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Optimization Dispatch Strategy for Multi-park Integrated Energy

System Based on Spatiotemporal Correlation Pricing Mechanism
CHEN Jie',ZHOU Zilong' ,ZHANG Qiaolong'*, NIU Zhewen?, XIE Liwei®
( 1.Xiangtan University , Xiangtan 411105, China;

2.Taiyuan University of Technology , Taiyuan 030024, China;
3.Changsha University of Science and Technology , Changsha 410004, China)

Abstract: To address the mismatch between supply and demand across parks caused by the spatiotemporal differences in
energy sources and loads within the multi—park integrated energy system (MPIES) , a two—stage optimization dispatch strategy
for MPIES is proposed based on a spatiotemporal correlation pricing mechanism. Firstly, a spatiotemporal correlated pricing
mechanism, led by the upper—level energy service operator (ESO) , is proposed based on time—of-use energy prices and
cross—regional transmission costs.This mechanism dynamically characterizes the linkage between electricity and gas prices , as
well as the cross—park regulation capabilities of energy storage devices, to guide the MPIES in achieving optimal energy
allocation across time and space. Secondly, a bi-level scheduling model based on leader—follower game equilibrium is
constructed between the ESO and MPIES. The first stage focuses on maximizing the ESO’ s profit through upper—level
scheduling among the ESO, power grid, and gas network , while the second stage minimizes the MPIES’ s operational costs
through lower-level scheduling between the ESO and MPIES. Finally, a distributed equilibrium collaborative optimization
algorithm , which combines the distributed iterative alternating direction method of multipliers (DI-ADMM ) and the gradient
projection method , is proposed to solve the bi-level scheduling model.Case studies demonstrate that this strategy effectively
coordinates multi—energy complementarity in the MPIES, enhances economic benefits, and significantly reduces carbon
emissions , holding important practical significance for advancing dual carbon goals.

Keywords: MPIES ; spatiotemporal correlation pricing mechanism ; two—stage game ; optimization dispatch
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Table 1 Energy prices of the upper-level grid

e FL I LA/ MR
JEr - -
(JC /kWh) (JC /kWh)
22:00—06:00 0.40 0.35
06:00—09:00,14:00—17:00,
0.79 0.68
20:00—22:00
09:00—14:00,17:00—20:00 1.20 1.12

®2 MWEXBSHIRE
Table 2 Configuration of relevant parameters

28 Kt 280 Kt
T 24 N 3
M 0.45 M 0.6
e,. 0.9 Cue 0.85
€.q 0.9 €, q 0.85
Qe 0.3 ageb 0.3
Qs 0.3 ot 0.3
e /(FE/kW) 02 e /(FE/kW) 03
c;/(JE/kW) 0.1 e /(JE/kW) 0.1
¢t/ (JL/kW) 0.1 et/ (JL/kW) 0.1

B/(JT/ (kW km)) 005 BE/(JE/ (KW -km)) 0.1




L g ) HA

2025 455 8 HA

5552 3% (R 3333))

30001
=
22 000+ I I I I
S 1500}
41000
ay
& 500

0
00:00  04:00 08:00 12:00 16:00  20:00  24:00
i %]
I PIES3 == PIES2 C——PIESI1
(a) ¥ fi 47

3000
E2500f
= I
2000
15004
4
= 1000}

¥ 500!

0

00:00 04:00 08:00 12:00 16:00 20:00  24:00
i 21

E=PIES3 E===PIES2 CIPIESI

(b) & 5 F7
E4 EERRXRB.SHFEK
Fig.4 Electrical and gas load demands of each park

0
00:00  04:00  08:00  12:00  16:00  20:00  24:00

HPIESYGAR T H: g
g

Fisf 21
C—IPIES3 =1 PIES? E= PIES]
(a) Btk Fm & A
E 2500
-R
= 2000
% 1500
= 1000
X 500
=
& 0000 0400 08:00 1200 1600 20:00  24:00
Fisf 21
C—1PIES3 ===1PIES2 === PIES|
(b) R A Fm) & Ay

5 FEXFKXATRH F
Fig.5 Forecasted outputs of photovoltaic and wind
power in each park

52 ETFHRZXBEEMVLFIA ESO-MPIESHZE
EMERSI
6 JEn T ESO W HL A B A &M th 2, T DL

10

EEFI £SO W 5 v A s 1) A2 Al i 3415 R IR I LA
9 Al 3 TR o R ) — B o 7R I B (A
02: 00—04: 00, 06: 00—08: 00 18: 00—20: 00) ,
ESO B8 H A A% i T b S H I 0 B rL A% T
S DR T 1 r ) 9 0 L 9% o LD IR A X
SE I B PN AT AR RE VR A AL ek s/ T HE R 6746 7 0R
SR AR5 725 =5 /K P ESO Sy T e KAk A B 2
T 3 6 R BESR BT 4 e B L A0 % A A 0 L A A%
19 M o

1.5¢
) \/
R
z 03
s
%0:00 0400 0800 1200 1600 2000  24:00
HiJ 1]
— ESOEH M  — ESOMHM —— LRI M
— LHEMEBEMN
(a) & H-

=
=)
T

g
[

A% (JG/m®)
s

B e e

1(')?):00 04;00 08;00 12;00 16;00 20;00 24:60
—ESO& i ffr —ESOM M —fﬁ%mm;r—x&%m%%m
(b) &M
El6 ESORBSEATEMN L
Fig.6 ESO’s joint pricing curve for electricity and gas

IEAh  ESO B S = T LU M I B S A
M AR T RN s . X — 22 5%
14 JEL A 7E T MPIES Fel X P fi = AR 7= 85 1 4%, T
JEIE T P2G 1R A RV LA R T R T DX R AR R
Ko PR, ESO 38 3 $2 5 B A A AR AR I AN A
SR ES

B 7 23T MPIES Po B HLRE AN R SR S it
2k o BB DL G H IR IR A D SR R o
[Fi] i} 25 JE T MPLES DY 9 5T OG 3 LA S B A% i
A PR, MPIES PN 9 g U5 2 B 3 5 ESO 1 8
REAN AR B SR EAH TR



B0, 45 T I SCHRRE AN BIL A 10 5 el DX 25 RE AL AR e 0L A 181 B SR e

0.30 : : : : : -
00:00 04:00  08:00  12:00  16:00  20:00  24:00

s %)
(a) @ geth %
z 2.20
R
bt 2.15
£
pe 2.10
K 2.05 : : : i : i
00:00 04:00  08:00  12:00  16:00  20:00  24:00
s %)
(b) R & &M H

7 MPIES WEESEM L&

Fig.7 MPIES’s internal pricing curve for electricity and gas

PE—2E 4 Hr 1 8 IR 9 1T L& B, 76 0 = FI e
BB, BT AT FAE BRI AR 18520, MPLES (#9314 171 fif
TR T AL ERERE J7 . X FECESO 1B i i A
BB, B i T L R o AR X (A5
MPIES [ B A AH R 381 o

2500
= 2000
x
721500
21000
2
2 500
2
00:00  04:00 08:00 12:00 16:00  20:00  24:00
i} ]
(a)E &%
800
£ 600
utz]
400
&
2 200
m
0
00:00  04:00 08:00 12:00  16:00  20:00  24:00
Fisf 1]
(b)E &%

8 ESOEHESRE

Fig.8 ESO’s electricity and gas sales volumes

18 3200
§ 3000
%@ 5
5 800
& 2600
(=™
= 2400
00:00 04:00 08:00 12:00 16:00  20:00  24:00
s} 2]
(a)MPIES 3 & & A
Hi10 000
i 8000
= 6000
%’9 4000
2 2000
=
00:00 04:00 08:00 12:00 16:00  20:00  24:00
s 1]
(b)ESO 3 &M %

9 ESOZh =B BB SR A
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Accurate Current Measurement Method for Overhead Lines Based on

Multi—source MEMS Sensors
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Abstract: With the evolution of smart grids towards high—proportion renewable energy integration, wide—frequency—band
current accurate detection in overhead transmission lines has become a critical technological requirement for situational
awareness in new power systems.Aiming at the technical bottleneck of traditional electromagnetic current transformers being
limited by the frequency response characteristics of iron core materials, which makes it difficult to achieve accurate
transformation of high—frequency currents at the kHz level, this study focuses on the accuracy improvement of non—contact
measurement methods. Although existing current sensors based on the tunneling magnetoresistance (TMR) effect exhibit
advantages in wideband measurement, their decoupling calculations for three—phase current detection in overhead lines are
significantly affected by spatial displacement disturbances caused by overhead line galloping.A multi—physical quantity fusion
measurement method is proposed to address these challenges. First, a TMR current sensor array is employed to perform
decoupled measurements of three—phase current in overhead lines under ideal static conditions, followed by an analysis of
measurement errors induced by conductor displacement.Subsequently, an improved three—phase current measurement method
for overhead lines using micro electro mechanical systems (MEMS) acceleration sensors is proposed.By fusing TMR current
sensors with MEMS acceleration sensors , this approach simultaneously measures three—phase current while utilizing MEMS
acceleration sensors to monitor real-time conductor motion postures and synchronously correcting the three—phase current
decoupling equations, ultimately achieving precise three—phase current measurement of overhead lines in complex
environments.

Keywords:micro electro mechanical systems ; smart sensor ; current measurement ; overhead line
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Optimization of Distribution Network Fault Repair and Restoration

Coordination Under Dynamic Improvement of Power Supply Capacity
CHEN Bingbing!", LIU Jiateng', WU Haotian!, LIANG Rui?, WANG Haiwei'
(1.State Grid Naijing Power Supply Company , Nanjing 210019, China;
2.School of Electrical Engineering, China University of Mining and Technology , Xuzhou 221000, China)

Abstract: In order to solve the fault recovery of distribution networks after accidents under extreme disasters , a coordinated
optimization method of fault repair and restoration of distribution networks under dynamic restoration of power supply capacity
is proposed , which quickly restores the power supply capacity through reconfiguration and repair of distribution networks under
extreme disasters. First, the coupled planning model of distribution network fault restoration considering islanding,
reconfiguration , and repair is created by comprehensively considering important load restoration , network loss , and the number
of switch actions, and the layers interact with each other and dynamically optimized to ensure that the distribution network is
reliably and quickly restored to normal.Then, the models and algorithms of each layer are introduced respectively , and the
dynamic islanding strategy is adopted to realize faster and better restoration of power supply capacity during distribution
network fault repair using the improved whale optimization algorithm (WOA) and dynamic recovery strategy. Finally, the
effectiveness of the proposed strategy is verified by arithmetic simulation.

Keywords:distribution networks ;islanding; fault repair; dynamic recovery
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Fig.3 Schematic diagram of preliminary islanding

results in example 1
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process in example 1
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Table 6 Distribution network fault recovery and

reconstruction process in example 1
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Table 7 Results comparison of distribution network fault

reconfiguration algorithms in example 2
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Table 8 Comparison of two fault recovery strategies for

distribution networks in example 2
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re—adjusted after repairing fault c, in Scheme 2
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Fig.1 The structural diagram of area i in a muti—area LFC system with wind power integration
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Table 1 Parameters of one—area power system LFC

T /s Tg/s R D B M Ty

t

0.3 0.08 24 0.0083 042 0.1667 1.5

®2 EK=[0.0501]FAREr FHIRGR/NH, 1EIRy,
Table 2 The minimum H_performance index vy, of the
system under K =[ 0.05,0.1] and different =

T 3CHk[22] 3CHRL9] JEHT
1 22.16 4.13 3.77
2 23.76 4.43 3.81
5 71.79 7.88 3.93
7 — 23.01 4.13
12 — — 5.73
15 — — 7.50
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Fig.2 Frequency response curves of a one—area power
system under different time delay
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Table 3 Corresponding controller parameters and

maximum allowable delay wheny = 5.5

FEH A S H [Kp. K] T
K, [0.046 0,0.236 6] 3.791 1
K, [0.062 2,0.172 3] 47753
K, [0.0157,0.029 2] 10.847 2
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Fig.3 Frequency response curves of a one—area power

system using controllers K, K, K,
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Table 4 Parameters of three—area power system LFC

Xk HLA T /s IJs R o D B M/s

1 040 0.08 3.00 04 0.015 03483 0.1667
1 2 036 0.06 3.00 04 0.014 03480 0.1200
3

042 007 330 02 0.015 03180 0.2000

1 044 006 273 0.6 0.016 03827 02017
2 2 032 006 267 O 0.014 03890 0.1500
3 040 0.08 250 04 0.014 04140 0.1960

1 030 007 282 O 0.015 03692 0.1247
3 2 040 0.07 3.00 05 0.016 03492 0.1667

3 041 008 294 05 0.015 03550 0.1870
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Table 5 The controller gains obtained by the different
methods when =10 s
RIS XI5 280
[3.27E-4,0.333 4]
[6.96E-4,0.343 5]
[1.60E-4,0.339 8]
[-0.0250,0.188 8]
[-0.039 6,0.252 0]
[-0.030 8,0.275 3]
[-0.066 9,0.061 5,0.031 1]
[-0.030 5,0.088 5,0.032 5]
[-0.070 4,0.068 8,0.030 2]
[0.004 6,0.021 0]
[0.0032,0.028 2]
[0.002 3,0.012 8]
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Overview of Application of Machine Learning in Wind Power

Forecasting
LI Te!" ,HUANG Ziying?
(1.State Grid Hebei Electric Power Co., Ltd. Information and Communication Branch , Shijiazhuang 050021, China;

2.Hebei Architectural Design and Research Institute , Shijiazhuang 050021, China)

Abstract: Wind power generation has intermittent, random, and uncertain characteristics. Accurate wind power prediction
methods are crucial for ensuring the stable operation of the power grid and promoting the consumption of new energy. A
machine learning based wind power prediction model can establish a nonlinear and complex mapping between input features
and predicted power values through feature mining and complex correlations of a large amount of data. Firstly, the overall
framework of wind power prediction based on machine learning is given , and then summarizes five prediction models including
deep learning prediction model , ensemble learning prediction model , small sample prediction model , online learning prediction
model, and physical data joint prediction model. Targeted research suggestions are proposed, and the five wind power

prediction models are compared and analyzed.Finally, the application of large model technology in wind power prediction is

briefly analyzed , and the wind power prediction models based on machine learning small and large models are compared.

Keywords:wind power generation power prediction ; machine learning; deep learning; large model
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FEEE  FE XL L R 0 22 I 2 I st S R 8 5 R i 2 BB B0 R R IR Y [ L, 3 L 77— b R T 2 D R B i A2 b
25 2% (multi-step long—short term memory , MLSTM) FllH /5 2238 X (covariance intersection, C1) fill & A BE B 8 45 22 ] 21 03000
ERRBAIAEE T, BT MO R GU LI DR A D P S RO R A I R S [ A R A ) A P R A 4
FE A R A IR GRS B Z AR R K K A 02 i 28 I 45 (long—short term memory , LSTM ) 3 il B4 48 &2 A7
TEMCFER b, A I 20 EIRANA] 25K B LSTM A& S ALIEA T il , 5 31 22 I 20 5 D) e 2k Bt A6 S By . B34 o3 i
W, Jie 58 53T LA R ) 22 I 220 5 DR A S o R P 0805 R AR, B2 050 22 I 20 B SR 5 18 S v

KB B RS BN SR E S IR e 2 R 45 5 BT 2258 X

hE4SES . TP18; TM72 THERFRARAD: A X EHS :1007-9904(2025)08-0056-11

Multi-moment Missing Measurement Data Reparation for Power

Distribution System Based on MLSTM-CI

GUO Lingxu!, WANG Tianhao?, HUANG Pan®*", WANG Dongyang*, LI Zhenbin?
(1.State Grid Tianjin Electric Power Company , Tianjin 300143, China;
2.Electric Power Research Institute of State Grid Tianjin Electric Power Company , Tianjin 300384, China;
3.Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China;
4.State Grid Tianjin Electric Power Company Chengnan Power Supply Branch , Tianjin 300202, China)

Abstract ;: Focusing on the problem of accuracy reduction due to error accumulation in multi-moment missing measurement
data reparation of the power distribution system , this paper proposes a multi—-moment missing measurement data repair method
based on multi-step long—short term memory (MLSTM) and covariance intersection (CI) for the power distribution system.
Firstly, the historical data of current, power, and other quantity measurements of power distribution system are downscaled to
construct the input vector matrix and feature label matrix with different dimensions as model inputs and then trained to obtain
multiple long—short term memory (LSTM) measurement data repair models with different time steps.On this basis, the CI
algorithm is utilized to fuse the above LSTM repair models with different time steps to obtain a multi-moment missing
measurement data repair model for the power distribution system. Example analysis shows that the proposed method can
effectively suppress the error accumulation in repairing multi—-moment measurement data and improve the reparation accuracy
of multi-moment missing data.

Keywords: power distribution system ; missing measurement data reparation ; long—short term memory neural network ; covariance
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Integrated Bus Load Day-ahead Prediction Method Based on

DPE-MFOA-ELM Model
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Abstract: To improve the accuracy and robustness of day—ahead bus load forecasting, this paper proposes a hybrid method
integrating optimal similar—day sets and deep learning.First, using bus load and meteorological data, it scores similar day via
gray relational analysis and entropy weight method to form the optimal similar—day set.Next, multiple sets of extreme learning
machine (ELM ) model parameters are trained , and the weights and thresholds of ELM are optimized using a mutation fruit fly
optimization algorithm (MFOA ) to enhance the robustness of the model..Finally, it introduces a deviation degree of prediction
error (DPE ) objective function for the DPE-MFOA-ELM model to strengthen the bus load forecasting applicability.Simulation
tests on 10 diverse bus load groups show that, compared to conventional deep machine models, the proposed method improves
the prediction accuracy and robustness of bus load.
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Study on Designed Wind Load Characteristics of Transmission Line
and Standard Comparisons Based on Actual Measurement of

Strong Typhoon
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(1.China Electric Power Research Institute , Beijing 100055, Chinaj;
2.State Grid Corporation of China, Beijing 100031, China;
3.State Grid Shandong Electric Power Research Institute , Jinan 250001, China.)

Abstract: The wind field characteristics under strong typhoon and designed wind load parameters of transmission line are of
great significance for improving the wind resistance design level. Thus, based on the actual measurement of strong wind of
typhoon Mekkhala, this paper researches on the probability distribution characteristics and values of basic wind field
parameters including typhoon average wind speed and turbulence intensity , and comparatively analyzes the differences in span
reduction factor, gust response coefficient, and characteristic values of wind loads from different standard systems in the cases
of typhoon with wind speed larger than 30 m/s.Results show that the designed wind load parameters, such as turbulence
intensity , peak factor and gust response coefficient , conform to the generalized extreme probability model.The measured value
of turbulence intensity is higher than that of the standard DL/T 5551—2018 with open landform , averagely 15% higher when
the average wind speed is above 40 m/s.With the average wind speed increasing, span reduction coefficient and gust response
coefficient calculated based on the measured data discretely decreases.The calculated values from measured wind speed above
30 m/s match those obtained by DL/T 5551—2018, which are much lower than the values of IEC 60826—2017 and ASCE
No.74—2020.For characteristic values of wind loads, the measured results of maximum wind speed are enveloped by DL/T
5551—2018 , but 40% lower than those obtained by IEC 60826—2017 and ASCE No.74—2020.

Keywords: transmission line ; strong typhoon ; wind field parameter; designed wind load
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Life Assessment Model of Transformer Oil-paper

Insulation under Multiple Stresses
LIU Jian',SUN Rui!, GAO Junying', LI Changyun?"
(1.State Grid Dezhou Power Supply Company, Dezhou 253072, China;
2.Department of Electrical Engineering, Shandong University of Science and Technology , Qingdao 266590, China)

Abstract: Aiming at the aging of transformer oil-paper insulation under multiple external environmental factors of electric field,
temperature , and mechanical force, this work analyzes the effects of the three factors of electro—thermal force on the life of oil -
paper.By conducting accelerated aging tests at different temperatures (363 K, 383 K,403 K) , electric field strengths (2 kV/mm,
2.5 kV/mm, and 3 kV/mm ) , and mechanical stresses (1 MPa, 1.5 MPa, and 2 MPa) , the degree of polymerization (DP) of
oil-paper insulations at different aging stages is determined , and the loss curves of the degree of polymerization with the
change of time are obtained.Based on the time-temperature superimposed method , the temperature leveling factor is improved ,
and electric field strength and mechanical stress leveling factors are introduced.The effects of the electric field and mechanical
force are incorporated into the activation energy term in the Arrhenius equation , resulting in the life assessment model of oil—
paper insulation considering multiple factors of electricity , heat, and force.The results provide theoretical support for the life
prediction of transformer oil-paper insulation in complex environments.

Keywords:oil-paper insulation; life assessment; polymerization ; time—temperature superposition
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Fig.1 Overall schematic diagram of the aging platform
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Fig.2 Polymerization degree change curve at F=1 MPa
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363 047571  0.00784  0.96775
1 2.5 383 0.68275 0.04515  0.993 57
403 072141 0.11858  0.936 56
363 1.07962  0.00513  0.99672
I 3 383 0.83435 0.03546  0.958 11
403 0.04622  0.14299  0.97042
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Effect of Thermal Oxygen Aging on the Microstructure and Electrical

and Mechanical Properties of PP/Elastomer Blending Insulation

CAO Jianmei'?*,DU Baoshuai'-?, DU Boxue?, ZHANG Meng?, LI Zhonglei?
(1.State Grid Shandong Electric Power Research Institute , Jinan 250003, China;
2.Shandong Smart Grid Technology Innovation Center, Jinan 250003, China;
3.School of Electrical and Information Engineering Tianjin University , Tianjin 300072, China)

Abstract : In order to explore the effect of thermal aging on the electrical and mechanical properties of PP insulation , four types of
polypropylene(PP)/elastomer blending cable insulation materials were selected for a 135 °C accelerated thermal aging experiment.
The effects of thermal aging on the physicochemical, electrical, and mechanical properties were analyzed according to the
comparison of different PP/elastomer blending materials.The evolution patterns of the microstructure and electrical properties of
PP / elastomer blending insulation under thermal oxygen aging were revealed. The experimental results indicated that, the
mechanical properties of the four samples deteriorate with the aging time.On the one hand, the migration and aggregation of the
elastomer lead to a disruption of the sea—island structure between PP and elastomer, thus the tensile performance of the PP/
elastomer blending insulation is decreased.On the other hand, the molecular chains and the spherulitic structure of PP were
damaged.The comparison shows that two of the samples have a smaller increase in the average particle size of the elastomer after
aging, a smaller increase in carbonyl index, and smaller changes in electrical and mechanical properties, which indicates the two
samples have the best aging resistance.This main reason is that, the compatibility between polypropylene and elastomer in the two
samples is good, as well as the compatibility stability after thermal oxidative aging. The results of this paper show that, the
compatibility of elastomer with polypropylene and the compatibility stability after thermal oxygen aging are key factors, which
determines the thermal oxygen aging performance of the main insulation of PP/elastomer blending cable.

Keywords: polypropylene ; elastomer; thermal oxygen aging;electrical performance ;s mechanical properties ; microstructure
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Fig.1 Microscopic morphology of the samples before and after aging
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Table 1 Average particle size changes of the samples

before and after aging

‘ FEPRA um
At

PP-1 PP-2 PP-3 PP-4

0 1.04 0.36 0.48 0.58

30 1.28 0.48 0.84 0.60

60 1.52 0.54 0.98 0.70

x2 BAHZAMERRHEZETWL
Table 2 Maximum particle size change of the samples

before and after aging

\ E’ij(*ﬁ'fé/um
LAk E]/d
pPP-1 pp-2 ppP-3 pPP-4
0 2.26 0.88 1.62 1.46
30 3.84 1.1 1.92 1.6
60 4.28 1.26 2.92 2.00
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Fig.2 Infrared spectra of the samples before and after aging
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Fig.3 Changes in carbonyl index of the samples
before and after aging
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Fig.4 Changes in conductivity of the samples before and

after aging
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Fig.5 Changes in power frequency dielectric constant and
tand of the samples before and after aging
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Fig.6 Weibull distribution of breakdown field strength for

the samples before and after aging
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Fig.7 Changes in breakdown strength of the samples with

a 63.2% probability before and after aging
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Fig.8 Changes in breakdown strength of the samples with

a 1% probability before and after aging
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Fig.10 Changes in tensile strength of the samples

before and after aging
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