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Electro-thermal bidirectional coupling modeling simulation and
quasi-steady-state analysis based on SGDHC system

ZHANG Ruiteng, LI Ling
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Based on the fifth generation district heating and cooling (SGDHC) system with deep
bidirectional coupling of electric power network, a simulation model of a new electro-thermal
bidirectional coupling network with complex new characteristics was constructed. Considering that the

coupling nodes and coupling modes of the new interconnection network had changed, which could lead
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to security issues in the operation stage, the multi-time-scale analysis method was introduced to divide
the quasi-steady-state stages of the electro-thermal network. The interaction mechanism between the
SGDHC system and the electric power network was explored by adding disturbances in different quasi-
steady-state stages, and the differences in interaction behaviors between it and the traditional electro-
thermal network were analyzed. Finally, the validity of the model and quasi-steady-state analysis was
verified through the integrated energy system of a 12-node distribution network and a 26-node heating
network in a certain area. The simulation results show that the complementary cold and heat power of
the network can reach 13.5 MW in the time domain, the heat loss under low temperature operation only
accounts for 1.3% of the network heat supply, and the number of hydraulic junction points reflecting the
hydraulic characteristics of the network is increased to a maximum of 5. The quasi-steady-state analysis
reveals that compared with the traditional electro-thermal network, the hydraulic change of the new
electro-thermal network is more significant, reaching 5.7 kg/s, while the thermal change is relatively

gentle, only 0.054 °C. In addition, the disturbance does not affect the indoor temperature of the building.
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Fig.1 Schematic diagram of the thermal balance unit module
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Fig.3 Flow chart of electro-thermal integrated energy flow calculation based on SGDHC system
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Fig.6 Electric power balance diagram of typical days during
the park heating season
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Fig.11 Electrical power changes of grid nodes
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Fig.12 Changes of mass flow rates of heat network nodes in
5GDHC system
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Fig.14 Changes of indoor temperature in buildings
42 HFBE-ANESESEE-ANENERE

TRERTLE

5GDHC #4558 P LM FE M 253 h L 18
Fri i . HERE 7 X LL K I 2% 21 i A O AT BT X
Wi, s bAoA RE . RSB
JENEE TR FL — PR 0 4 5 1 G L G 5 T 2% A

/G

e A R R 22 5, JF 5275 30K [20] B
M TAEBEATRT EL

BB 2, R AYK S TR 2 & A 4 B 25 )
24k, {H SGDHC FR G/ TR 25 S 805 & i
AT 2 . SCHER [20] H AR AR 2%
HERIKIR 22 8230T 50 °C, FEfL f i JFi S CHP &
IR =4 0.36 MW AR EBL T, BB 2 1
TR AN 1.5 kg/s, E/NTAS 5.7 ke/s )
AAb . A E AR CHP & R A8 i LA KA
PES B, 5GDHC 248w Fiid i R AL g 1k
PN AR5 () 10 52245

BB 3, RgemysRrp b meg b, 35 s
A AL ELHE T | PR A e i i PR (R AR Ak, DT Bl AR
PR LL R AR R T, M Z T,
SGDHC Z 481719 A5 AR fE AN 23538 i $A 58 4 25
P, MUZ R T 85048 H il N HE R L2 1)



%2

HKEE, 4F: 2T SGDHC FEEN) s — XU M & s A7 IS RS i 157

Heopo (EAFERAVRE, KRG 0BG HLLA 7R
S 0 2 B BE R RIS, X 208 1T ARl A
TR EOR

Bric4, xETEBEAML, RE g i
(kAR 5| kL 2 N I B 922 fE . T /E SGDHC &R 48
T, R ENEEREAL, AR
SHIEAR T IZEHEhAOTRIE , ZRGEAERTEL 3 FRIGAFIREAS.

5 & it

AR SCHR T T SGDHC 2 55 11938 18— X
R 25 A BE R 28 A AR, I AR 4 22 i [e) RLJE
W H A 0 B sh AT AR o 4 BB, BRITHE
FIF ] 53 FEL O B A7 BT T, o 28 AR R U I 2%
FIESHLE], FFEPAT 12 35S RS, 26 1A
NARGIH- ARG R BT T 00, HRILITE5E:

a. A TEGEHE- R G R RS, #rilm-
EEE RE VR 2R G BE M ST ELIN 2% 1478 4 5 #h 5 KR
BAT, BN E AN RS 13.5 MW, H 4
PABAL (5 8L 1.3 % JHeAh, R K i 1
T K SRR E 24, K S0 SRR e 2 T
DI 54,

b. SEGH-MLEARBIRR G L, EHERE
4B, BB 2 K il R AR AL BRI 2, B
R EIAF T 5.7 ke/s, MBI IZEMTE R
Se 0 BT Y AR W 5 T B 3 BTy o R AR Al AR X
D%, 1SR AR AR AU, 0.054 °C, (R AR
b5 M BIT AT EBE VMG, R 20
BB 4 rh SR % IR EE PR S R A el s, 2%
B 3O IR E B, i, X
iy 2O T O B SR it e AR e ME A IR AR

‘\"'?
7

|

S 3K

(1] B3, Flie e, skaGHE Bh A 5t R e B Re IR &
JEEH [1]. 301 TRER, 2022, 42(1): 10-18.

[2] Z=ith, R R, PR, 45, W] A RR IR 2 RE T AN 23 A
REI R G MG A5 MRS [1]. REIRIITZE 515 R, 2021,
37(03): 125-133.

(3] JeffesE, FH, B8, 55 R 205 BRI SH 5 UK
AL PR A 2R G0 B kR (D). W E 25 1, 2020, 50(10):
1-13.

(4] X2, sk, ™ 1E. 55 5 AR HE RV K 5y 1 7 1
R G REIRAR L Z BT AT [1]. f8 1 RS A 3k, 2023,
47(4): 78-90.

[5] BILARDO M, SANDRONE F, ZANZOTTERA G, et al.
Modelling a fifth-generation bidirectional low temperature

district heating and cooling (SGDHC) network for nearly
zero energy district (nZED)[J]. Energy Reports, 2021, 7:
8390—-8405.

[6] ABUGABBARA M, JAVED S, JOHANSSON D. A
simulation model for the design and analysis of district
systems with simultaneous heating and cooling demands[J].
Energy, 2022, 261: 125245.

(7] 418, WRFH2R, 4R, 45, 7% 1 2 5 far o K e 17 (19 25
AHREIR R G LIZ1T (0], sh ) TR 243, 2025, 45(01):
154-164.

(8] AAifEE, FIEAR, 2250.3C, 4. ZE T 2k MVO Bk Ay HL A
SRR LA BRI R GURBR T AL IR L [0]. Ht Jy s, 2024,
45(12): 112—123.

[9] Z¢IE], ARk I, # PR, 4. FIE AT AT Y CSP I
P2G [R5 RE IR R G LA 1A B [0]. K PR 24 412, 2023,
44(12): 552-559.

[10] 3k, 1, #2e, %6 - UEEB IR AR L R
Bk 7). MR, 2016, 40(10): 2942—2950.

[11] DANCKER J, KLABUNDE C, WOLTER M. Sensitivity
factors in electricity-heating integrated energy systems[J].
Energy, 2021, 229: 120600.

[12] F MG, INER, TR, T i) BE I ELHK 9 A4 22 B S
LA (7], AR, 2016, 40(6): 1627-1634.

[13] PAN Z G, GUO Q L, SUN H B. Interactions of district
electricity and heating systems considering time-scale
characteristics based on quasi-steady multi-energy flow[J].
Applied Energy, 2016, 167: 230—243.

[14] HUANG P, COPERTARO B, ZHANG X X, et al. A
review of data centers as prosumers in district energy
systems: renewable energy integration and waste heat reuse
for district heating[J]. Applied Energy, 2020, 258: 114109.

[15] ROY S S, ROY R, BALAS V E. Estimating heating load in
buildings using multivariate adaptive regression splines,
extreme learning machine, a hybrid model of MARS and
ELM[J]. Renewable and Sustainable Energy Reviews,
2018, 82: 4256—4268.

(16] EHIZE, B K, wIEH, 5. FIBMGEH 12 sh BRFER
R A REIR R S Tk D], s RIEAR, 2020,
44(1): 132—-140.

[17] LI J H, FANG J K, ZENG Q, et al. Optimal operation of
the integrated electrical and heating systems to
accommodate the intermittent renewable
Applied Energy, 2016, 167: 244-254.

[18] ZENG Q, FANG J K, LIJ H, et al. Steady-state analysis of
the integrated natural gas and electric power system with

sources[J].

bi-directional energy conversion[J]. Applied Energy, 2016,
184: 1483—-1492.

(19] TRIEAR, BUEN, Wi/VE, 45, IXBER G REIR R el /UHA
IRAEISEGT (7], P E AL TR 2R, 2015, 35(14):
3634-3642.

[20] #RRN, 2255, W 7 e, 5. LR BRI ARG L RE T HERR S
SRS 0], B A S S, 2019, 39(8): 22-30.

(4. TLZ)


https://doi.org/10.7500/AEPS20220818004
https://doi.org/10.1016/j.egyr.2021.04.054
https://doi.org/10.1016/j.energy.2022.125245
https://doi.org/10.1016/j.energy.2021.120600
https://doi.org/10.1016/j.apenergy.2015.10.095
https://doi.org/10.1016/j.apenergy.2019.114109
https://doi.org/10.1016/j.rser.2017.05.249
https://doi.org/10.1016/j.apenergy.2015.10.054
https://doi.org/10.1016/j.apenergy.2016.05.060

	1 新型电−热综合能源系统建模
	1.1 电−热综合能源稳态模型
	1.1.1 电网模型
	1.1.2 热平衡单元模块的构建
	1.1.3 建筑变电站模块的构建
	1.1.4 管道模型
	1.1.5 水泵模型

	1.2 新型电−热综合能源准稳态模型的构建
	1.2.1 建筑热负荷及热交换器计算模型
	1.2.2 分阶段准稳态模型的构建


	2 新型电−热综合能源系统潮流求解
	3 案例分析
	3.1 系统描述
	3.2 电功率分布结果
	3.3 冷热功率互补结果
	3.4 质量流率温度变化结果

	4 准稳态分析
	4.1 准稳态仿真结果
	4.2 新型电−热网络与传统电−热网络的准稳态过程对比

	5 结　论
	参考文献

