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Value-Based Evaluation of Power System Planning Alternatives
with Large-Scale Wind Power

YU Yi-xin, ZHOU Jin-hui, QIN Chao
(Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China)
Abstract: From the perspective of the total social cost, the overall framework of evaluation of power system plan-
ning with large-scale wind farms was established. According to the annual chronological hourly data of wind power
and load, for a given power system planning alternative, its system operation simulation was carried out, where the
variability of wind power was considered. In the simulation process, daily-ahead (or week-ahead) unit commitment
model, steady state and dynamic secutiy constraints based economic dispatch model and remedial control model were
included. It was emphasized that based on the hyper-plane description of the bounary of the practical dynamic security
region (PDSR) , the difficulty of dealing with stability constraints in the problem of solving for steady state and dy-
namic secutiy constrained economic dispatch can be overcome easily. Hence the hourly fuel, environmental and net-
work loss cost in the year for the given planning alternative could be calculated. These costs were to be combined with
generation capacity cost, power network cost and system reliability cost, so that the total social cost of the alterna-
tive could be determined. Therefore the evaluation of the total social cost of an alternative was achieved. Finally, the

proposed method was validated by means of the case studied.

Keywords: large-scale wind power; total social cost; value-based evaluation; power system planning
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Fig.1 Framework of evaluation for power system planning

R IS

OB B A A ]

with large-scale wind farms
2 EHIBAITH

BERTE5 5 15 R IXUHL B L T L P37 LR
Jrg, PG et S A I AR
2.1 FREL IREZAN M5 AL AN 1T A

DRI 3 AN L 1 BRGER R BRAE : O
WU R AILZEL WA 20T HL 25 70 A2 AR 1 2 (O o) R 1] g
B 25 TR R A DR 8] 1 A DR SP-1687 JXURL Y 7 38
) QY 5 B LB RE R AR A2 2 B AT D i A
A RS B0, AL R GRS MBS L 2
R, IR AL, W AT AR N AR IE PR . 7



2011 4 11 H

ARMGEES . ST 5 AU XA T R A £ 943 -

i, X B RS 2 A 2 A G 2 I i 24 AR R
HL R IR B 2R, BhaS & A 2 R 4R 46 8 i TR i R
AR RGRFFE S RE M, & nl il Bhsh 45 % 4l
3B Y TR OB AR BT s A TR L
BAERLR, AR A 4R 551

ZIER| LR R, ASFEFRE MBI R L 2R %
TR AR (SR b, 25 AP A A AR UL S
TE PRI Sel T RS ist T B AR, AT
AT IETEAS 4 & BRI RN 2 SR i m] {5

Bl 2 251 TR B RIHESR , XF424F 8 760 h &
B BB R R Ris RO, B 3 A T et Sk
ATEAG AR, RS BRI « AR LR /KSF-4E
FF P XU, RIS s B A e, T2 B L TN
HL D™ AR T 48, B S A 1 AT BRI (H Bk
J&) BALAL A A DA R AR R 3 P A — I B 45 P
B ATIRAS U5 ) Rk T, SR 56 ASERfiafT
(1Y | B~ O g M= VoL i < M R
U TS B L, #7002 WA B R
SR RRLFE R | I AR | A IS G i HE R, T
P LA 0 AR 2 B A8 bR T 01T BB 2,
DTG AT A sl 4 L W Kk L & 5 PR
(VR B A R, W5 A T A TE PR ) 1 T B o R
GO BB T T, TS i s RS B AR AR | I B
AFNMBRAT AT B, EREHTT BRI R EZEZ
VR RIS o). SRS, FEUEA TR — R R R Y
VLA G, ER D i E 2 AP Rgs o, s
AR A4E 8 760 h (1 RG4S TTUNAR.

TR R IR R E S HA G Z
[ B T LA e/ NS T T A AL ) ) SR 24 0
7 KRR R i A X B8 2R 8 TV Wl A LT R Y
SR BB TR RO T, T SR IR I (1)
i Rt e =2 A A Can 3 XU 1 s 17 77

WP A I i) HE 42
o—t A 4 ) A
o 1 23 24 8760 yn

T AL B 1h
B2 FFRBIEEIESR
Fig.2 Time framework for the study
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Fig.3 Flow chart of evaluation of total social cost
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Tab.1 Electrical parameters of transmission lines

| 2 o el
g | B SRS R St

N ’ .
PRSP R B R Y | FR/MVA | B /km | 550

1 3 10.00080 | 0.0112 | 1.02500 | 2371 100 1

3 4 10.00175] 0.0252 | 230625 | 2371 225 1

3 5 0.00120 | 0.0168 | 1.53750 | 2371 150 1

2 4 10.00100 | 0.0140 | 1.28125 | 2371 125 1

4 6 |0.00160 | 0.0224 | 2.05000 | 2371 200 1

5 6 |0.00195 | 0.0280 | 2.56250 | 2371 250 1

3 7 10.00060 | 0.0084 | 0.768 75 | 2371 75 2

4 9 10.00060 | 0.0084 | 0.768 75 | 2371 75 2

5 8 10.00080 | 0.0112 | 1.02500 | 2371 100 2

T HLRH BRI RR L RS FEMET R IR 100 MVA,
FEMER R R 500 kV.
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Tab.2 Data of generation and loads

TRFR

3| BIHHT 2 000 MW, THZEE % Jy 0.95

4 | HINAMT 1500 MW, SR %k 0.95

5 | BIEAT 3000 MW, SRR ZE N 0.95

AU 1000 MW, HRNZE N 0.95, 5hkH HHR
3000 MW

4 5 600 MW HL4L,2 £ 300 MW HLZ

54 600 MW ML ,2 & 300 MW HLLH

9 2 £ 600 MW HLZH,3 & 300 MW HLAH

UL 500 kV VAR TH RS 5, Fe B R e W XL 3
FEAHL I EARHE (2009) 7, KU IATERE B T T 1%
S B R BCESR N - 0.98 ~ 0.98 FAf E H TGS
R IFE RGBT AR PV 1Y s b3

2 ] I
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Tab.3 Initial power system planning alternatives with
large-scale wind power
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Tab.4 Technical and economic parameters and reliability parameters of generation units

L2 \ IRER STy me.xﬂvlw ‘
600 (BAHE) 300 (BAHD) 390 (<)
/M TI/MW 180 180 19.5
AR TI/MW 600 300 390
HARSH N3 Z/ (Prnax + min) +5% 1% £ (5~10)%
H/NFFIE LTI ) /h 16 8 6
/N FRVFASHILE i) /h 8 5 3
R § . N a="7pJ/125 000 a=3p./50 000 a=304p,/533
7}25&522!&@51 S(P)=aP"+bP+c b=5401p/25 000 b =129p/500 b=-36 42g0pg/533
(PP Dy i) c=13224p/625 c=12p. c=16212 000 p,/533
LTS e 4 M R AL 0.082 0.082 0.082
BN RA O - kW) 3675 4412 3166
WA (2ot - 57 22.05 13.236 12.347
B THE TR % 35 3.5 5
PR/ R - (H-a)™h) 1.35 1.99 1.4
AT S BRERR - (F-a)™) 154.47 230.89 219
SEREA R/ (h - ) 56.71 37.94 40

e RAESARBERLCTI p R, Jun, B 700 o,
16.5%, HLZLAANLT FLAE BT A -PAS & BRI 1 2 10 2 .

RS5 REMRNBZFSH
Tab.5 Economic parameters of transmission lines and
wind power generation units

£ OB | PR | BT | BRI
iy 0.082 0 160 J7 7t/km 1.7
AL 0.087 2 8 000 JG/kW 1.3
TE: X HARBRARS00 kV AYERZS LR, G 75 dr G BRIl
25a Fl 6.5%. 500 kV LI 9 JF, AR AR A R
3x 1000 MVA, AR 270 JC/KVA, IBITYEF 2830 2.2%. &%
HIBRIAIE R 0.077 /(100 km - a) , FHBERITE 37.67
hAR. AL ZTE A ST CA 20 a F1 6.0%.

pe HRIREMHE, BORY 2 Jo/m’. HUARIZ T A6 SITIR 5B 252

TR 1 AAAE ST RURI G DR, S PR 2R
GE LA R PR Pr s (R 2R s A L a2y |, (HZ
XI5 2 5% 3, HESUN. H, i TR
HLZHJE f= s TR, U RE g o , DRI T ZEMILZH 45 7
ARG AR ST AT, J75 1 RN
AMET IR 2.07% 3 R, WIRRE 2 ANrRAE
B A TR R AT 1 G 1 CRIVAR R s 1 48
BHSA) | AH e B 22 5 R AR R K, 23l 208
17 ALITHN 13 ALTC. RFTFIEEWA, i 1 T %

F6 FADEZHELXAHSLREHEFHEY

Tab.6 Critical boundary hyper-plane coefficients of PDSR in power injection space

S TR F S Gl G2 G7 G8a G8b L3 L4 L5 L6

1 -0.0506 | -0.0422 0.0356 | 0.0448 | 0.0622 | -0.0504 0.067 2 0.033 6 0

1 2 -0.153 5 0.1273 | -0.0533 | 0.0675 | 0.1885 0.1529 | -0.1012 0.050 6 0
3 -0.0017 | -0.0046 0.0134 | 0.0200 | 0.0268 | -0.0153 0.0040 | -0.0004 | -0.0070

1 -0.0505 | -0.0421 0.0355 | 0.0449 | 00621 | -0.0503 0.067 2 0.0335 0

2 2 -0.153 6 0.127 4 -0.0534 | 0.0674 | 0.1886 0.1529 | -0.1013 0.050 6 0
3 -0.0948 | -0.0054 0.0109 | 0.0095 | 0.0278 | -0.0012 | -0.0247 | -0.0091 | -0.0128

1 -0.0506 | -0.0421 0.0355 | 0.0448 | 0.0623 | -0.0504 0.067 1 0.033 7 0

3 2 -0.1535 0.1272 | -0.0532 | 0.0674 | 0.1884 0.1530 | -0.1013 0.050 6 0
3 -0.0941 | -0.0041 0.0120 | 0.0078 | 0.0312 0.0014 | -0.0194 | -0.0106 | -0.0126

1 -0.0506 | -0.0421 0.0356 | 0.0448 | 0.0621 | -0.0503 0.067 1 0.0335 0

4 2 -0.153 8 0.1287 | —0.0495 | 0.0619 | 0.1903 0.1542 | -0.0932 0.046 9 0
3 -0.0019 | -0.0047 0.0134 | 0.0210 | 00269 | -0.0153 0.0042 | -0.0006 | -0.0070

1 -0.0506 | -0.0422 0.0356 | 0.0448 | 0.0622 | -0.0504 0.067 2 0.033 6 0
5 2 -0.1540 0.1281 -0.1081 | 0.1366 | 0.1894 0.1536 | -0.2045 0.102 4 0.000 3
3 -0.0017 | -0.0046 0.0134 | 0.0200 | 0.0268 | -0.0153 0.0040 | -0.0004 | —-0.0070

T ABIRGT Bus) P75 AL, Bus8 20580 2 M1, HAT RS 205000 8a. 8b.1, 2. 3 SRS M HIF R L1-3, L2-4 FI L5-8 &

it A AR BRI L TE 0.10 s BRI BRIORRER 6.



- 946 - PN S N - a4t H11W
RT WHEARF RTTHEER
Tab.7 Evaluation results of initial power system planning alternatives with large-scale wind power
P HLRROZR LA | L IBAS | BRRLRAY | BRBEIAY/| AR AAY/ | RTSEERAY | FERGBRY (arlein it rha Ay (10° 50)
A/(10°50) | (0*o) | (10*on) | (10° D) | (10° D) (10°50) | MW -h) | (MW - h) | A3k | SCHR[3-4177 %

1 84.26 10.94 167.27 18.12 3.77 5.37 187 844.06 2524.76 290.99 294.37
2 84.80 10.94 151.99 19.43 3.88 6.12 30733437 | 34605.88 294.46 278.42
3 85.32 10.94 155.94 19.95 3.76 6.27 763094.08 | 25262.27 294.81 280.22
4 84.26 10.78 168.46 18.17 4.25 41.67 219 868.64 | 37236.24 346.21 314.10
5 84.26 11.26 166.36 18.08 3.28 242 9122.15 569.26 285.94 291.07
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