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Improvement Method for the Renewable Energy Sending-end Power System Thermal Stability
Transfer Capacity Based on the Modified Dust Effect Model
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Abstract: Under the large-scale renewable energy integrated with uncertain output characteristics, balancing
the supply and demand within a local area becomes a new challenge. The long-distance transmission and
consumption scheme is utilized for the sending-end grid to meet the requirements of renewable energy consumption.
Within the constraints of thermal stability, dynamically improving the transmission lines' rating capacity has
become a critical method for the sending-end power grid. However, due to the insufficient thermal stability
calculation model, the existing improvement methods have the problems of significant evaluation deviation and
narrow applicability in the practical application of the sending-end power system the improvement scheme usually
needs to be customized and modified for specific line. In order to solve above issues, firstly, the influence of dust
corona heating on the thermal stability transfer capacity at the sending end was analyzed,and an improved model of
line thermal rating based on the dust effect was proposed. Furthermore, considering the uncertainty of the dust
effect, a calculation method of dust effect control parameters based on fuzzy analysis was proposed,and the thermal
rate capability calculation model was improved. Finally, combined with the meteorological forecast, a scheme for
improving the thermal rating capacity of the renewable energy transmission power grid was constructed , which can

be analyzed for multiple lines simultaneously. Via the practical engineering case of the Ningxia power grid and the
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power meteorological forecast data of China Electric Power Research Institute, the effectiveness and applicability

of the improvement model of dust effect and the improvement scheme of multi-line thermal stability transmission

capacity were verified.

Key words: renewable energy sending-end power system; thermal stability transfer capacity; dust effect;

thermal balance equation ; improvement method
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Fig.1 Transmission line homogenized model
considering the dust effect
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Fig.2  Corona heating power at different dust concentrations
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Fig.4 Corona heating power at different relative humidities

1.1.4 VA R B 2 T R G

S5 FLIMARIRBEV AR P ATk
2 SAHRHRE AR A A, H =8 X
SN AR LR G, A5 VD20 R AT HE 2 s X
SEAI R S AT

P=a-n-r,/ -e"™ (1)

At PR RS Wi, R DT
mg/m’; r, YA KIAR  mm RH N 25 SO X JE
a,b,c,d ¥ NHEEL



FRE AT R 20w B AR 0 AT A TR 2R I B AR AR S e S 3RS R

B AR 20255 £ 554 F ol

KN ZREX (D AT 153
P, = 0.19n, "%, 0% 0574 (2)
A 1 2 A PR o0 B 45 SR X B U ] 2~ &
4, 0T LI W A R 2B, T LA 2 TR
1.2 EFAm iR e Lmee iR s
P ) 4R 2 2k B 3 ok FH Morgan AR A 45
X PR SR ROER L R BROR R g AR E Y
RO o 27 Morgan B A | 2% JR2R % Ry SO AR

B ) 2 TR B P R B AR A T PGP A
JitEN
P.+P =R, +P, (3)

Ao PO RS BRI 385 PO WU BRI 55 P,
i H BRI Ry, R R AIRLEE T I I A8 I 4%
L BEAE ; o 8 o

8 L P IR BV AT R P T e Y
PPl R B AN S B HOPA 5 ARy

P.+P, =IR, +P_ +aP, (4)

AP a WG S MAFTEV AR I, ZHUE
Ml

feE H g A

R R e
5 HTRE I i A s i vl R AR -7 0
Fig.5 Schematic of thermal stability balance of overhead
transmission lines at the renewable energy
transmission sending-end
RSB I R P IR
T, +273 T, +273

P = 178D [(— o) = (00 )]
(5)

KD FLEL e HFLREHBIMNRE, e
[0.9,0.951; T, > 54 J&] 1Bl B - 24 1.
XTI AT 2 P TR
P, =AE,w(T, - T,,) (6)

Hrp
E, = 0.65R} + 0.23R "
KB, FRRFIEG R B
H B AT P AN T
p . =pJ..D (7)
S B AT H 2 R I R
R, WA AT

Ry =(+Ek)R, (8)
R, =R, [1+ o,y (T, —20)] (9)
Ay K20 CHE S LM R E R R, N
20 CH 1 B T 26 L BELAE 5 &, R B IR AE0N R 88
13 e mANREFHSHITE
LS Y SR VAT - E AR LS|
HAER, L, AT B e U AR A R A A
— RE T (KRR P AR e M A SR AR
GIMTTIE, LA 2R R RS b AR U
TE AR I, R 5 TE LA 22 Pl AN S5 0 4225 i
FL 2R VD R RN AN R o R FH 22 4 S i pR A
K PEHI Z I ZE 5V R0 Z B R .
Jo SRRV AR R TR AT B RV A i
REER Ny v I T 5 R 1 S 8K o B
PRAKIE . BITAG iR RE 6 > E IR
1) A5) 52 W) i FRL R U0 A2 00 1 1T A
Eg
2) R S e iy Pl 6 B VD 2R AR PPN B
3) P SR IR BRI PR AN 4, i 2 G A1
AR Z R SRS R T BN R
4)FET IR 3) (SR S AR I 1 0l L 4 I
SRR, TR T o
5 ) Py A P 2 S v 2 A5k B i PR A T A
6)FET AR 3) S5 J@ BE PR 405 SR R A T 5) AL
A WA TEM AR . RIS /45
B4 R BOE By PR B4 o BUBEZE R .
FEASCHFGEh , BB AR R H#E
i LR B VD A RN 1 TR R A U A X H TR
wy IR i HL B R PR BT R w, T A DX 5K g IRk
wy M I TE X S50 1 XU
P4 10 55 R LS PRA LI 2, SR 40K
22 RS PR B, R 22 UK 18 s B A 2
i o TEARSCH K B i e 4 B 1 VD AR N DAY
EHRN R 4 V={o, 0,050, BB T v~
PRURT R 25 5 W0 E (o, ) 8 1R R T B () — B
) 3£ (og) R SZ 0 B (v,) o PPH S5 R S ALY T
2 I B — 5 G 2% (X Hi L 28 % 12 i E 0 1) 45
AHREREZREE, MR 1R,
*®1 S[FZAZEGEMNES=L

Tab.1 The effect weights for multiple meteorological factors

R K HES-8'4 FEJE /K HED-9'E
[0.1~0.3) i [0.5,0.8) =
[0.3~0.5) — i [0.8,1.0] =]

75



wAAES) 20255 HS55K o

Z‘T‘if':gﬁi%;:g

W R P AR A 4G BT AL R IR R AR AR B At ) SRS

25 DRI 3R N 2 BV A B8N 5 e B AT AN [, A
LS B BEAOR AN B R 1 R4 2 75 25 26 it L T 119
RN W I RIS N T e 8

XoF T iy L 2 B VD20 800 5 ) R 3R A AR A=
la,,ay,ay,a,), W5 BE38 3 TR 45 PR AN 1 7 =X
R e WA G R R R AR B VD 2R
JIT o5 R PR . AR SR B )23 YR 3 A 12 ke Ak B
BAGHRAE, R en R 2 )2, Bs
JZ R i LR AR AR R T AL, Sy BT JZ
AT S 2R B AR e I AR IR R R AR
i e S e A A

DA [ 7 5 D Y Sy 401 G X ] R
AR R O N i T s d L Al
=B N  RONAG T SIVEA§ A DN
VUL Wk, 5y i AP AR RN o B R SR A
LRI VD ARV 1 PR R AR U ={58 06 1 000 W/m?,
PRI R 36 °C, KX 6 mi/s, PHIL KU NW; % &
M EVNZ LR WMACE , V88
RO 45 R={0.7,0.8,0.7, 0.9} ; 5% i PH 254X &
£ 4={0.23,0.35,0.31,0.11}, % Al 15 4 ik
% F B=R°A=(0.161,0.35,0.757,0.192) , B Hl #%
KAE K 0.757 , BI B A B 52 e B2, i LA#5 7% )8
VB 2R ON 52
2 HRRRIBNT %4 & RAME

WAk RSk

T A A 1) DLT 741—20104 48 25 iy v, 26 %
EATHLRR ) TR RLAE B0 s i H 2 B T e K AR 1R 2K
it £ RV A H 4 B AR e AR e 0 ) TR 4%
PR < St Jr A 9 PR UL B 40 °C, KGR 0.5 m/s,
HE 1000 W/m?*, H225 £ I T FR 4 R 70 C. X T
KL ) RGNS ST RE IR K A I BT e IR 4
A HL ) R G0 T A X I8 22 2% i L 4R I B AT IR IR
T RE | RGHRIG R B AR 1 38 2 AR T Rk 45 1
() SEPRIBIT IR, XN SR BN S IRTIE T T4
B o PRIUE, X 8T e IR MR 82 A (3% s L ) R 4E
22 iy L2 i PRASAE T e ) B T SRR T TR A
/(I

D ARPE BT RE IR SR ARG O, 1 5 M B g
TR A DX A v R s AR i 28 BB 0 32 BRSO L 2 B
IFEZ PR 51 %

2) FR Uy FL 28 B AF S 11 8E LA K RE TR
B2 T B

3) 4 B DX 3EOBr BE VR O . 2R RE VR Ak
76

TR AW B, e85 BE IR KA DX ek A G B 52 FRZK
e, HEAT PER A TR T8

4)7% S8 BRE I T AL TG EE , M L 2k
A T 2 SR VDA I R

SRR LI 4) a2, 455 50(3) iRz
IR i P £ % 1 T BE S B T 25 [0 o Ok — 20 o0 A
e BEHEAT B IRV A I O ) 22 2k s AR
T+

6) AR A IR 5) il oL 2 BB 1 A TR/ 2 4R
GRS AR T A5 0], BE— DT R E AR E
KA, KRR AR T I B8 s S AR 25 TR 7 B4

CIEFR
s A SR e RS T N PO E NS A - Ny S
Kl 6 s o

ST L R 32 R
ez BROG R 542

|

DU AR IZ
1T Bop U5 s 15500

Wi BRI T

LR AL ool

AT IR
LB VDA 2

T
ZAB I
IR FHE T it
iR

DRI T

L AR T

g Sh

BTHAERAT
eV

N }

DL HMERTE
e R

LR IR T R
Tretae i

PETHEEREAT
EARRERH,

R P
AR THEE A

[El6 2R HAFR AL i R ) S Tt [T A0
Fig.6  Transmission line dynamic transmission

rating capacity calculation method
3
3 HHIHAHT

O T Bk R T U A A AR TR A R RE R 0 Y
HEL 190 i Pl 8 B AR E A% i BE 0 B T D7 S8 1Y IE Ay
PEFIAT R, AR SO I T 3 06 S FRL ) —— T &
FEL 5T RE IR T A IX S92 B a5 5 dh ¥ o A 5407«
Hi L, 2 S i 2 O TSR T R



FRE AT R 20w B AR 0 AT A TR 2R I B AR AR S e S 3RS R

wAMES 20255 554K Fo

B & 19 PSASP 5 ELERF R T 4B o BT
5T T E R 2022 4 10 B R SEBRiE T R
BR HTREIR S EETE I T X LT o
3 TEFREBRLCERBENSHERZHNX
19 FE I AR B H
TR L R T(ZW ) Hi X BE R % R R
PR N AR 7 s . ZW X fE T E VA R,
T B HL I BE VR KRR 2% H b — | B VR B
FEHLZA 7R 5 030 MW, Hid XU 2 530 MW, Btk
2500 MW, HTREERAE IR b E RRFHER 2.

YL‘I)

BT B 0 ZW i DR REI% H R # 2R 4
Fig.7 Ningxia power grid ZW area renewable

energy sending-end grid structure

3.2 TEHEMITEIERE S XISEMEREE

WHE 7 Jr 7R, ZW 3 DX 87 B R 4E X (4
XSF, SPT, JCF Pk J NSS XUHL A5 18 .40 ) R FH X
HI A RUAE K 287, 77 2 L I T i@ 330 kV REZR T A
F 20 [ S ARG SR, A% 7 a5 H [R5 45 6 S s
FR R RAME LS R AT SRR . SO
VEE T 535 e IR S T 9 A S Y G Bk s, Xk
BRSO SR L PR A T AR B . X T XSF
55 SPT XU 3 6 |l , G Hh ) 3 32 2l ik ZW—
SPT X [F] £k (T FR K ZP XURIZE ) , UL % DBDC—HH
T AR I (TRTRR O DH 2k, X 107 (8] 7 A ] v () o7 B
TRAD S AHE L)L AE 2 SPT AR 22 3 T M 4R 4R
K (B 7 AR Zeig ) . BEAE YSQ T 1) XSF L)
e SPT IRUH 3 455 BE IR 70 i BRI i K, 2P W
MIZE  DH % Hh 2 S84 MO s A0 in &, A i 24
DX JaHT FE R AN 1 DG B

HET, 75 ZW L [X ZP X [nl £k HH 2845 330
kV HL R SR L R 2 P 4 B b RLZH 5 B A
Ao X ZP WUIEI K, HLW [a] 2k b o R AR A
R4 R, 572 0 5 K4 Z60b 3T R LGI300; % T HH

2, HFE B KM T 5 ZP L AR TR, ¥
LGJ300. LGJ300 P15 ik 45 14 T L 1 i
K] L T R 690 A, BALR B R R AL i 25 S
962 MW ( % J& & 4 Fa 8 B W 1 o KAL i 45
). Bl K EY ST ,ZP Ll ) HH % 2 54k
FEANTH i PRES PR A
33 EEDAYEZW KIS KRIMESHT

AR SO o L T B AR ST B A L RS
R X ZW H X R TF VD A 8O0 B . BE SR
FH B R EREE 25 A B A% 53X (NetCDF) o 4%
RGBSR T &R A BE] 70 moE A R
0 m = AL (2 m S AR 2 m bR B R
M HAFE 828, W TR, R ArcGIS {44y
AT X A BT RE DEM AR 3R F Python
TERETEAN Dy s s 5 #r o

BEXT 2022 4F Jy S G H A o BB T TR
F XA 24 XU 0 A L, AR 8 if o TR £ ZW
DX IR AF S 24 XUGH 7E 3.0 m/s DL b, R 7 B XU 4 g
X (7 AR K A 2.3 w/s, AL E KX B
IKZ 1.6 m/s) , W 50155 & VD22 B 2 IR N o [
i, ZW 35 v 2R 85 1 0 AR EE B0 AR T3 3 v {E (0.5
m/s) A3 BER BT, X B ) R A AR 25
G I, S ASHE T A AR

>z

A B R (m/s)

. 4.6~6.0
E3.5~4.5
2.7~3.4
B2.3-2.6
J1.6~2.2 (:gl?(m

B8 JETF ArcGIS g3 SLHL I 2022 45 1) KU ]
Fig.8 Annual average wind speed map of Ningxia

power grid based on the ArcGIS

DA AR AR R 322 H b, 22 A il 4R

BN 9 FIE 10 s . 2530 BoR , ZW M X 4 i

SR KAE 37.5 CHIELAE T H 7 H 16:00 i 17

H 29 H 17:00 B, 4F B K B KB 10.8 m/s 3

13 H 6 H 15:008F 13 77 H04:008f, Hit,
77



WA AR 20255F 554 F ol

%f’:g%’%’;:g

W R P AR A 4G BT AL R IR R AR AR B At ) SRS

PEBUAE AR K H (7 A 7 H W) FAE B XU
WA H (3 H 6 HEWR) B IFEBIRAE . X
AR RUGEAR K F MR 1.3 75 VA 00 T T v
132, B=0.912, BEXT T V022 A7 & 5 i B2, 78
R 5 SR UD AR RN A R I A T s e, K (3)
TR AR ARG S 8 a=1., 1SRRI,
SRR H 7 AT H, Ky So A S 2

B=0.43, VLR M — 8, I a=0.,
50

40 JRIERAA 4375 °C

1107329 H 17:00
30

o
13
=3

EIO

RIE/(°)

0 — MR 2k

==30°CSHLk

P19 TS ALIN 2022 45 ZW b DX AR BE LA 43 7 1]
Fig.9 Ningxia power grid’s annual temperature

data analysis results in 2022

12
o XUk fiz K AR A5 10.8 m/s
10 i 8103 07 H 04:00
~ 8F
»
£ o
=
X 4T
2._
O_I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SO SIS S
QORISR
SISV VSN]SR NS00S0
““%%V@%‘vbb'\f\%%QQQQ\\’»’\»
FIIITIITIFFILIISTIT NN NN VL
P& I P PP PP PP PP PSP
NN NGOG

10 75 HL R 2022 4F ZW Hl AR B2 XU S8 23 B
Fig.10 Ningxia power grid’s annual wind
speed data analysis chart in 2022
34 XimEE WEELERREA S
3.4.1  FRZEFKEETHRT LA
E-%t3 H 6 H R4 15:00—18: 00 XU Fisf [i]
BT 01, 16:00—17: 00 R[] B P 42 B 45 15
min [A]BEECHE , JLAS A [A] BRAEF 1 h R] B 4icHE iF
T A$ETF 2 M b . SR T as R an A
110 7R
ATVE S, Y H KGR, ZP R S bR fg
iy 7% A RS B PR L FR (425 MW) o SR &R
SRR EIETH L, v E I 15:00 JF 4R 2 18:00
B[R] BE P, A% i 25 W] ORREAE 450 MW D ek
78

A SEI 493 MW (B 545 1 (16:15) . AL 16: 150
21 422 MW 52 bR A% i 25 2, 7T 55 91 16.8% WY A& i
F AR BT 0 L RV AR RN M S AR T 7
- 10: 00 B J , HA 2525 ()32 3] 1 BR 45, e/ ME H
PRAE 13:00—14: 00 B[R] BL P, AT 4 25 ] 5 L AR
TR RN . 2 Wb RZ ), A S R AR
PLAE 16:00—18: 00 M KRR [] B P, A 25 245 ]
[FERESZ IR . %FEE 17:00—17:30 (RS2 BriG i 75 5
SER AT HET 12.3%

7H 7 HiZ A BRI, 2B LIS min
GBI , T AR 285 A~ 43 B s, PEAH Bl A4 T L
SR mE 120 R, FTEERNE, M4BT H
HILZP 1 24T T 4 ooty | 2R B e KRR 45 i
AT T, E35500 MW, ATAER], i TiZH
IR, Y H i 2R AL i 2 ] R TS
[ AR HE R RH B/, 7 H 7 H 11:00 5E Pri& i 75
482 MW, B B AL 7S e it 45 R ol 514

H T e L
MW, IT$2 T} 45 5 6.6%
550
500}
450}
L N\
400 - o
Z 350
g
*’j" 300 16:00—18:00 41 %3
= - —
250k ZPE-9bR sl ~_ L =
200+ 425‘- -
400F
150} v
" 16:0016:3017:00 17:30 18:00
01:00  05:00 10:00 15:00 20:00  00:00

I %]
11 7P £:2022-03-06 H £k ki A ik shZSSRTH0Hraf 2R
Fig.11 Line ZP I DRTC results for March 6",2022

600

ER AL e K R
£

7P | &34 T

500

7P 1 &
2501 400

200 3

00 LL R B B B B A A |
04:25 05:55 07:25 08:55 10:25 11:55

15000:00 04:00  08:00 12:00 16:00  20:00  00:00

I 2]
B 12 7Pk 2022-07-07 H 2k % A i sh i S T 4 A 2R
Fig.12  Line ZP DRTC results for July 7*",2022

3.4.2  XEFEPEFXS AT

X R ER K H (3 H 6 H) , HXGE R L
FE B G045 ZP XUl 25 % Rl BERZ i T DH %
B . B IL, SR FHAH RS , 6T DH 28 BT
iy LR B AR S A i s SR TR, B R U AR N




FRE AT R 20w B AR 0 AT A TR 2R I B AR AR S e S 3RS R

B AR 20255 £ 554 F ol

RS SR TS R K 13 s . W H L Sh
Ay, HIZERL | 11:00—14: 00 By 7] BE
W, Z VDAV S, LR 78 25 (8] 32 8 T BRI, 5k
ARG A TR A IR AL ST A (425 MW) . 4R
B B A FET S IEXS AN R 2 R o

A DLE B, A T RO 2 iR 2R RO
P4y AL PR R AR R X S e i ] B4R T /N,
JESEBRVP AR BB O, TS R R

500

450+ W

4001 DHZ-shA&MESMT  DHE-WRHE DHZ % [ b4 B A U 5
350

;300-
@ 250+ 16:00—18:00FF 41 &4
= [ —
= 200t o e oy e e
150k DHE -5 b
100 3000, T L L
16:0016:30 17:00 17:30 18:00
50
P S S S S S S S S
01:00 05:00 10:00 15:00 20:00 00:00

if Z1
K13 DH%k2022-03-06 H 4 f& i 7 ta sh A HE T 0B s 1
Fig.13  Line DH DRTC results for March 6",2022
R2 BLBITRAMLRIL
Tab.2  Comparative analysis of multi-line
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