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Research on Adjustable Potential Evaluation Methods of Flexible

Electrical Loads in Inland River Ports

TANG Yanmei', LI Bin', YU Janyang?, XUE Li',ZHANG Yuanxing', GAO Peng'
(1.China Electric Power Research Institute , Beijing 100192, China;
2.State Grid Changzhou Power Supply Company , Changzhou 210000, China)

Abstract : With the in—depth advancement of China’s “Dual Carbon” strategy , the electrification of inland river port areas has
undergone comprehensive acceleration. These port areas posses abundant flexible load resources and significant adjustable
potential. However, due to the diversity of load types and substantial differences in operational characteristics, effective
quantitative assessment methods for adjustable potential remain lacking , which limits improvements in utilization efficiency. To
address this challenge , a methodology is proposed for quantifying the adjustable potential of flexible electrical loads in inland
river port areas.The primary flexible electrical loads—air conditioning systems , reefer containers , electric heavy—duty trucks,
port machinery , and shore power systems—are classified into three categories based on operational characteristics : generalized
energy storage loads, shiftable loads, and demand —responsive loads. By comprehensively considering multi-dimensional
dynamic factors such as ambient temperature , equipment operating parameters , logistics schedules, and vessel berthing status ,
refined load models are established to identify sources of adjustable potential for each load category.Furthermore , an evaluation
index system is developed, and a spatial-temporal estimation method is proposed to quantify the adjustable potential of port
loads. Finally, through analysis of typical daily operational data from an inland river port, minute—level quantification of the
adjustable potential for flexible electrical loads is achieved , providing theoretical support for optimizing resource allocation and
enhancing dispatch efficiency in port energy systems.

Keywords:inland river port; flexible loads; adjustable potential ; optimized resource utilization
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Fig.2 Outdoor temperature curve in river ports
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Table 1 Typical inland port vessel berthing data

[EEIEIvas FHE I ] U H]
1 07:00 12:00
2 03:30 06:00
3 02:00 09:00
4 06:00 10:00
5 00:00 07:30
6 06:00 09:00
7 07:45 11:00
8 08:00 11:30
9 04:00 09:45
1 14:00 18:00
2 08:00 11:30
3 14:15 19:30
4 14:00 17:00
5 12:00 13:30
6 13:15 14:30
7 16:00 22:00
8 19:30 24:00
9 13:00 21:00
2 15:30 19:00
5 18:30 22:15
6 17:45 20:15

F2 WIS X BN B HE
Table 2 Typical vessel type data in inland port areas

SR AR AR P W I E]/h
KA 70 (5,8]
AL AR 40 (3,5]
AL AR 20 (0,3]

*3 WTBXTEEEHE
Table 3 Air conditioning system data of inland

river port areas

SHEAL A Kt
HBH R, /(C/kW) N (9.5,0.5%)
PIE € /(KJC) N (1022,20%)
HABH R,/(C/AW) N (7,0.52)
P C,/(KJC) N (756,20?)
HABH R/ (C/W) N (19,0.5%)
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Pz C/(1JC) N (886,20?)
B Ry (C/KW) N (1.5,0.5%)
P C/(KIIC) N (162,20%)
L Ry (C/W) N (8.6,0.5%)
P C(KJIC) N (928,20%)
ABH R,/ (°C/W ) N (2.6,0.22)
PIF C,/(KJC) N (284,207 )
B Ry (C/kW) N (1.1,022)
PR Cy (1J/°C) N (122,20?)
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x4 NTBROHELELHE
Table 4 Reefer container configuration data for

inland river ports

E eSS Bl
IR A/m? 73.56
W m/kg N (19 000,900 )
FEER k) (W/m?-C) 0.4
FEES o/ (kI (kg+C)) N (2.76,0.4%)
TR BERLLL M0 3.5
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B IR AT, .,/ C 2
AHEZRE TR T, 0d/C 0
AR LR T, /C 4
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Fig.3 Maximum and minimum power curves of air
conditioning load clusters
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Fig.4 Virtual energy storage curve of air conditioning
load clusters
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Fig.5 Maximum and minimum power curves of reefer
container load cluster
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Fig.9 Quay cranes load movable range diagram
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Fig.11 Typical daily shore power limits for inland river ports

FHASE RN, Py TAT s X L R G e % i Al [
A TA) B B 9 2 B — 2 B AT U 7, 4 SITE 05
00—10:00, 15:00—21: 00 B} Bt B9 VR b m W i) B s

11



253 4% (R 33911

L g ) H A

2026 455 2 1

R 7 B D R AE G, ] T D IR B EL

I 3 0T i AR 9 DX SR ) T R A el
0, H ARG R G R 0 B S S A T R
X Bh I3 B G B B Al R g AT IR AL T2
LS R GG R 3 VR Y AT AT, B O g A s — R B )
ARSI 3 B2 SR AR AL T OGS I

4 it

TE TS DL A E R RSt tEE B 3 37 1, B0
FI By R 2 PR DA s DR Al g 3R T —
B BN A RN AT . BARSSIE T

1) AT DX Sk i By R R B 2SR v
iR BE R BN R R R G A, T
FrRetE, b zs i Ve A S i s LRI R SUiERE TR
a7, 23 YRR AR T8 o VS SC BB S A E , LB R
U L Tt 2R 9 5 IS T RE 5 HE VR AILBEUR T T
M Gy, G oL 7 2RI e A o ) o S B B
AL 5 1 HL AR ST IR SN T R Wi B4, 52 L 5
HOR A HE I o

2)ANFIZERIBE 5 RGUH RT3 1 1 R B2 S AL
REAE o 25 R 55 VR AR 7T 9 98 5 R ) SR AR I AE H )
SR AT DX 6] R AU AR RV . A B E R AR
MRS AERE ST, R T T N A B2 IR T
By 7 R Y i K TR D) AR B, A ) S
A 72 18 X8 7 A i IR 2522 22 IXCI)  [R)f ade 5 25 1& -
I PRSI e 7= A B R A . M EEZ R s
VEHUBR Y T 898 3 AR X v, 283 B L D R A
WUE T B N AR APE R R o A, R R G R
1 RE 7 W LR IR T H A DR 4 m] T

3)ARSCHESE R R W], B 48 77 15 BE S A A o
ity PRT s DX SR AP 67 £ 20 B R ) ] 39 A ]k ] A
SECSE RS A AR M A S B R O 9 R AR 2 4 4 L R
HURBhASBEF Z I 2R 0L . EARRMBFTE T,
e T2 N AR Z A TE BT, 58505 7
TR R TR HER T 2 — PSRRI S
5 NI X AT R GRS AT ATk, $ th e ik (L
THAARI T 5

27 STk

(1] P2 %, Bk, 26 B UR 5 s Al & 10 s 1 Z RERUM 1k
PRELER )] Ty A sh ki 4%, 2025,45(3) : 50-63.

12

HOU Hui, XIE Yingbiao, ZHAO Bo, et al. Review of optimal
scheduling for port multi—energy microgrid with energy and
transportation coupling[J |.Electric Power Automation Equipment,
2025,45(3) :50-63.

ARAE R, NI, #OCA, 46 U D 2R B eI RGN AL B AR 257
RO RHEAR,2022,46(10) :3749-3763.

TAI Nengling, WANG Xiaobo, HUANG Wentao, et al. Review of
low—carbon technology for integrated port energy systems [J].
Power System Technology ;2022 ,46(10) : 3749-3763.

AR, SCHAL, R AR, A5 LR G BRI R SRR A8 T R RIS
ZEIR[ ] AL TR 24, 2024,44(4) 1 1364-1386.

LIN Sen, WEN Shuli, ZHU Miao, et al. Review on low—carbon and
economic development of seaport integrated energy system [J].
Proceedings of the CSEE,2024,44(4) : 1364-1386.

INEE, AR VG , A SR SR P S e A s SR B R S K
JEDT I SE [T ], AL TR 24, 2019,39(24) : 7146-7158.
SUN Yi, LI Zekun, XU Peng, et al. Research on key technologies
and development direction of heterogeneous flexible load modeling
and regulation [ ] |.Proceedings of the CSEE,2019,39(24) : 7146~
7158.

XNEAS , &GN, 5 B A 25 2 X0 T R 5
FALR T 4 bR R R A (). i ) RGP S 7, 2025, 53
(03):47-57.

LIU Yanling, WU Zhigang, LAI Xiang, et al. Cooperative control
strategy for heterogeneous air—conditioning loads participating in
frequency regulation of multi—area power systems [J]. Power
System Protection and Control ,2025,53(03) :47-57.

F . L BRI 25 22 2 B T B R v ) A
fEITEEID ]I ARG BE TR, 2020.

LR T B SR IRV DA ST D ] e A AR,
2023.

WA AT . SR G 2R A S M4 R B ST LD ). B it AR R
2021.

2T, A, S, 45 L SIIR 4R T8 L B A 09 9 B R B
WHoE[) ] LTI AR 2019,42(14) : 37-42.

KUAI Shengyu, TIAN Jia, MA Jing, et al. EV charging load
dispatching benefit and potential research [J]. Electronic
Measurement Technology,2019,42(14) :37-42.

kA A SR T PR BE Y ) LA R FE R SR T ST (D TN
AR BT R, 2022.

LR, Tk, O DL RE A BE R GE A WL
EAALLJ/OL ] BB TR 22 2 4l (B A4 5 TR R
1-7 [ 2025 - 03 = 30]. http: /kns. cnki. net/ kems / detail / 42.1824.
U.20250320.0916.005.html.

GU Yong, GE Pingxu, YUAN Yuji, et al. Optimization of capacity
configuration for port integrated energy storage systems [ J].Wuhan
University of Technology, 1-7.http: / kns. cnki. net/kems/ detail /
42.1824.U.20250320.0916.005.html.



R, 45 « AT DX R R M A T 9 0 ISR ik T

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WA L3, XU 2 LR R Lz A 1 REIR R ek iz
P10 By R 2L, 2021,23(1) 1 11-17.

PU Yue, JI Li, LIU Haoming. Optimal operation of port energy
system considering integrated demand response [ ] ].Power Demand
Side Management,2021,23(1):11-17.

Dy W, B R, T AESE S LT I B R R D RS RE IR R
() MR R GE LR 5 O B () R [ ] v WL R 41, 2023,
43(1):114-135.

FANG Sidun, ZHAO Changhong, DING Zhaohao, et al. Port
integrated energy systems toward carbon neutrality ( (Part 1) :
typical topology and key problems [J]. Proceedings of the CSEE,
2023,43(1):114-135.

T, B, TS SF LT B T AT UE 1 SRS RE IR R 4
() - AR S il & T A S PR BRI DG B R [0 ). b i AL
TREAI,2023,43(3) :950-968.

FANG Sidun, ZHAO Changhong, DING Zhaohao, et al. Port
integrated energy systems toward carbon neutrality (I1)) : flexible
resources and key technologies in energy—transportation integration
[J].Proceedings of the CSEE,2023,43(3) :950-968.

SONG T L,LI' Y,ZHANG X P, et al.Integrated port energy system
considering  integrated  demand  response and  energy
interconnection [ J]. International Journal of Electrical Power &
Energy Systems, 2020, 117:105654.

W, BSCAR R R 2 45 s 1 RS VA A 00 4 T L 1) — 3
P32 OC A IR D7 vk [T ], op [ ML AR 2 41, 2024, 44(2)
586-597.YANG Li, HUANG Wentao, YU Moduo, et al.Consensus
based hierarchical optimization scheduling method for large —scale
reefer loads in ports [J]. Proceedings of the CSEE, 2024, 44 (2) :
586-597.

HE D J, PANG Y S, LODEWIJKS G. Green operations of belt
conveyors by means of speed control [J]. Applied Energy, 2017,
188:330-341.

ZHANG S R, XIA X H. Modeling and energy efficiency
optimization of belt conveyors [J]. Applied Energy, 2011, 88(9) :
3061-3071.

ABU BAKAR N N, BAZMOHAMMADI N, VASQUEZ J C, et al.
Electrification of onshore power systems in maritime transportation
towards decarbonization of ports: a review of the cold ironing
technology[ J |.Renewable and Sustainable Energy Reviews, 2023,
178:113243.

LA L S R AR AR IR IR i) AN 289 S P 55 62 9 JEE (L A B 5

[D]. AT AR R, 2020.

(20] FREEML, P ERFY S ef e A T 2% RS HE I DAL 50 1 3 62 1 R IR
BT R ERAR S TR ,2024,24(29) : 12763-12772.
ZHENG Jiehang, ZHONG Huiling. Joint dynamic scheduling of
berths and quay cranes with berthing priority for shore power ships
under time—of—use price[J].Science Technology and Engineering,
2024,24(29) :12763-12772.

[22] RFKr.H B s Rmi B A 45 ABEIR R A5 [D] Mt R

K% ,2020.

R . % JE 2 A IR HE 2R A REIR R G L IR [ D . K

i RIEHFFR A ,2023.

[24] e, X020, WREF 45 . 25 1S R% Bl G GR AR 14 104 H Bl V5 7S s v o

S [J]. W01 288 A 31k, 2020,44(2) : 77-85.
CHEN Zhong, LIU Yi, CHEN Xuan, et al. Charging and
discharging dispatching strategy for electric vehicles considering
characteristics of mobile energy storage [ J]. Automation of Electric
Power Systems,2020,44(2) : 77-85.

[25] MWesAs ATUNAS, 34 5 45 s sy 45T R EERE AR 5 1 Y

P sms )], H ) R 88 A 31k, 2017,41(2) :84-93.
YANG Xiaodong, REN Shuaijie, ZHANG Youbing, et al.
Schedulable ability model and priority=based intraday scheduling
strategy for electric vehicle [J]. Automation of Electric Power
Systems,2017,41(2) : 84-93.

[26] #1-FFi. I E A AR T R A BOR IS WF ST (D ] ) < 4
I T, 2021,

(27] Sz i . 32 i il 56 TE e (s RN R L A 3 )
FyPezE [EB/OL].(2021-09-13)[2025-04-20 .https: /www.gov.
cn/zhengcelzhengeeku/2021-09/23/content_5638865.him.

Y Fs B #3:2025-03-30
&[5 A #7:2025-07-29
TEE B
PEHHF(1992) , 38 15 1 (gotoliuye@163.com) , &, #i1-, @ T
RIS 0L 20 57 e gt i 35 TA
2 k(1973), 5 A0, g T AR, IS 6 fer O BISE T4 5
BEUREH(1974) 55 i G TR0, DA s I AT JE IR0 5 A
B AI(1988), 55 AL, s g TRRI , A FlL T 4 4 T A
JKIC R (1988) , J3 A1, o G TR, A= HiL 2 9 4 e L 4
TAE;
o W5(1998) 5 Wi, ORI, MR B e A R TR
(FTAL%EE AR R3B)

13



WLE & YA
9553 (M 3394) SHANDONG ELECTRIC POWER 2026 4F45 2 1

DOI:10.20097/j.cnki.issn1007-9904.240554

2] IR RRIR R AN 2 REIRIN R A A i B
AOWCVE HLEEE LRI LR E K

(1.B RT3 8 A A RG] N AEE N &) Lk &AM 221000;2. FPEF LXK Fd L TEFE, LR &N 221116)

TE AT 2R SRR B R -G R G, BT T 25 RE IR AR AR TR F RE TR 2R 39 s fr DGR oy (LR S A
) LR T AT B AR S E (I B R P ) o AEULIERE L A TS RAE MBI TR R, I3 2 284k
AR BT R R IR M I R GRS LA, MR 0% I8 T A R A AR IR 1 T I S M B T — BRI TE B — A B
RGBT IE LT R R G i R RERE ) 0 7 . SR THEA REMRAE A R MRS L 2 BeE =R R e & 3 )
RGP EBR B R 5 (quasi-gradient system , QGS) AR R Fa A %2 A1) 58 BERAE, [ k@ 3 38 XU 3 1 & G2 9 BUE LT 58
— (numerical trajectory unification, TJU) /7 & T FAR A L 2 A . Irg ik ie e o RAE Z L5 A e R AR B % 4
W, BAEHEE  fR e T ARG Ik i B

KRR 2 LA RRIRY s BT A T PR BB IR s BUH LI 5L — ; B e

FESES:TMT73 XEIRERD: A X EHS :1007-9904(2026)02-0014-12

Steady State Security Region Analysis of Multi—energy Station

Considering Renewable Energy Access
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Abstract: An integrated electricity—heat energy station model is established , which systematically captures the energy demand
of each energy station, electrical loads , active/reactive power outputs from photovoltaic units , network topology configurations ,
and relevant technical parameters, including line resistances and reactances.Operation constraints are constructed to ensure
system meets its operational requirements , with safety operation boundaries for the coupled energy system concisely formulated.
The steady-state safe region is subsequently derived through rigorous mathematical derivation processes, where renewable
energy fluctuations are comprehensively accounted for using probabilistic power injection models. Furthermore , it can ensure
the maximum energy supply capacity of the entire system, even in the event of a failure of one device within the energy station
fails.Based on the operation constraints of the coupled system and the representation of the steady—state safe region , the quasi—
gradient system (QGS) method in nonlinear dynamical systems is employed to explore a comprehensive representation of the
steady—state safe region in nonlinear dynamical systems.Subsequently, the numerical trajectory unification (TJU) method of
non—hyperbolic dynamical systems is used to calculate the boundary of the steady-state safe region for non—hyperbolic
dynamical systems.This paper can effectively represent the steady—state safe region of a multi-integrated energy station and
demonstrates considerable certain robustness , significantly reducing the errors associated with traditional methods.
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Table1 Security constraint verification
%ﬂ nih n;“S a, Bwh 'Bxdis /\min A xmax S—f (0)
HLfift g 0.90 0.90 0.001 0.3 0.3 0.2 0.8 120
At 0.95 0.95 0.010 0.3 0.3 0.2 0.8 80
i wi e 0.95 0.95 0.010 0.3 0.3 0.2 0.8 80
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IR /KW
203.0

200 181.5
160.0

%5 1385
117.0

5 95.50
b, 100 74.00
= 52.50
= g 31.00

9.500
-12.00

0
40 40 e
By, 30120 20
) 160 407 o
4([/[/ 200 -80 R0

B9 ZHiBlESSITMHAREREE
Fig.9 Safety domain of heating systems during coordinated

operation of multiple energy stations

®2 ZRELHRWIE

Table2 Security constraint verification
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Collaborative Planning for Distributed Photovoltaic and Electric

Vehicle Charging Station Considering Charging Demand Capturing

WANG Kexin*, YANG Shenquan, LIU Zhao,ZHAO Ren, YU Qiuyang, WANG Yanshuo
(Economic and Technical Research Institute of State Grid Shandong Electric Power, Jinan 250022, China)

Abstract: Driven by the strategy of “carbon peaking and carbon neutrality” target, the power distribution networks ( PDNs)
are integrated with generous electric vehicles (EVs)and distributed photovoltaics (PVs).This integration presents significant
challenges for the operation of distribution networks. Implementing collaborative planning for distributed PVs and charging
stations , while leveraging the complementary roles of energy sources and loads , is crucial for enhancing the hosting capacity of
the distribution network and improving charging convenience for users. However, the demand for EV charging is affected by
traffic flow and various other factors, exhibiting heterogeneous characteristics in both spatial and temporal distribution. This
variability significantly impacts the planning of charging stations. To address these challenges, we propose a collaborative
planning approach for distributed PV and EV charging station that takes into account the capture of charging demand.First, we
introduce a charging demand assessment method for charging stations based on the traffic equilibrium model , which quantifies
the charging traffic flow at each station under different probabilistic scenarios. This method considers elements such as the
uncertainty of user travel demand and is utilized to evaluate the benefits of user charging demand following the construction of
charging stations.Building on this foundation , we develop a stochastic optimization—based collaborative planning model for PV-
charging stations within distribution networks , accounting for the uncertainties associated with PV output and load variations.
Finally, a modified IEEE 33-bus system with a 12-bus transportation network is used as a case study to illustrate the
effectiveness of the proposed method.

Keywords: electric vehicle charging station ; distributed photovoltaic ; collaborative planning; stochastic optimization; power
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Table 3 Planning parameters for CS

e CREEHR, SRERY FRTRY sy
) (TAW) kW kW (FE/KWh)
CS1 1200 200 60 1.8
cs2 1100 190 50 16
CS3 1300 210 70 15
Cs4 1200 220 65 12

x4 EARBIHEMINSH
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considering parameter diversity
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Low—carbon Operation Optimization of Integrated Energy System

Considering Energy Hierarchical Utilization and Hybrid Energy Storage
LI Yiyang!-2, WANG Ming?",ZHANG Cunming®, WANG Mingyuan?, YANG Dongrun?, GAO He*, HAN Rong’
(1.School of Science , Shandong Jianzhu University , Jinan 250101, China;
2.Shandong Key Laboratory of Smart Buildings and Energy Efficiency, School of Information and Electrical Engineering,
Shandong Jianzhu University, Jinan 250101, China;
3.State Grid Shandong Integrated Energy Services Co., Ltd., Jinan 250001, China;
4.Shandong Zhengchen Technology Co., Ltd., Jinan 250101, China;
5.State Grid Dongying Power Supply Company , Dongying 257100, China)

Abstract: To improve the energy efficiency of existing hydrogen—integrated energy systems , this paper proposes a low—carbon
operation optimization method for hydrogen—integrated energy systems that considers the combined impact of energy cascade
utilization and hybrid energy storage.Firstly, the paper classifies thermal loads , and proposes a three—stage waste heat recovery
strategy for the aforementioned equipment by coordinating the high—grade waste heat generated by the electricity—hydrogen
high—temperature coupling equipment in the hydrogen—integrated energy system with traditional waste heat recovery.Secondly ,
a green certificate—step carbon coupled trading mechanism is put forward to calculate the carbon emissions offset by green
certificates. Thirdly , a hybrid energy storage system composed of flywheel energy storage and batteries is adopted to handle
fluctuations caused by the changes in electrical power.Finally, an operation and dispatch optimization model for the hydrogen—
integrated energy system is established.Taking a park in northern China as an example for case analysis, a dispatch model
aiming at minimizing the comprehensive operation cost is constructed , and the economic efficiency and effectiveness of the
proposed method are verified through case studies.

Keywords: integrated energy systems; gradient utilization of waste heat; green certificate trading; stepped carbon trading;

carbon capture systems ; flywheel energy storage
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F1 BEENIEHRAREHINEEE
Table 1 Operation and maintenance costs and output

power ranges of various equipments

. BYEA R
WA KA DR AW B WAEBTRUR
(JC/kWh)
KHL:0.39
GT 500 0.4
PR 0.44
WHR1 800 0.03 0.8
WHR2 700 0.03 0.8
WHR3 500 0.01 0.7
AC 2500 0.04 0.7
EC 400 0.06 0.9
K HL:0.45
ELY 2 000 0.15 i
e 0.44
K HL:0.45
SOFC 400 0.01
FER0.44
GB 500 0.62 0.8
EB 500 0.04 0.86

x2 HSMBEMNBY
Table 2 Parameters of time—of-use electricity prices

28 ks isf 1]

. 11:00—15:00,
T LA/ (JE/KWh) 1.2

18:00—22:00

. 07:00—11:00,
SN/ (JT/KWh) 0.78

15:00—18:00

N . 00:00—07:00.
AL/ (JT/KWh) 0.36

22:00—24:00

*3 HitgiRMESE
Table 3 Parameters of other energy prices

ZH Bl
S (TTm?) 2.7
M/ (TT/KWh) 0.16
U/ (Tt/kg) 25

R4 HERERESH

Table 4 Parameters of energy storage equipment

fikhie U/
wHE Ou/kWh)

BRA  WithGkaER  FOkfE A
H#/kWh kWh & £

FL it 0.045 2000 1 000 0.98/0.98  0.02

ke 0.001 40 20 0.99/0.99  0.01

R5 GRAMHBERSSH
Table 5 Parameters of integrated energy storage system

ZH 1l
R,/Q 0.009 6
R,/Q 0.007 1
CIF 60
Ji(kg x m?) 0.007 2
B/(N - s/m) 1.4
B, /(N - s/m) 500
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Fig.5 Power diagram of electrical balance in the
basic scenario
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Fig.6 Power diagrams of electrical balance in
scenario 1 and scenario 2

®6 BEHEHRASHANE

Table 6 Costs and carbon emissions in various scenarios

e EraniE7E Y1 Y2 Y 3 Ykt 4
RA T 46 894 47 452 46 136 44972 44798
e HE TR it kg 10 386.24 9821.93 9 244.62 7998.86 7998.86
WA RE AR /TT 16 537.82 16 842.97 16 842.97 16 519.45 16 331.41
YA T 30 148.62 29 939.17 29 939.17 29 247.44 29 261.57
TR A T 207.72 670.14 508.5 359.74 359.74
BRAUEAE Gy A T -1155.01 -1155.01 -1155.01
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of electric energy storage for scenario 3 and scenario 4
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Dual Layer Interactive Operation Strategy of Integrated Energy

System Based on Low-carbon Comprehensive Demand Response

WANG Hongxi*, SHEN Hongtao, FENG Bo, WANG Hongying, YAN Chao, LI Mengyu
(Marketing Service Center of State Grid Hebei Electric Power Co., Lid., Shijianzhuang 050000, China)

Abstract: Against the backdrop of the ongoing dual-carbon initiative , unlocking the potential of source—load interaction in
energy conservation and carbon reduction has become a key pathway to promote the low—carbon transformation of integrated
energy systems. This paper proposes a dual-layer low—carbon scheduling model for integrated energy systems based on
comprehensive low—carbon demand response.First, a multi-energy coupled carbon emission matrix is constructed to clarify the
transmission relationships of carbon emissions during the conversion among electricity , heat, and gas. Building on this
foundation, a dynamic carbon emission factor calculation method is developed to enable accurate quantification of carbon
intensity across multiple energy carriers.Then, a dual-layer scheduling architecture is established , wherein dynamic carbon
emission factors function as interactive signals.In the upper layer, the integrated energy system performs multi—energy device
scheduling and iteratively updates the carbon emission factors.In the lower layer, a load aggregator aggregates user loads and
implements low—carbon demand response strategies. Through iterative feedback between the two layers, the model achieves a
coordinated evolution of emission factors and demand response strategies. Finally, simulation results demonstrate that the
proposed strategy significantly reduces overall carbon emissions and enhances the utilization of renewable energy, while
maintaining economic efficiency.

Keywords: dynamic carbon emission factor; low carbon demand response; supply—demand interaction; integrated energy

system ; integrated demand response
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Low—carbon Dispatch Method for Regional Integrated Energy
Systems under the Calculation of Carbon Emission Factors in

Station—network Interaction
MENG Fanlin'*,ZHAO Chao', YAN Hui'-?, CHEN Shuguang'-?, LIU Zhichuang'
(1.State Grid Xuzhou Electric Power Company , Xuzhou 221000, China;
2.China University of Mining and Technology , Xuzhou 221000, China)

Abstract: With the deepening implementation of the "dual carbon" goals, it has become increasingly urgent in the industrial
sector to build integrated energy systems that meet the energy consumption needs of the entire industrial chain cluster.
Integrated energy stations break through the energy interconnection limitations of different industrial clusters , which is of great
significance for promoting the consumption of clean energy in the region and achieving energy conservation and emission
reduction. Firstly , the models of different energy conversion devices and carbon emission models within the energy station are
established. Secondly, the power interaction characteristics between the station and the grid are explored, then a carbon
measurement method suitable for multi—energy stations interacting with the electric grid is proposed , subsequently. Finally ,
considering the flexible supply and demand characteristics within the energy station, a scheduling strategy for regional energy
managers and energy station operators is designed.The results prove that the proposed method accurately monitors the carbon
emission factor of the energy station under station—grid interaction , achieving both carbon emission and economic objectives
under the operation of regional energy operators and energy stations.

Keywords:full industrial chain cluster;integrated energy station;integrated energy system;carbon measurement;low—carbon dispatch
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Research on Day—-ahead Market Bidding Strategy Optimization for

Power Generators Considering Equivalent Competitors
WU Zhuhui', HUANG Yufei?, GUO Jiulin?,ZHANG Shaowei?,JU Jiaxin®, LI Zhiyi*"
(1.Zhejiang Datang Energy Marketing Co., Ltd., Hangzhou 310000, China;
2.Zhejiang Datang Wushashan Power Generation Co., Ltd.,Ningbo 315722, China;
3.Northeast Branch of State Grid Co., Ltd.,Shenyang 110181, China;
4.College of Electrical Engineering, Zhejiang University , Hangzhou 310027, China)

Abstract: In the context of the continuously expanding electricity market trading scale, the scientific and reasonable
formulation of market bidding strategies for power generators has become an urgent issue to solve.This paper proposes a day—
ahead market bidding decision method for power generators participating as price makers, which considers equivalent
competitors. The method first standardizes historical bidding data of power generators using Chameleon clustering to extract
typical bidding patterns for different types of generating units.To manage the uncertainty of competitors’ bidding behaviors , the
concept of equivalent competitors is introduced , and a two—stage long short—term memory ( LSTM ) model is established to
estimate and predict the cumulative bidding curve of these equivalent competitors.Based on this, a bi-level optimization model
is constructed to determine the optimal bidding strategy for power generators participating in the day—ahead market. Case
studies validate the effectiveness of this method, demonstrating good simulation results for real electricity markets and
improved market returns for power generators , thereby providing effective guidance for quantity and price bidding decisions of
power generators.

Keywords:power generator; electricity market; equivalent competitor; bi-level optimization model; trading decision
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A Grading Method for User Demand Response Potential

Based on Improved RFM

LIU Tao',LI Peng',WEI Yimin', CHENG Wen'", REN Peng?
(1.Henan Jiuyu Tenglong Information Engineering Co., Ltd., Zhengzhou 450000, China;

2.Beijing National Research Center for Information Science and Technology , Tsinghua University, Beijing 100084, China)

Abstract: To precisely evaluate and classify user demand response potential , a grading method for user demand response
potential based on an improved recency, frequency , monetary ( RFM ) model is proposed.While the traditional RFM model has
been widely applied in customer relationship management, its three dimensions do not directly reflect users’ willingness to
engage in demand response. Therefore, this paper first improves theRFM model by incorporating three indicators : average
response value, response frequency, and response effectiveness, to measure users’ willingness to participate. Additionally ,
combined with user load characteristics , an indicator system is constructed that encompassing dimensions such as importance ,
volatility , regularity , and sensitivity. Finally , by weighting and combining these two factors, the method enables the grading
evaluation of different users’ demand response potential. Case study results demonstrate that this method can more
comprehensively reflect users’ response capability and willingness , providing theoretical support and practical reference for the
effective implementation of demand response..

Keywords:demand response ; user participation willingness ; improved RFM model ; load characteristics
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Table 2 Comprehensive scores of demand response
potential of each user

P REMAGSr  SAsReERi sy SRATERIA NI A5
1 0.000 0 04238 0.2119
2 0.518 6 0.669 2 0.593 9
3 03446 0.2756 0.310 1
4 0.3369 0.246 8 0.2919
5 0.0142 0.538 5 0.276 3
6 0.4979 0.393 0 0.445 4
7 0.000 0 04112 0.2056
8 0.000 0 0.1954 0.0977
9 0.0610 0.3104 0.1857
10 00362 0.400 7 0.2185
11 02088 0.388 4 0.298 6
12 0.0002 0.405 4 0.2028
13 00756 0.387 1 0.2314
14 02801 0.390 6 0.3354
15 03333 0.3045 0.3189
16 0.0934 0.384 4 0.2389
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Table 3 Initial feature matrix for each user

AP Z, B, B, G, G, M,
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6 0.04 066 0.34 0.01 0.20 0.07
7 0.00 081 0.19 0.32 0.02 -0.57
8 0.0 018 0.82 0.04 0.00 0.02
9 0.01 061 039 0.10 0.17 0.02
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12 001 069 03l 0.28 -0.04 -0.03
13 001 065 035 0.43 0.11 0.09
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SOH Estimation of Lithium-ion Batteries in Echelon Utilization Based

on Partial Full Charge—discharge Data

WEI Feng', LI Zhongyuan'", WANG Xindong?, DONG Zheng?

(1.Emergency Management Center of State Grid Shandong Electric Power Company , Jinan 250118, China;
2.School of Electrical Engineering, Shandong University, Jinan 250061, China)

Abstract: Accurate and efficient state of health (SOH ) estimation of retired lithium—ion batteries in echelon utilization is
crucial for maximizing their value throughout the entire lifecycle.Existing studies predominantly focus on improving estimation
accuracy and reducing time and energy consumption, while overlooking equipment, experimental , and implementation costs ,
thus lacking engineering considerations.This research is conducted around feature selection , model development, and charging—
discharging strategy optimization.Firstly , four effective peak-related health features are extracted from the incremental capacity
curve during partial discharge after a full charge.Secondly, echelon utilization SOH estimation is achieved based on a deep
feedforward neural network.The proposed method achieves root mean square error below 3.85% and mean absolute error below
3.65% in tests across multiple temperatures and battery types, with a maximum error of 2.85% for LiFePO4 batteries,
demonstrating high accuracy, robustness, and adaptability. Furthermore , combining the proposed method, a SOH estimation
charge—discharge scheme considering storage and reuse is developed. While ensuring estimation accuracy, it fully aligns with
the practical application scenarios in echelon utilization, significantly reducing time, energy, equipment, experimental , and
implementation expenses.The minimum energy consumption is approximately 40% of the total battery energy, providing novel
insights and implementation pathways for SOH estimation in echelon utilization.

Keywords:lithium—ion batteries ; echelon utilization ; deep learning ; state of health
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Fig.1 Discharge IC curve of LFP after full charge
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Fig.2 Filtered discharge IC curve of LFP after full charge
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Fig.4 Multi-layer network structure of DFNN
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Table 4 SOH estimation errors of LFP batteries under

multi-temperature conditions
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Table 5 SOH estimation errors of NMC batteries under

multi-temperature conditions
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Table 6 SOH estimation errors of NCA batteries under

multi—-temperature conditions
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Feasibility Evaluation Method of Variable Speed Pumped Storage

Transformation Based on Improved AHP-TOPSIS
HOU Jiansheng!, QIU Lu', HE Mingfeng!, JT Keqin', FEI Yongpan!, FU Yuxin**
(1.State Grid Zhejiang Electric Power Co., Lid., Jinhua Electric Power Company, Jinhua 321000, China;
2.School of Electrical and Electronic Engineering, North China Electric Power University , Beijing 102206, China)

Abstract : Pumped storage , as a mature commercial energy storage technology , is an effective way to solve the problem of new
energy consumption. Limited by different regional conditions, the traditional fixed speed pumped storage has highlighted the
problems of poor water head adaptability and insufficient flexible adjustment ability , which makes the variable speed pumped
storage units the best choice for future pumped storage power stations.However, how to accurately evaluate the comprehensive
economic, social and environmental benefits of variable speed transformation of existing units is an urgent problem to be
solved.This paper uses the analytic hierarchy process ( AHP)—technique for order preference by similarity to the ideal solution
(TOPSIS) , a feasibility evaluation method for variable speed pumped storage transformation is proposed.The evaluation index
system of reconstruction feasibility considering comprehensive benefit is established from three aspects: economic benefit,
social benefit and environmental benefit. Further, the weight method of AHP is improved, and combined with TOPSIS, the
project of variable speed pumped storage is scored, and the comprehensive score of its reconstruction feasibility is obtained.
The effectiveness and feasibility of the proposed method are verified by the case analysis of the transformation of three variable
speed pumped storage power stations in a certain area.The method proposed in this paper has a certain engineering practical
significance for the development of variable speed pumped storage transformation, and provides a theoretical basis for the
feasibility evaluation of variable speed pumped storage transformation scheme.

Keywords:new energy ; variable speed storage ; AHP-TOPSIS ; feasibility evaluation
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D RFAEF AL 25
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Aoz I B R AEAY B0 A ZL
1.3 INEXE

A4 RLK H ML ZH e S ml AR sl B AL AN
REPEHE T REIRTH 94 , 1B B/ V5 Qe I HE I 55, 2 R —
FINEER 45

1) RETE I 9 AR T i

AT A 7K B R A R PR AT R R AL
SRAT-, GRS T A b BT RE R Y 0 KR BB GE
V8 R Ak AL ), 9D 3 R RIS AR SC LA R IR
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BRBE 1 v EHE Y 5 Y5 Y e HL A B AR G
F 1R,

F1 R UEHE R EE TR R AT A A2
Table 1 The main pollutants emitted by burning 1 t of coal
and their treatment costs

154 HEJ = kg TRHLAR (T /kg)
o, 1731.00 0.13
co 0.26 1.00
S0, 1.25 6.00
NO, 8.00 8.00
SRR UL ) 0.41 2.20
V3 110.00 0.12
i 30.00 0.10

PRI i i 35305 200
Q=QB§]QL&) (24)
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o Bl {5 Gy BRI s J, 9256 o RIS LW B35 BRI
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K BEIER P 28 e A s 20T X 3 v 7K B8
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E =
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€ fier
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PAGIR . AR AT REE AL SRR B
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Fig.1 Feasibility evaluation index system of variable speed
pumped storage transformation
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Fig.2 Hierarchy diagram
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Table 2 1—9 scale method

AR HE a. LA b,

1 [ri) A i 2
R 2L
RS
tTorEE
% %

PPAR 4T84 T 74 TR ()

o 9 W

2.4.6.8

F*3 MM 1—4 L BIARE X

Table 3 Improved 1—4 scale method

1—4 bRfE &

1/4 PIRFRAHLL , b, AT LE . FEAR 143 2
/3 PIHERRAH L, b, FEAR L o, SRR LA B
12 PIRFRAHLL , b, ARFRLE . FEPRTA T 22
1 WG LG @, b, F5 AR LG ] 5 S

2 PITSFRAI L , . 645 HE b, FEFRR 2L
3 PIIEFRATEL , . A5 HE b, FE bR B
4 PIEEFRAIEL , . $6AR HE b, FE b5 T4 B

3) R — SR
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Fig.3 AHP-TOPSIS reconstruction feasibility assessment

process
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Table 4 One level index judgment matrix and

single—level weight

Eiztan A4, A, A, W,
A, 1 3 2 0.539 6
A, 1/3 1 12 0.163 4
A, 12 2 1 0.297 0

X F 4G 14 TPEAS AR A , PRI 25 R A
I H A GE W E B bR, R T I H Y
VR AIATHE R 5] H7 , IR AR 2 B2 VA
P e AT o v B B SR RN N R 5 R AR PR AR I
JUTEE e, (R A0 s I ) AR R R O, 4%
5% [ k3 A ) 2 s e s T H B A RE L R —
FHWRBHHE IR N EES . BN MET
BUASE SR RS bR, B3 R e T 3 H R AR S
SBEGERE R AR B T I H BB ROR  HE AT
RESZ 2 2R R (Y52, W & 75 oK R A IBOR 4
P 5 A bR b, L R A X A . PRI
TR aE A, BB B SR QN3R5 TR, Gy =
0.0058 < 0.1, — KT . W, I B—B, %518
P 22 (B R AF AN

R5 ZFUEIERAMERERARRINE
Table 5 Economic benefit index judgment matrix and

single—level weight

XA SRR, B REMRE BT TS
SR TE h IE R AT B E L, RAshRe A AT
PETHEEAS B ) R GER PR R T MBI, DU R B
B g EAT SRR D R A AT AR AR AL RS
) PR A 24 P X e R 8 T e T T ) K
YEFm AR E 2, gl 8 as BAR B — & i B 2
SC ARG FHA PR P8 bR i B RAR . RAE
SREE A, 1R F) W AR B AL AN 6 TR, Cys =
0.0077 < 0.1, @ —HER K . W, H B,—B,, %18
P 22 1) A AS

*6 HLHUFIERAMIERERRERRINE
Table 6 Social benefit index judgment matrix and

single—level weight

Fabr B, B, B, By W,
B, 1 1 12 3 0.2389
B, 1 1 12 3 0.2389
B, 2 2 1 4 0.4337
By, 113 13 1/4 1 0.088 6

& B, B, B, B, By B W,
B, 1 1 12 13 12 2 0.1072
B, 1 1 12 13 12 2 0.107 2
B, 2 2 1 12 1 3 0.1947
B, 3 3 2 1 2 4 03327
By 2 2 1 12 1 3 0.1947
B, 12 12 13 U4 153 1 0.063 6
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X T IR R 25, BT e VR T AN 4 T o X
PR HEE I RE VR A e kD 3 L I G A M HE Bl R R 45
Fa 2 7 ) T AR B A o DR R R
By Pk A R AR NIR Z . KA
FIH Z BT 53 AP F8 Am R 10, 52 M 3 1A X ¢
/NI HLBEE HR 2D 7EK SR A J 1 Al e
T, B LA s ) B SRR B AR A . R
BE s Ay (0 F W 46 B MR AR 7 TR, Cys =
0.008 8 < 0.1, il & —# MK . W, b B, —B,; %515
P Z [) AR A XA

R7 MR EEIEARFIETRERE R B R IRINE
Table 7 The environmental benefit index judgment matrix

and single—level weight

ezt By, B, B, W,

B, 1 2 3 0.539 6
B, 12 1 2 0.2970
B, 13 12 1 0.163 4

2)ZUEHF R BIZE S A
F A EPR I £35S B 55 THZ AR bR B A A
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Table 8 Weight summary of feasibility evaluation index of
variable speed pumped storage renovation project

[0.057 8]
0.057 8
0.1051
0.1795
0.1051
0.034 3
6=10.0390
0.0390
0.0709
0.014 5
0.160 3
0.0882
10.048 5|

3.2 HUEFMTHTHER

1) F6 b & 1 1E 1) f 46

AR R HPP, HPP, . HPP, — &b w] 25 i Hh
B L O A TR AR , AN 9 TR

RO ZSAEERMEBRHBISERHEICS
Table 9 Summary of reconstruction benefits of three

variable speed pumped storage power stations

—Yitr WE Z YRR AAXTAE LA
PHA B, 0.1072  0.0578
BT NA B, 0.1072  0.0578
ZEF B B, 0.1947  0.105 1
a5 05396
A PRS2 B, 03327 0.1795
1
FFE Y B 0.1947  0.105 1
SRR B, 0.0636 0.0343
WAL ES B, 0.2389  0.0390
e RS B, 02389  0.0390
Mis 01634
A IR G By 0.4337  0.0709
2
Bl B, 0.0886 0.0145
HRETEARIETHE B, 05396 0.1603
E787
s 02970 WHERLEE B, 02970  0.0882
A
: KGEERRR B, 01634 00485

AT I H AT AT PEFE bR gk A A TR E an ]
4 s

0.20;
0.18} —
0.16 —
0.14

& 0.12¢

%Dﬁom»

¥ 0.08f
0.06]

0.04
M
By By Bs By Bs Bs B1 Bs By B Bu Bz Bis
eI H A TR R R

B4 MEWEATEEREANELLE
Fig.4 Reconstruction project feasibility index

comprehensive weight summary chart

13 8 HAHRARAYLE S A, TR AR 6

LD HPP, HPP, HPP,
B/JiJG 1 825.00 154.17 425.00
B,/JI G 336.9 16.0 20.0
By/Ji7G 52 49 48

B,/% 6.23 8.81 8.17

B4 15.8 9.8 11.3

By/% 6.53 9.09 8.50
B,/JiJG 6.379 5 0911 4 1.139 2
By Ji G 1.280 2 0.1829 0.228 6
By/JiJG 4.16 0.49 0.53

B, 0.002 8 0.029 4 0.0135

B\/% 293 2.17 2.35

B,/JI7G 8.5023 1.843 4 1.750 2
B, 2.286 1 3.619 8 2.1737

¥ 3¢ 9 HPP, \HPP, .HPP, =4k n] 25 il 25 vy
U B A TR 25 B R R X, SR MoKy
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5553 % (445339 1) L& YR AL 202645 2 ]
© 1825  154.17 425 1" 3BT R Z
336.9 16 20 [0.0046 0.0542 0.0196]"
52 49 48 0.0021 0.0451 0.0361
6.23 8.81 8.17 0.0635 0.0598 0.0586
15.8 9.8 113 0.0826 0.1168 0.1084
6.53 9.09 8.5 0.0446 0.0719 0.0624
M=]63795 09114 1.1392 0.0159 0.0222 0.0207
12802 0.1829 0.2286 Z=10.0380 0.0054 0.0068
416 049 0.3 0.0380 0.0054 0.0068
0.0028 0.0294 0.0135 0.0699 0.0082 0.0089
2.93 2.17 235 0.0013 0.0131 0.0060
8.5023 1.8434 1.7502 0.1083 0.0802 0.0868
[2.2861 3.6198 2.1737] 0.0845 0.0183 0.0174
A HLE M EAT IE 1 1A B0 S0 B A 00231 0.0366 0.0220]
MRLAIY

PRFEAE Y max BUAR R, 153 B 1E ) AL RE I X

- ST

1 100 1
1825 15417 425
10 1 1
3369 16 20
52 49 48
623 881 817
5 5 10
79 49 113
653  9.09 85
63795 09114 1.1392
12802 0.1829 0.2286
416 049 053
0.0028 0.0294 0.0135
293 217 235
85023 1.8434 17502
22861 3.6198 2.1737]

2) bR
BRI ST HIER A BRI Y

[0.079 2 0.33997"
0.037 1 0.6243
0.604 1 0.5576
0.460 3 0.603 7
0.424 3 0.593 3
0.464 6 0.604 8
Y =[0.9748 0.174 1
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0.9371
0.780 3
0.569 3
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0.684 1
0.646 8
0.1393
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0.905 4
0.500 3
0.2077
0.7539
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Table 10 Comprehensive evaluation of the feasibility of
three variable speed pumped storage power stations
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