ARULNY
f."l‘“ ﬁ’e«

V25 S

A, e

v} a a d
1ﬂ§ﬂ§933ﬂﬂ1uwuﬁ
TaumaIngds 1IN SenEasmans

enssuenaasuviiaga Qenssy i)

USayan

eanssu v Jenssu il

GRLR MV

‘ﬁ' o 1 a
1303 waﬂiz‘nmlmwmﬂu'ﬂmmumamwmﬁmwammmmm"lﬂﬁw

Impacts of Renewable Energy on Generation Adequacy

Y

WNGIDY WNEIYANT DDA
ya <
Nanarsandivreulag

i a a J v
@1%1§ﬂﬂﬂ;§ﬂﬁ13ﬂﬂ1uwufﬁﬂaﬂ

U t% a
HINUINIAIB

A o o 4
( FOIPNANTINTOIYY AISWAIU, IR, )

................................................................ Bueeeeoneanessnsaniencsancancsscsancancssncancans

U A A (Y] a [y do
UUNAINEIQE N‘]"i1TITI?J1ﬁﬂ!ﬂﬂﬂﬁﬂ1ﬁﬂ‘§ﬁﬂﬁﬁﬁlla’3




a a J
INITUNUD
A
1393
v ' = a 9
Nflﬂ3$'VI°1J61]i’]\1Wﬁ\1\1TL!‘I/lﬂ!,WIu@'I@ﬂ'NiJLWENWFJEU‘OQﬂTiNa@UlV\IV\h

Impacts of Renewable Energy on Generation Adequacy

Tag

mmniﬁm DTNV

YD
FuNaIMends unaneaonyasaas
4 o ] a % a a
ioANuaNyIBiuilSyaIisnssumaasutuga Gaanssu Tildh)

N.7. 2556



AN WOFUIIWUAL 2556: HANTZNUUDINAINUNAUNUADANUAIINDUDINIS

wan IWih USyanimanssumansuvmiagia Genssu Wil andsnssulih
a a s a a J o

madrnanssu il e1sdnlsnuinentnusvan:

Y 4 A 4 o J 9
HEIYAITANTIITY AQYNLITHY f]ﬂ‘lﬂllﬁﬂ'lwxiﬁ, Ph.D. 66 i1

] 9, [ [ =Y g @ (4 1 a = g ] A
wasu Ivih aulugwaaniain iy, e sazawiiv seilunswenshiiegedi
o w 1 < = Y] 9 o Y g‘; A éf A T <
A 1Azanaee1eTIAG VazReINuANUAIMINasOu IWiiuuIuEoen od1adiu
Yo o Y o ~ 1 9 a Y A
lagamTanasnunaunuiivnumediannlumsdiwmaunumswnaa lWihaneasa
o A 3 o A o Yo 1% a 9 ' Y 4
wasnuasdetundsunaunugniun lddmsumswan Wfhedandisuna iiiesan
< a 9 A =) Y Y a A [ kS ]
Wumswaa rlihnazeia uaz hilismdunuuesingay uadipsanwasauauiu b
[ a <3 v [ &1 A= o & 9 a a o a
wrueu tazlinnuEraudurinluuaaziui s uiludesdimsisziiudnenmmskan
Tihvoandsaaw el lunmsisziiuanuneiissvesmamaanuanudesmsnaaau

Tlihvesdld 1 luaruvesmstinsginnusede 1a

dy 9 a [ a Y [ d‘ d' 1 1Y
unanwil ldrmuemsdsziliudnenimmanaa IWihvesnasnuaniyeusonusz iy
tmiine Taeruaue luglaaiinudene 18 Loss of Load Expectation (LOLE) &aldn11msiu
@ 9 a J Y y 9 < o @ @
HIUYDINAINUANIT NN TIZHTINAe TaglddoyanauG1au1n dune 52 Tua 191in
! . . & @ 9 A
@991 11z WA Capacity Credit iNogANA N0 luM55095D Tnaagagaaie o4 lums

Nuwuneadwaoil lnihae 11 lueuna

A A aan A A s a a d
DYUDFOUTA mﬂna%ammﬁwﬂ?ﬂyn‘wmuwu‘ﬁwaﬂ



Chutima Chongarunngamsang 2013: Impacts of Renewable Energy on Generation
Adequacy. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Assistant Professor

Dulpichet Rerkpreedapong, Ph.D. 66 pages.

Electrical power is mainly generated from petroleum, gas and coal, which are limited and
decrease dramatically. Meanwhile, electrical energy's need is increasing obviously, so renewable
energy becomes a good alternative energy which is made from fossil fuels. Wind energy is also
the renewable energy source used in generating electricity since it is clean and free. However,
wind energy cannot generate electrical power constantly because it depends on wind speed which
always vary all the time. Therefore, the potential of wind power which generates electrical power

to serve power demand should be evaluated in terms of generation adequacy on a reliability study.

This thesis presents the potential evaluation of electric power generation from wind
energy connected to distribution systems in terms of Loss of Load Expectation (LOLE) index and
capacity credit value. The location which we choose to do an experiment about an uncertainty of
wind speed is at Ranod Songkhla. The results of 3 case studies are presented and discussed in the

paper also.

Student’s signature Thesis Advisor’s signature
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1. Blades

2. Rotor

3. Pitch

4. Brake

5. Low-speed shaft
E. Gear box

7. Generator

8. Contraller

9. Anemometer
10. Wind Vane

14, Yaw motor
15. Tower

M 2 arulsznouveIndriLan

lan: Alternative Energy News and Information about Wind Generator Technologies and

Innovations.
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state Capacity In  Capacity Out State Probability Cumulative
(MW) (MW) Probability
1 8 0 0.96 1
2 6 8 0.64+0.04 0.04
3 3 11 0.32+0.04 0.0144
4 0 14 0.04+0.04 0.0016
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18 7.193434 6.851847 6.851847 6.851847 6.851847 6.851847 6.851847
19 7.193434  7.193434 7.193434 6.851847 6.851847 6.851847 6.851847
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state no (X)  wind speed(m/s) power output (W) Probability
1 <4uaz<s 0 0.494479
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3 >6uay <7 354543.8 0.123046
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Taeh P fe Maanunnaald (Watts)
1 1 o 4 U SO/
O£ A ANUHUILLLYeIIMANIND 1.225 kg/m3 ATzAUMEIE
A Ao turbine rotor swept area, exposed to the wind (mz)
p p
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vV Ao ANNISIAN (m/s)
v ] v Y
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Type Upwind with active pitch control

Direction of rotation Clockwise

Number of blades 3

Swept area No less than 3800 m’

Blade material Fiberglass/Epoxy or Better Engineering materials
Rotation speed 5-25 rpm
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Type Direct-drive synchronous generator
Continuous rating Not less than 1.5 MW 1 sets
Operating voltage Not less than 600 V

Insulation class F

Rated frequency 50 Hz
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Cut in wind speed Not more than 4 m/s

Rated wind speed Not more than 15 m/s
Cut out wind speed Not more than 30 m/s
Survival wind speed Not more than 70 m/s
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state no (X)  wind speed(m/s) power output (W) Probability
1 <4 0 0.494479
2 > 502 <6 213927.2 0.167274
3 Z6uay <7 354543.8 0.123046
4 > 70y <8 548850 0.074055
5 >8uay <9 799026 0.050907
6 > 9uaz <10 1115492.7 0.035216
7 > 10uay <11 1502699.5 0.026336
8 > 11uay <12 1965346.3 0.016697
9 > 1210y < 13 24942221 0.008747
10 > 13 uag < 14 3138584.7 0.002391
11 > 1l4uag <15 3863711.6 0.000626
12 > 1518z <30 4443068.1 0.000228
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vnamae Wi (Mw) LOLE (%) LOLE (Junoiaan)
0.1 1.24 0.3844
0.2 1.24 0.3844
0.3 1.24 0.3844
0.4 1.24 0.3844
0.5 1.24 0.3844
0.6 1.214 0.3760
0.7 1214 0.3760
0.8 1.214 0.3760
0.9 1.214 0.3760
1.0 1.214 0.3760
1.1 1.214 0.3760
1.2 0.958 0.2970
1.3 0.958 0.2970
1.4 0.958 0.2970
1.5 0.958 0.2970
1.6 0.523 0.1620
1.7 0.523 0.1620
1.8 0.523 0.1620
1.9 0.446 0.1380
2.0 0.446 0.1380
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3 0.9580 0.297 3.35
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276082642 2002.17814
B4253.736 B6E06.7085
137553.585 522002157
32107.2557 473097852
121917789 179722684
767762169 108508386
149160633 216646.097
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; A
Date
|01.07.2012 00:00:00
101.07.2012 00:30:00
101.07.2012 01:00:00
101.07.2012 01:30:00
|01.07.2012 02:00:00
101.07.2012 02:30:00
'|01.07.2012 03:00:00
|01.07.2012 03:30:00
0 01.07.2012 04:00:00
11 01.07.2012 04:30:00
12 01.07.2012 05:00:00
13 |01.07.2012 05:30:00
14 |01.07.2012 06:00:00
15 |01.07.2012 06:30:00
16 |01.07.2012 07:00:00

17 |01.07.2012 07:30:00
18 |01.07.2012 08:00:00
19 |01.07.2012 08:30:00
20 |01.07.2012 09:00:00

21 01.07.2012 09:30:00

wolvalunpslwnle

[

23 |01.07.2012 10:30:00
24 |01.07.2012 11:00:00
25 |01.07.2012 11:30:00
26 |01.07.2012 12:00:00
27 01.07.2012 12:30:00

B
-Value(Mean]

5.485496
5.485496
5123815
5.123815
5123815
5.123815
5.123815
5.123815
5.123815
5.123815
5.485486
5.827084
6.510259
5.485496
4782228

4 44064

4 44064
4782228
4782228
4782228
4782228
4782228
4782228

4. 44064
4782228

4 44064
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for a=1:10000

Prob wind=[Data Wind Power ];

%x = rand(1000,1);

%s65 newWind = Prob wind(1,x);

61
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peakload=[6.51 7.19 7.19 7.19 7.19 7.19 7.19 7.9 7.19 7.19 7.19 7.54

7.54 754 754 754 754 754 754 754 7.54

7.54 754 7.88 7.88 7.881];

newWind =0 ;

%newWind=1.5 ;

for i=1:31

x = int16(rand(1)*10000)+1;

x = (int16(rand(1)*9999))+1;
newWind = Prob_wind(x);
store(i)= newWind;
peak new(i) = peakload(i)-newWind;

end

peak new_set=unique(peak new);

count=hist(peak new,peak new_set);

hist(peak new,size(peak new_set,2)+5);
grid on

p=[1 0.040.0144 0.0016];

index=[0 8 11 14];

%Pw=0;

LOLE pui(a) = 0;

7.54 754 7.54 7.54 7.54



for j = 1: size(peak new_set,2)
%w = 12.443068109375-peak_new_set(j);
w = 14-peak new_set(j);
for k =1 : size(index,2)
if w<=index(k)
Pw = p(k);
break;
end
end
LOLE pui(a) = LOLE_pui(a) + (count(j)*(Pw));
end
LOLE pui(a)
end
hist(LOLE_pui);
%n=size(LOLE_pui,1);
%m=size(LOLE_pui,2);
m=size(LOLE pui,1);
n=size(LOLE pui,2);
sumLOLE = 0.00;
ford=1:n
fore=1:m
sumLOLE = LOLE_pui(m,n)+sumLOLE ;
end

end
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for a=1:1000

Prob_wind=[Wind power output];

%x = rand(1000,1);

%s65 newWind = Prob_wind(1,x);

peakload =[6.51 7.19 7.19 7.19 7.19 7.9 7.19 7.19 7.19 7.19 7.19 7.54
7.54 7.54 7.54 7.54 754 754 754 754 754 754 754 754 754 7.54
7.54 7.54 788 7.88 7.88];

newWind =0 ;

%newWind = 1.5 ;

for i=1:31

x = int16(rand(1)*10000)+1;

x = (int16(rand(1)*9999))+1;
newWind = Prob_wind(x);
store(i)= newWind;
peak new(i) = peakload(i)-newWind;

end

peak new_set=unique(peak new);

count=hist(peak new,peak new _set);

hist(peak new,size(peak new set,2)+5);
grid on

p=[1 0.040.0144 0.0016];



index=[0 8 11 14];

%Pw=0;
LOLE pui(a) = 0;
for j = 1: size(peak new set,2)
%w = 12.443068109375-peak_new_set(j);
w = 14-peak new set(j);
for k =1 : size(index,2)
if w<=index(k)
Pw =p(k);
break;
end
end
LOLE pui(a) = LOLE_pui(a) + (count(j)*(Pw));
end
LOLE pui(a)
end
hist(LOLE_pui);
%n=size(LOLE pui,1);
%m=size(LOLE_pui,2);
m=size(LOLE pui,1);
n=size(LOLE _pui,2);
sumLOLE = 0.00;
ford=1:n
fore=1:m
sumLOLE = LOLE_pui(m,n)+sumLOLE ;
end

end



aun 2

clear;
sumLOLE = zeros(2001,2);
for i =0:2000
newWind = i/100;
sumLOLE(i+1,1) = newWind;
sumLOLE(i+1,2) = Untitled2 3MW(newWind);
end

plot(sumLOLE,'DisplayName','sumLOLE',"Y DataSource','sumLOLE);figure(gcf)
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