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Operation optimization for thermal and electrical systems composed of
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Abstract: For the integrated energy system composed of photovoltaic power generation, energy storage battery
storage and discharge, and coal-fired heating boiler and cogeneration, the power and heat power systems operate
in isolation. To analyze the relationship between the information interaction and economic coordination and
dispatch of the integrated energy system, by using the J.F.Benders mixed variable target decomposition method,
the physical model of the cogeneration photovoltaic storage thermal power system is decomposed according to the
main thermal system and the power subsystem. The information interaction between the sub-objectives is
analyzed by the objective function and the system boundary conditions, and the mathematical model of the
coordinated scheduling operation of photoelectric consumption and storage and cogeneration is obtained. The
protection information is isolated and redirected, and the multi-dimensional variable problem of mixed integer

Y B B H3: 2024-02-26

B & I H: BEARRREESTH (2022k66) ; HHEERREHETE (gjk23-203-09)

Supported by: Shaanxi Provincial Natural Science Foundation Project (2022-k66); Science & Technology Project of Housing and Urban-Rural
Development Bureau of Gansu Province (gjk023-203-09)

F—IEEE N BEF 1993), B, Bit, TR, FEHRTARLZRENSHER, zzjmessage@sina.com.

BIEEEEN: ke 974), B, Wik, W%, EEROT KT B ARG RS S, dic2414@163.com.



%10 ¥

BEF 5 RETREAE H AR R H A IO g O R Gts 1T il 123

programming is iteratively calculated by Gurobi solver. Based on the case of the integrated energy system, three
operating conditions under different load requirements of power and heat are analyzed, and it is found that, the
economic benefits of the thermal power operation system are synergistic and complementary, and the information
interaction expands the space for photovoltaic consumption. The net load of the system reduces by 13.63% on
average, the interactive power loss decreases by 9.480 7 million yuan/year, and the energy utilization efficiency
rises by 4.48 percentage points, which shows that this model can serve the economic coordination and scheduling
optimization and energy efficiency improvement of the integrated energy system.

Key words: coordinated operation of electricity and heat; information interaction; mixed variable decomposition;

coordinate scheduling; information isolation redirection
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2>4130 th i e S AR R AL R B i BE B 2>812 MW
AL, Horb 2>Q60 th # P 72 R B S H T A= =
TR RATESURBEAIRH, 16 130 th 4
FPAEAER BRI A T A2 245 Tak 28Ik i . e
B R BEASHIEK 3,
%3 RERFRAFREELSY

Tab.3 Basic parameters of the equipment in
cogeneration system

T H P B[] A
PEARIRTHRI(th Y 150 120 138
ALIEE/(G) at) 4.8X106 4.8X108
L KW 22.4X107 2.1X107 245X 107
AN RRARERE R (t hY) 76 13 52
L% 611 699 617
BERIA R % 83.7 84.2 83.9
K HIRI% 66.1 79.1 66.5
L] PR I% 94.0 85.9 93.1

AHE R AR SR 110 KV A8 B b TR 2 3 2
HL T, SR HAME G RE TG FE,  4ES AN
0.03 JL/KW, [m] - [m] 1 I&HE i ME 4 s Z2 HY 50%, Hi
SR 4, “HEBER B TESELE 5.
IRIER 5 E-PHET AR T AL, W s A2
3.97 12 kW,

x4 BOEBH
Tab.4 Heat load parameters

TH Hd
Tl VRS B (E hY) 150
Tk ZIR i far i 71/MPa 13
KRG FIMW 350

x5 BB NFESH

Tab.5 The grid power balance parameters

WiH  AEEARMW  EBIEH MW SERIMW 5 IMW

H#l  117.57~139.86 94.36~180.07 0 -45.50~62.50
5 14h 133.14 137.93 43.57 4.79

481 130.00~155.43 42.89~128.60 0 -112.54~-1.40
4 13h 140.14 86.46 43.57 -53.69
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I EEREE G L I N, BRI
A s)y  ERL R P HTI F JR AT BE R R S PR AE
LI LV 4, A& ZR Bk R8I 330 kV X
H ok s v D I 2 b P P i S R (EL BT HL Y
LRSS R RO PTR BT REIR Y U AN RE A B AE T
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Fig.4 Distribution of time-of-use electricity prices
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Tab.6 Parameters of energy storage batteries

A il
7 E/(MW h) 18
Y A (T KWL) 0.018
FEHERI% 0.97
TR HL AL % 0.92
BT T ZIMW 15
SOC fif AR 0.10~0.85
HHE/(MW h) 50

R RRBARRIP S

Tab.7 Parameters of coal-fired heating boilers

TiH HE
Y A (T8 KWL) 0.025
HEMW 1>84+2>58
JER HAE/((KW h) kg 0.39~0.48
PRI AEIOT 1) 1323

®8 AREBSY

Tab.8 Photovoltaic power generation parameters

TiH EAClE
HEAP A (T KW 0.024
FARBENL A RIMW 57.93

TR A2 By R AT 1) 32 ] JURT 1 1] AL o
RN AL A Gurobi B4t , IE4T A RAEARNR
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Fig.5 Load distribution and photovoltaic power
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Fig.6 Electrical load balancing and SOC change of electric
energy storage (Case A)
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Fig.8 Electrical load balancing and SOC change of electric
energy storage (Case B)

XTECEE] 8 FHFE 6 BT AL, MR ) S 7 ok 2
LI R AR AR LI LY 2 T8 (1 34 H 6747 A T ok
/I, 07:00—10:00 F 18:00—23:00 JH F Uiy B,
R R FURI R HLIG 7 R FELAS A2 I B, I B
(17 F8 328 BTSN FEAR AR IR 2., % 7y B FH) . 67 A
(I B A SR I, 50 it B RV I WSS R TG TR B 3
YR EL /N

FH L v DR I B 5 AR R v v A ) B 09:00—
17:00 IELF#EN, ARSI BUAERE b 7 E, AR
AR AR AL B, R LI DA AR,
R HEL Yt 7 3 2 I (0] B AR HH — 2 R LA g, AR
Yo W IR B g AR SO N, R
FECE b B, BRAICAMET X 4L S A o #A B
i G IR AN 9 o

FHE 9 mT IL, T3t B UG SLAER I G A A
uf B BN, R VAR (AL AR A v A A7 B B R TR T
1E, SEAMNEICRE HLAL B RGF R s Th s 4T & R AE
PEIRR . AR H A o] FHOGAR R AR, S R T
PENLALHRE TR B D, IR T3 R ARG A T
IHEISAT P AE [ HL RS P RE S R VRIR 9%, DRI
A FELAPY IS 220 A A 57 A7 T 3 T R A AR A

FEXE 00 A RGN ML, HAC
DB HAZ A A B, & il a TIE, (HEIEHE
HMER S B AEEANLES, AT WAL 1T




%10 ¥

BEF 5 RETREAE H AR R H A IO g O R Gts 1T il 131

FEAZ LIS FHs TR S a5eE, IR G =
RIS . AT H AR 5 A B pg A oG, i
Aif 5 AT LA R ER, T RGN
AL R B e BN SR RGN BRI, SEBLHLAA
iR, DA I RIEAT BN

0 ARG b i - PLIB 6 i
360 BB LI i —a- ZRIRThE

3201 l‘r!‘!‘:“l-u jrirr- "'.'l

*ll-i..‘
280} ‘1_,5-‘)
240}
200}
160
12041 T RIR(R
8O SN
o LR REIN R RINE RERRENRNENENE |
RN I SN SN SN S N SN SN SN SIS

QPR FET R XL DAY A

g

B9 o 5HRAHE (TR B

Fig.9 Heat load and heating supply (Case B)
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Fig.11 Heat load and heating supply (Case C)
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Tab.9 Energy efficiency under operating conditions

TH A B C
e % 86.62 85.48 89.96
BRI 36074.31 40 020.86 39072.79
+ AV
4 én e
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