round, which
match the search request, 11 of Figure 1, which is the most
suitable place to install a biomass power plant. The main
ingredients used in that arca is & sugar canc plant of 40
MWL
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Figure. 2 Flow chart for the ATS process.
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Figure 3. The convergence of the power loss By ATS.

VI CONCLUSION
In this peper presents the optimal location for the
installation of a biomass power plant by Adaptive Tabu

Search (ATS) which is one efficient elgorithm for
searching. The scope of the search and to determine the
parameters of the search method is imporiant for the
maovement of the swarm searching process. And the radius
of the search to find an adeptive tabu search that makes
searches more effective. From the test to determine the
location of a biomass power plant with 30 bus system
follow IEEE standard with three materials (tapioca, chaff
end sugar canc). The result is the optimel location for
installation the biomass power plent is bus number ® and
the material in this area is sugar cane with the power plant
of 40 MW. In this paper, Adaptive Tabu Scarch (ATS) is
efficient for locating and installing a biomass power plant.
And fisture plans are also available with the cost velue into
scoount, which maekes the installation of plant biomass.
More efficient Mext plans are also eveilsble with the cost
value into account, which mekes the installation of plant
biomass more efficient.

VIl RESULT

Set of configuration parameters of algorithm that used to
scarch the movement of particle under the preliminary
design stege. Results are the perameters of the power loss as
shown in figure 4. The convergence of the power loss is
equal to 12,030 MW in 50 rounds which is match with the
bus number ® in figure 1 that is optimal location for
installation of a biomass power plant by the main material
used in that area is sugar cane plant of 40 MW._As same as
algorithm that o adaptive wbu search. Results are the
parameters of the power loss as shown in figure 11. The
convergence of the power loss is egual to 12.030 MW in 50
rounds which is match with the bus number & in figure 1
that is optimal location for inswllation of & biomass power
plant by the main material used in that area is sugsr cane
plant of 40 MW.

VIILCONCLUSION

In this peper presenis the opumal location for the
installation of a biomass power plant by Adaptive Tebu
Search (ATS) which is one efficient elgorithm for
searching. The scope of the search and to determine the
parameters of the search method is importent for the
movement of the swarm scarching process. And the radius
of the search to find an adeptive tabu search that makes
searches more effective. From the test to determine the
location of a biomass power plant with 30 bus system
follow IEEE standard with three maeterials (tapiocs, chaff’
gnd sugar canc). The result is the optimel location for
installation the biomess power plant is bus number 2 and
the material in this area is sugar cane with the power plant
of 40 MW. In this paper, Adaptive Tabu Scarch (ATS) is
ctficient for loceting and installing a biomass power plant
And fisture plans are also available with the cost value into
gccount, which mekes the installation of plant biomass.
More efficient Mext plans are also aveilahle with the cost
value into account, which mekes the installation of plant
biomass more efficient.
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