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Table 3 Comparison of simulative results of planning

schemes for IEEE 118-bus system
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Source-grid joint planning of renewable energy power system considering
flexibility and economy
CHEN Zhanpeng',HU Yan',TAI Nengling', TANG Xiangying', LI Lingfang’
(1. Key Laboratory of Power Transmission and Power Conversion Control,Ministry of Education,

Shanghai Jiao Tong University,Shanghai 200240, China;

2. Yunnan Power Grid Co.,Ltd., Kunming 650011, China)
Abstract: The traditional economic planning method cannot reflect the system flexibility,so it is difficult to
meet the planning demand of high proportion renewable energy power system, for which, a multi-objective
source-grid joint planning method considering the flexibility and economy is proposed. The flexibility demands
of both the source and load sides are analyzed,and quantitative evaluation of power source flexibility and
power grid flexibility are realized from two aspects of power balance and power transmission. On this basis,
comprehensively considering two flexibility resources of power source and line,a bi-layer joint planning model
considering the flexibility and economy is established. The upper layer is multi-objective optimization deci-
sion making of planning scheme,which realizes coordinated optimization of source-grid flexibility and econo-
my, the lower layer is multi-scenario operation simulation, which quantitatively evaluates the flexibility and
economy of planning schemes. The case results of IEEE RTS 24-bus system and IEEE 118-bus system verify
that the proposed planning method can effectively respond and smooth the uncertain power fluctuation of
renewable energy power source and load, and improve the system flexibility and consumption capacity of
renewable energy.

Key words:power system planning;flexibility;economy;joint planning;renewable energy power system
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B BB e A2 5L IEEE RTS-24 1 S RS &1 S i i) 3 15, R 50 figar 3 8 550 MW,
|IEEE RTS-24 i 5 R G5 rh % S RIS ST 42, R IR IR A A 1.5 X 10° $/km.,

% B1 IEEE RTS-24 I s REHHIZITEH
Table B1 Generator operation parameters of IEEE RTS 24-bus system
e RKH b e 2/ B R AL

MW MW (MW<hT)  ag/ [$*(MW?h)™] by / [$*(MW+h)™] g/ ($°hM)
Gy 1 576 172.8 86.4 0.014 142 16.0811 212.307 6
G, 2 576 172.8 86.4 0.014 142 16.0811 212.307 6
Gs 7 900 270 135 0.007 170 11.8495 832.757 5
Gy 15 645 1935 96.75 0.007 170 11.8495 832.757 5
Gs 16 465 139.5 69.75 0.008 342 12.3883 382.239 1
Gs 18 1200 360 180 0.008 342 12.3883 382.239 1
Gy 21 1200 360 180 0.011 300 4.4231 395.374 9
Gs 23 1980 594 297 0.011 300 4.4231 395.374 9

Gy (RH) 13 1300 0 — — — —

Gio OB1K) 13 900 0 — _ . o

G (AH) 22 1100 0 — — — —

% B2 IEEE RTS-24 T R &G RIEMHEBIESH
Table B2 Flexibility power source parameters of IEEE RTS 24-bus system
A FR B
A HUA A E 2 5 /IMW eI/ (MWeh?)

ag/ [$*(MW?+h)™] b/ [$*(MW-h)™"] cg/ ($°h™)
12 100/200/300/400 0645158 7 0.025 10 2123076
17 100/200/300/400/500/600/700 0.6 & 75 0.014 30 212.3076

T W 12, 17 MRS IR R A BN 1.510°, 5.0<10° $/MW.,

TR TT FAERR 750 % 20 ) R R R F e (1) 5 FEM RTEVE F o (t) 20 B B . AT AR H
ES AR5, Case A RIGEVEMRITT R B HIE R IEVEIR 4T Case B &BHMERIRITT %, MR/ %k
B ZI4h, Case A IHE R iE MBI T Case B. X Ui B EAR Case A [ R id MR 5 380 T d A,
R IR 2 48 RIS R T ATt
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HAtss . ok, XFEERH TR 120 AR H DI HIR H, I Bz B — R ffir
AR B, N PREE v B AR RRIR BTH AN, & KAL) Sl s/ H JPIRES, okt N =y g
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Table B3 Comparison of simulative results of IEEE RTS 24-bus system planning schemes

R BRI RGUE SRR B Fisfr I
WS MRIT7 %
bR Ei=pa SIS HAIS HAIS HAIS

le10=1, l76=3; l1113=1, li14=1,
A 1141672 l16.47=25 l17.29=1, G1,=300 0.564 3 0.685 8 8.409 8x10° 2.62410 8.147 5x10° 0
MW, G;7=500 MW

|1,5=1, |6,10=1y |7,8=2y |11,13=1y

B 152571 l14671> his21=1 hisr =1, 06111 0.750 9 8.377 4x10° 2045x107  8.172 9x10° 0
|21,22=1y G12=200 MW, G17=30
oMW
|2,6:1y |4,g:17 |5.1o:1; |7.a:3;
c l11.15=1s l12.95=1 5 l14.16=2> l15.16=1, — 0.620 0 8.728 1x10° 1.462x107 8.581 9x10° 1.762x10’
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B AR 2 R IEEE 118 H M ARG & A 2 1%, HABSEAL, RSG5l 8 484 MW.
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Table C1 Operation parameters of thermal power unit for IEEE 118-bus system

) RAH B n@i}i%:ﬁ Ty R R ﬂ@ﬁﬂ T BRH B n@iﬁii
HIMW MW (MW<h™) JIIMW  JIIMW (MW<h™) HIMW MW (MW<h™)
1 100 30 20 42 100 30 20 89 707 212.1 141.4
4 100 30 20 49 304 91.2 60.8 20 100 30 20
6 100 30 20 55 100 30 20 91 100 30 20
8 100 30 20 56 100 30 20 92 100 30 20
15 100 30 20 59 255 76.5 51 99 100 30 20
18 100 30 20 62 100 30 20 100 352 105.6 70.4
19 100 30 20 65 491 1473 98.2 104 100 30 20
24 100 30 20 70 100 30 20 105 100 30 20
25 320 92 64 72 100 30 20 107 100 30 20
27 100 30 20 73 100 30 20 110 100 30 20
32 100 30 20 74 100 30 20 112 100 30 20
34 100 30 20 76 100 30 20 113 100 30 20
36 100 30 20 77 100 30 20 116 100 30 20
40 100 30 20 85 100 30 20

TE: AR ag=0.05 $/(MW?2<h), by=20 $/(MW*h), c,=0
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Table C2 Renewable energy power source parameters of IEEE 118-bus system

AR FHLAE MW H R A AR FEHAEIMW EHIE AR W YR EIMW H A
10 550 R 1 54 148 AR, 1 87 104 Jefk 2
12 185 R 1 61 260 JAF, 2 103 140 Jefk 2
26 414 R 1 66 492 JAF, 2 111 136 Jefk 2
31 107 Jefk 1 69 805.2 A 2
46 119 Jefk 1 80 577 A 2

% C3 IEEE 118 TR ARG EMKISH
Table C3 Line planning parameters of IEEE 118-bus system
LS H R LS AR 2L T BRI e RE AR
1 1-2 10 26-30 19 59-63 28 69-70
2 3-12 1 27-115 20 60-61 29 75-118
3 5-8 12 30-38 21 62-66 30 76-118
4 8-9 13 32-114 22 63-64 31 100-103
5 8-30 14 37-38 23 64-65 32 101-102
6 9-10 15 37-39 24 65-68 33 105-108
7 12-117 16 37-40 25 68-69 34 108-109
8 17-30 17 38-65 26 68-81 35 109-110
9 19-34 18 49-66 27 68-116 36 114-115
TE: LREERRAS N 1.5X10°$/km, ZREKCIE N 10 km, ST EE 4 K4,
# C4 IEEE 118 i R ARG RIEMERIFEMXI S
Table C4 Flexibility power source planning parameters of IEEE 118-bus system
Tesl T LR B PRAREL
TR BB E 2 B IMW
(MWeh?) IS MW ag/ [$*(MW?+h)"] by/ [$*(MW+h) ] o/ ($°h™)

8 100/200/300/400/500 0.6 75 it 1.5%10° 0.03 15 0

27 100/200/300/400/500 0.6 75 it 3.0<10° 0.03 5 0

55 100/200/300/400/500 0.6 5¢ 25 it 1.5%10° 0.03 15 0

70 100/200/300/400/500 0.6 75 it 3.0<10° 0.03 5 0

85 100/200/300/400/500 0.6 5¢ 25 it 1.5%10° 0.03 15 0

110 100/200/300/400/500 0.6 75 hit 3.0<10° 0.03 5 0
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Table C5 Comparison simulative results between planning schemes

~

HERIENE MR RGELRR SRERR FEBirmEs F

WS 77 % 15T A
™ it ER P A% BAI$ $ /

I5.8=2, lg.9=2, lg.10=2, lz6-30=1, l30:38=1; l37.38=1,
lso.63=25 lgo-61=1, le3-64=25 lga.65=2, les-68=2>
Case 1 leg-69=2» leg-116=1» l105108=25 l108-100=25 l109-110=1, 0.7143 0.487 4 8.104 7x10° 7.50010’ 7.345 7x10° 0
Gg=100MW, G2;=300MW, Gs5=200MW,
G70=200MW, Ggs=200MW, G13,=200MW

I5.5=1, lg-9=2, l9.10=2, l26-30=1, l30-36=2, l37.38=1,

lso63=1, lg3.64=1, loss5=1, les.ce=1: leg-60=2>

Case 2 lgg.116=1, Gg=100MW, Gz=200MW, 0.748 5 05189 8.035 1x10° 6.11110" 7.424 0x10° 0
G55:200MW; G70:200MWy G35:100MW,
G110:200MW

VE: lsg=2 RIRET S5 5394 8 Z B 2 M2k, Gg=100 MW F£IREY A 8 4b#i A 100 MW RiEVEHE Ik .

SR RPN L5 3, D DR BB EN X W] y45%, A FA2 BEYR HH 77 B L 2) X 1]
NH5%; BN 4, SO DR BEALR A IX R 940%, F] #RA42 REUR H I BEALI S [X 18] 5 430%.
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Fig.C2 Random operation scenarios
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