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A Study on Probabilistic Reliability Evaluation of Power System Considering Wind
Turbine Generators
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Abstract — This paper presents a study on reliability evaluation of a power system considering wind turbine generators
(WTG) with multi-state. Rencwable energy resources such as wind, wave, solar, micro hydro, tidal and biomass etc. are
becoming importance stage by stage because of considering effect of the environment, Wind energy is one of the most
successful sources of renewable energy for the production of clectrical energy. But, reliability evaluation of generating

system with wind energy

resources is a complex process. While the wind turbine generators can not modelled as

two-state model as like as conventional generators, they should be modelled as multi-state model due to wind speed
random variation. The methodology for obtaining reliability evaluation index of wind turbine generators is different from

it of the conventional gencrators. A method for making outage

capacity probability table of WTG for reliability is

proposed in this paper. The detail process is presented using case study of simple system
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Fig. 3 The pdfiprobability density function) of the common
wind speed model
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k1 1 ZUAE 12 241 26UNT|e EMAER
Table 1 Data of wind speed and WTG of model system |
T FE LA (WTG)
Wind speed range| 0735m/sec |WTG capacity| 10MW
Mean wind Cut-in
10m/sec 5 m/sec
speed(x) speed(Ve)
Rated
e /s g
Standard speed(Vg) 15 m/sec
.. 8m/sec -
deviation(0) Cut-out 95 m/sec
speed(Veo) -
aHrz FEHEH e FHEAST AFsEL 4 (2)
Z ol&3ly ¥ 24" A",
E 2 EHWUXU|e] EHENIM AF A BEC
Table 2 The parameters of power curve of WTG
A 0.1111
B -0.063 [m/sec]”’
C 0.0081 [m/sec]”™

olAl F&wi=zzle]l Al ASW=10g/Nyell A =29
Mer(step)E Np=81% HAsH ASW=1[MWI7} €} ol
R HARY L AFstod 1 EEF

3

H O3 BUNUe JE8YY HEER

Table 3 AP(Available power) and probability of WTG

WTG N
Zaw=e] 95 | Available power Pm];b%lfty
(Pswn) [IMW] (FBw)

1,36 and 57,., 81 0 03131

37 0.2667 0.0440

38 06963 0.0465

20 1.2889 0.0483

40 20444 0.0495

a1 2.9630 0.04%9

42 40444 0.04%

43 5.2880 0.0483

44 6.6063 0.0465

15 B 2667 0.0440

46...56 10 0.2604

Total 1.000

vgoez vy 44T OMW, 3MW, 5MW, 7MW k=11
I0MWeEre 570 ZMegad AN E FReR FERE
ke Hegpardes 248 Holw ¥ 49 %M o] 7] 4
v e e AHEnEE R AR oE g

delE 2Egstd 5ok gEdd fge 48 F v o

FAsE AEFE ol g olgel HY I gateE gtz
deizd qdtisl ® 5% E 4oM dojil e e g EgE
Aelstel Bl 3lolw 1

= o2 yehd Aolg Az
9 BEghe JHEEF 1I0MwWA e
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Table 4 Rounding of the WTG power and corresponding

probability
AP AC 0 3 5 7 10
[MW] MW MW MW MW MW
Prob:

0.0 0.3131 | 03131 - - - -

E: 3 6 ML

ot dn

oﬂ Hlakal Foixl FHLAIE
W st e re FHUET
ﬁl%ﬁﬂ‘:‘ﬂl 71 g s AT
o w7 FAE e A HE
o Fuz FHEA|E wd@

TAF % Avlo]gE<

Table 6 Indices of three kinds of systems

Total 1.000 | 0.4328 | 0.1422 | 0.0742 | 0.0718 | 0.2790

(Eh AP: 8 58 AL&5tof A'HI AT 712 B Pswy)

E 5 BHWHI|o ALBUAERSY
Table 5 The outage capacity and corresponding probability
of WTG
OCIMW] 0 3 5 7 10

FOR 0.2790 | 0.0718 | 0.0742 | 0.1422 | 0.4328

0.433

0.279

0.142
0072 0974 T
L i | 1 1 i -
0 3 5 7 10 oopMw)

3 10 2RI MuBY HEEEZES
Fig. 10 OQutage capacity PDF(foWTG) of WTG
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(D, 2 (12) 2 2 13)e vet AI=E Frrsd F 63
2tk 71N e OgAAHE 2 FEURARss) 299 A
o FFAAEZAAM ] NHZXFo drp} FES
A 7HE °‘°}E71 st (1) FEEA77F P8 30MW
A 71EY HH7] & U7t dE Af(case 1), (2) FE2EA
717} Er'ﬁ% A% (case 2) 2T 3) TNEE 2t F7H
a7 Wale] AFz&(FOR)e] 012 2704 el=d 10MWel
71 2d 7] 107t BYHE A9 (case 3) 5 AR o
st AE = FrlE AAR AnE vased ®Be FHold
qAEHE AXNFD 729 SArEe] BAHew 84

Table 7 Probabilistic

production

factors of generators (case 2)

0.2667 | 0.0440 | 0.0401 | 0.0039 - - - Without With All Conventional
0.6963 | 0.0465 | 0.0357 | 0.0108 - - - WTG WTG Generators
1.2889 | 0.0483 | 0.0275 | 0.0208 - - - (case 1) | (case 2) (case 3)
2.0444 | 00495 | 0.0158 | 0.0337 | - - - LOLE 94 201 114
29630 | 0.0499 | 0.0006 | 0.0493 - - - [hours/day]
EENS

4.0444 | 0.04% - 100237 [ 00258 | - - IMWh/day] 34 24.18 124

5.2889 | 0.0483 - - 0.0413 | 0.0070 - EIR 0.9 0.9289 0.9635
6.6963 | 0.0465 - - | 00071 | 0.0304 -

82667 | 0.044 - - - 0.0254 | 0.0186 Er 7 2t wAy|e sE=Mol w2k o Mu|o|g28
100 | 0.2604 - - - - 0.2604 (case 2)

energies and capacity

A ZHMWh] 2] 0] -8-&[%]
CcGl 2176 30.2
WTG 98.1 40.9
Total 315.82
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ki 8 DEAE g ¢MI UHRE ki3 10 LEAE o EHUFHIe EHEMUHKXE
Table 8 Generators data of model system |l Table 10 WTG power function in model system |
g | o) WTG capacity | 10MW 30MW S50MW |
He ol & F4 o e Ab & Cut-in
IMW] o o 5m/sec 5m/sec 5m/sec
speed(Vci)
1 | NMJ3 | TP 100 2 0.012 Rated
. 14m/sec 15m/sec 16m/sec
2 JjU1 T/P 10 1 0015 speed(VR)
_ Cut-out - op e
3 Jjuz /P 75 2 0.012 . 25m/sec 25m/sec 25m/sec
speed(Vco)
4 HNM1 G/T 35 2 0.013
5 HNM1 S/T 35 1 0.013 E 11 2EAE |olMel BsHaMIe EHEMIAM
6 | 1us | pp 40 1 0018 A _
N ‘ Table 11 The coefficients of WTG power function of model
7 NMJ1 D/P 10 4 0.018 system Il
010 ~ 35 SON-WF N-WF
s« | mvpc | pc | wmasos | 2 | OO JON WE | SSN_WE | HWR WE
0.028 A 0.09275 0.1111 0.12034
9 | JoNt lwrG| 2 1 - B 006486 | -0.06296 006
[m/secl-1
10 SSNZ | WTG 30 1 - c -
, 0.00926 0.00815 0.00719
11 HWN3 | WTG 50 1 - Im/sec}-2
Total 945 18
439591
{, HVDCE 7l HENEZIRE 2R Relg) A
0.331¢
Hourslyear 0 12947
9.04307 pe T !
¢ ! 1 L,

G 3 i 13 20 OCIMW]

(@) JCN1 ERUX7Ie AILSTHEEEEF ()

0
//% . // N

N

0.31923

0.06234

67650
A 0.05918
7 004726 f T
) MW * ? i

0 5 16 i5 20 25 30

B 1 2EAE lef FetxiER (b) SSN2 EHWH7|o| AT BLEEEEHF (o0

Fig. 11 Load duration curve of model system #

0.302%
28186
E 9 RZENE (o ZooRy 2
Table 9 Wind speed of wind farm in model system |l
Wind speed{m/sec] 002 posrse s
6.04417
WF Name JCN-WF SSN-WEF | HWN-WF o.oz{w oys DT O.,)_;{;(, 0.04103
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