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Power System Expansion Planning Model and Solution Algorithm
Based on Load Feasible Region and Reliability Tracking
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Abstract: Power system reliability evaluation is a high-dimensional nonlinear problem, which is difficult to
be nested into the power system expansion planning model. This paper proposes a power system expansion
planning model and its solution algorithm based on load feasible region model and reliability tracking.
First, it proposes an approximate distance model based on load feasible region, which transforms the
optimization problem of load shedding calculation required into an equation solving. Based on this, it
obtains the analytical expression of reliability sensitivity to components’ capacity and the reliability
tracking oriented to capacity. Then, it proposes a reliability-oriented capacity expansion planning model,
and a solution algorithm based on reliability tracking and greedy algorithm. The results show that the
approximate distance model can effectively reduce the computational complexity of reliability evaluation,
while the sensitivity model can accurately reflect the influence of equipment capacity on system reliability,

and the capacity expansion planning model and algorithm can achieve optimal system capacity expansion
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planning results.

Keywords: expansion planning; reliability tracking; load feasible region; approximate distance model;

greedy algorithm
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Tab. 1  Computational complexity of LFR, OPF, and ap-

proximate distance method

EENS/ TEAh

M R 5t R7S LOLP/ %
(GW « h™ 1) HfA]/s
RBTS T e ) A 1 0.98 1.06 733
BT AT AT Sl A5 A 0.98 1.06 151
I B 5 A 7 0.98 1.09 71
RTS-79 e e ) A T 8.48 127 690
BT AT AT Sl A5 A 8.48 127 64
T L) B S A5 HY 8.48 129 18
RTS-96 e e T A T 1.38 24. 8 1116
B far T AT Sl A5 Y 1.38 24. 8 24
T AL B A 1.38 25. 2 15

5.2 WHkREER
5.2.1 EEAMASRDAEME  JIK RTS-06 1f
EENS A §L4H 5 1t 52t e 45080 3 5 15 0 08 390 ot A
PRI 1 B 78 4550 1 T 4 45 5L % 0 O 9 R
S A5RS  HER  AEW ( 0 B B T G A
T4 4 A G B 0 AU B . DA 23 A BLAL Y
{9 FO ik R R/ K — 67 364 4. 43 31T R
O A2 LT 0 B B A2 2 SR SR D 7 A i 4
FA 23 A HLALA R K 5 MW 5 B9 R 48 EENS,
S UL 2 % TR I o 3 AL B R IR 5
CEIN RS RN S E S Py 4 g
010 EENS 5 3 {0 B 85 4508 10 15k 19 19 45 5
oI T 36 T 5 0 20 15 55 1 45 5 7 1 40 1
2 RYEBEVWAIEHIFHERTEL

Tab. 2 Reliability evaluation with sensitivity method

BTk 5k EENS/(GW +« h™1)  #%2%/%
R ERAL R R P AR Y 24.5 —
RIYBEBIA 24. 4 —0.8
ST ALFE B AR T R B AT A 24.7 —
R ARE A 24.7 0

5.2.2 MARSTEMBRE R RHEE

RURELCEENS X i A HLAL 2 & 1 REBUE Z )5 8% &
G n] SE PR AR DR B O AR A B B0 A A AL D
A5 BB ALA 25 i A T S M R G R U B 97 fir
N RBTS f4 o] 5Pk IR g 45 SR A0 36 3 fIrom.

() — 5 a5, L A [ AL 2 ) 2R A0 T LA 46 L X
R I8l — 19 0 28kl St S HOM A i 5 PL4
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Tab.3 Reliability tracking results under peak load in RBTS

5 i/ A o TEERERRER SR/
F PR A
MW (MW «h™ D)

1 40 1 —39. 31 65. 94

2 10 1 —70.74 118.67

3 20 1 —54.50 91.42

4 40 1 —39.22 65.79

5 5 2 —72.61 121. 81

6 5 2 —72.64 121. 86

7 20 2 —62.90 105.52

8 20 2 —62.71 105. 19

9 20 2 —62.94 105. 58

10 20 2 —63.16 105. 95

11 40 2 —49.03 82. 25

HELAT — 2 1 X)L X U8B RS R 9 6 e 3 5 L R R
PR IR B 0 25 AN TR] L 5 AN P T U (i £ o7 2R A7 AT 5 Pk
Ak, T BE TG ik 1k 2 S5 fE i B R 2.

5.2.3 We AR AT TEERE RHTEAH
JERIRR I EENS XF BT A i H 48 25 1 1 2 0%
Z )5 - BVAT A5 B By Fi 2 B A A AT P R 45
BRI A AT R 9 RBTS 34T 28 B% 78 vl 52 1
PREE A5 RN 5 iR, 5L 2 & 0] Sk R BN
[) s N [ 20 1% 1) 25 o 7T S PR IR BR A5 SR 22 AR, R
J2 P H R B 7R &R G A Hh P 0 RN T B T ok
E 1.

£S5 BEATTRBISZHAETEMHRELER
Tab. § Reliability tracking results for transmission lines

under peak load in RBTS

A5 AT 5 PP Al 2 AR v 2 A AR SCRY L TP 3 A () AL
2 A A B RO B0 AR R 22 R ol S R P AU B
BEALYE 5 2.

N T a2 AT A P R A AR R AR g
(MR AT I (B 5 M N RTS-96 (1 HL2H 25 &t ] 5
PEERER. [R] T 0L B B A RN R 4 JL 1 F ) R e ]
FEPEVEAL BT 75 00 11 55 I ) L il AT LS B i — 4R
8 760 h A2 iy AT A PR R . 3R 4 Fros O ] S M R
BREE R A KA R /MK 5 5 LA H i A 45 2% R g
s 1% 18 4 b S 1) T SE PR BR R W] LR YL B i A
Gy i Al S P R R 9 SR 5 A 25 R VA (L A 1) T S
BRI 25 2R L 0 18 DA K 22 8 = ML AL HEF B A B

R4 RTSICHARFTETERREREER
Tab. 4 Reliability tracking results in RTS-96

wiE Kk A P R B G R/
=2 N i, R
R R (MW« h™ D)
1 1 2 —3.03X10 ? 0.051
2 1 3 —3.54X102 0. 059
3 1 3 —3.54X102 0.059
1 2 4 —1.38 2.305
5 2 4 —1.38 2.305
6 3 4 0 0
7 3 5 0 0
8 4 5 0 0
9 5 6 0 0

% L& A B for % By
WE g TEERERAR REZ T
) (MW « h=1) ) (MW« h 1)

1 94 273. 84 60 284.63

2 62 271.83 90 281. 45

3 92 271.57 91 281. 28

4 60 271.43 93 281.15

5 61 271.43 94 281. 14
95 24 149.01 56 97. 80
96 57 147. 82 22 97.71

97 89 147. 37 55 97.12
98 56 146. 88 88 97.06
99 90 144.73 23 96. 51

RBTS BLLE A 5 o, L9 52 R Bl i%
LA 71 MW, IR $H A 2 R 2 LA A (o] 28 g% 16
%5 6 5 L 20 MW By TR, 27 9 5 2RI R AR
B, HAE R 1 BN E TR XS 6 5 15 i i 20 MW

2x40 MW 1x40 MW
1x10 MW 4x20 MW
120 MW 2x5 MW
RS T2

20 MW
T3 iRl 4

l l4o MW
— WS

Tzo MW
— A6

Tzo MW

K 5 RBTS HZ K
Fig.5 Line diagram of RBTS
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H¥r T R 25 R o 72 v, — AR S % i
B MLLH 25 5 o 7 2B i P 4 it ) 15 DL R D
5.3 DUAEMRANBHENBARET FNX

g T SRR LA AT SRR Ty H bR 2 R R 4 A
o T 500 B D0 A SR SR 1 Y T AT L SR LI
fH AN RTS-96 #EATH 2 M A, R & fF kLA =
BN 6 pion . I A MR WA & ok 10 /20T, &
AT P49 25 A0 A58 78 R SR Ml B R i ok i v B Ik
AR A7 R NE 7 FroR. 5 22,46 F 70 Y
HLZH 25 5 5% 28 40 1T 8 M 52 ) 48 KL fF 6 Rk AR i 2
oL FEEONIX 3 AT I R LA Ee A G R A A
22.46 1 70 A& 50 MW HL4.

xo6 HAMUWFENA

Tab. 6 Generations to be selected

PLEH PLA A/ MW RT[FR BEH A /LT
1 20 0.099 1.5
2 50 0.095 3.0
3 100 0. 040 5.0

RT FEAYRBRBEATRE

Tab.7 Solving process of expansion planning model

AR HLLR % %5 p %4 EENS/ B HA/
WHC pld L2 B3 (MW-h™D f25¢

0 — — — 24 972 0

1 22 — — 21 808 1.5

2 22.46 — — 20 950 3.0

3 22.46.70 18 396 4.5

4 46,70 22 — 16 094 6.0

5 70 22.46 — 13614 7.5

6 22.46.70 11619 9.0

T k20 B T AR A A AT R L RS BT A F
307 &5 HARILFR 23 3 /5 50 MW HLA 3~
BT GRVEATXE L. B R e B 3 O 5O SR UKL 1 A
SR A B K B JR 7 e T B 9 T R N HE A SR A
B 6 Fros. T LAFE 5% B 4R A5 A5 2] ) 7 2 ML)
Jr %, ARG EENS $8 4R e MK, UE WA T B 48 41 %t i
i A AT RV R R A Y A E B L IR T T SRR

TR A AR Y R SR g SR L R R AT M (BRI A L T
PE XS A RN TSR TR RERS
EENS X 15 £ 25 2 (1 72 650 B 450 A0, PR Jt R FH 32 455 78
HEATY 25 FL A 2ok AR o, AT LA IE EENS G5 ) 5
1% B TE B AAIE LOLP 3k 3 S A%,
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Fig. 6 Reliability comparison of different capacity ex-

pansion decisions
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Fig. 7 Reliability comparison of different capacity ex-

pansion decisions considering all scenarios
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Tab. 8 Reliability evaluation of provincial system

" EENS/ A Sk 4G
Fo Y LOLP/% )
(GW+h™ 1) A 1] /s
e U 0 A TR 0.331 1.187 5112
PR VECER-% R 0.335 1.203 620
R — 1. 203 <1

A LA 5 3T 0L B A AR ) D7 Ay B (] AR e fE
WAL 1200 AR SR B AT B RS, HL R
JE A5 TR 1 26 PR AL AL AE RTS-96 Mk & 45 b — 3. %
B B L AT L B A R R T A R B AR R W LA
TR RS, A B4R T4 k.
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