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Combined Energy Flow Calculation Method for Electric-gas-heat Integrated Energy System

Considering Gas Composition Changes

HUANG Yujia, SUN Qiuye’, WANG Rui, YAO Jia

(College of Information Science and Engineering, Northeastern University, Shenyang 110819, Liaoning Province, China)

Abstract: Integrated energy system (IES) has become an
important development direction for energy transition to
achieve the goal of carbon peaking and carbon neutrality,
and environmentally friendly. Considering the problem of
mixing multi-type gas sources (MTGS) such as hydrogen and
synthetic natural gas introduced by P2G (power-to-gas), the
traditional IES energy flow calculation (EFC) cannot determine
whether the quality of the mixed gas confirms standard and
quantify its impact on IES. A unified EFC method for IES that
considers MTGS is proposed. First, the nodal injection flow and
pipeline transfer flow models related to gas characteristics are
established; the nodal deviation equations for the relative density
and calorific value of mixed gases and the coefficient matrix
solution, are established to address the inability of existing
methods to calculate the mixed gas parameters. On this basis, the
IES EFC model is further constructed, and the nodal variables
and extended Jacobian matrix are given after considering
MTGS. The proposed model and method are validated to reflect
the effects of gas composition changes on the IES.

Keywords: integrated energy system; energy flow calculation;
multi-type gas sources; extended Jacobian matrix
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Table 2 Configuration and connection of coupling units
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Table 4 The gas sources injection of gas network
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Table 5 Gas demand, pressure, ps and C,, of gas network
e FTFFR/(Mm’+h™) E#1/MPa SREE #AE (MJ-m”)
I
Fika J7iEb TFika Jii%Eb Tiika JiiEb Fika JiiEb
1 0 0 5.600 0 5.600 0 0.604 8 0.604 8 41.04 41.04
2 0 0 5.5903 5.590 3 0.604 8 0.597 3 41.04 39.953 4
3 3918 4.024 6 5.5623 5.5611 0.604 8 0.597 3 41.04 39.953 4
4 0 0 5.1921 5.174 6 0.604 8 0.597 3 41.04 39.953 4
5 0 0 4.8552 4.8292 0.604 8 0.58 41.04 37.4
6 4.034 43225 4.788 5 47517 0.604 8 0.586 1 41.04 38.300 9
7 0 0 4.803 8 4.767 8 0.604 8 0.597 3 41.04 39.953 4
8 0 0 4.760 2 4.8353 0.604 8 0.58 41.04 37.4
9 0 0 6.768 9 6.865 3 0.604 8 0.58 41.04 37.4
10 6.365 6.984 5 54373 54890 0.604 8 0.58 41.04 37.4
11 0 0 53011 53329 0.604 8 0.58 41.04 37.4
12 2.12 2.3263 5.0757 5.0733 0.604 8 0.58 41.04 37.4
13 0 0 49141 4.8861 0.604 8 0.58 41.04 37.398 0
14 0 0 4.889 6 4.8577 0.604 8 0.588 4 41.04 38.6384
15 6.848 7273 6 4.659 3 4.602 5 0.604 8 0.588 4 41.04 38.638 4
16 0 0 4306 4 4.208 2 0.604 8 0.588 4 41.04 38.638 4
17 0 0 52172 5.236 5 0.604 8 0.58 41.04 37.4
18 0 0 6.732 8 6.5819 0.604 8 0.58 41.04 37.4
19 0.222 0.243 6 43212 3.5409 0.604 8 0.58 41.04 37.4
20 1.919 2.1058 4.166 8 3.3202 0.604 8 0.58 41.04 37.4
Fo6 BMAEREEARARSMELETHRETK *7 BANKRERER
Table 6 Flow demand of coupled units as natural gas network loads Table 7 Power flow results of power network
GGift & CHPi & GBit & P° /MW P kW
e /(Mm’-h™) /(km®+h™) /(km®+h™") TR
— — — — — — Fika Tiikb Fiika FiiEb
Fika  Hikb  Fika Fikb  Fika  Fikb
1 136.693 1 136.717 2
3 2.327 2.390
2 40.000 0 40.000 0
6 3.626 3.885 0.199 0.214
3 45.000 0 45.000 0
7 79435 8.1595
4 133.6 146.6
10 3.626 3.979 0.498 0.547
5 49.2 54.0
12 2.901 3.183 0.299 0.307
15 2.901 3.081 0.498 0.529

45

—_

6 21.5308 22.8723

5) RGN 1A E I R, PR LU Rt

M THREGPE R M g, #—PeE8er  BUKIREESSR . Oy AR SO R i 2 PR IE 04 1Y BE
M AL A LI A DI . 42RRD], BRORAE, WA SOl B AR A s, A2
TR AR EA R, IR TR R M S MOTETHRAR R A RE R A R — 2, RIFECRUERA
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Table 8 Energy flow results of heating network

T m % RER AR | T itk 37k
B W i /kg's) /MW || A BE/C BE/C
11 2 376351 07356 | 1 120 46.763 9
2 2 3 366763 00459 2 1158855 49.0952
32 4 09588 03343 3 1151974 50
4 4 5 478927 0.7908 || 4 1241 49.1256
5 5 6 858546 04604 | 5 120.8575 50
6 6.7 514381 0142 || 6 1202417 49.7778
7 6 8 344165 01577 7 119.7304 50
8 9 5 379619 0.1988| 8 119.4784 50
9 1 9 385884 00494 9 1224099 47.7417
10 9 10 38152 00651 || 10 1249225 47.6571
1110 11 423948 05776 || 11 1223588 48.685 1
12 11 12 334164 00069 || 12 1215576 50
13 11 13 89784 02788 || 13 1242775 498169
14 13 14 229168 0.6899 || 14 118.5613 50
15 10 14 293985 12705
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