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Abstract: Considering the equation and inequality constraints of four parts including power system, gas
system, thermal system and element output, the paper aims at constructing a multi-scenario Electric-
Gas-Thermal interconnection integrated energy system with energy storage elements and wind turbine,
which pointing at the maximum energy supply capacity of Electric-Gas-Thermal integrated energy
system. The Gurobi solver is invoked in MATLAB to solve the coupling IEEE39- node power system, the
6-node gas system and the 6-node thermal system. The energy supply capacity of normal situation,
electric power system N-1 fault scenario, gas system N-1 fault scenario, thermal system N-1 fault
scenario are calculated. Measuring the maximum energy supply capacity of the Electric-Gas-Thermal
integrated energy system can provide decision support for the safe operation of the integrated energy
system. It is more conducive to the reasonable planning of load distribution and the increase of system
operation reliability.
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1. Introduction

The traditional energy supply mode is characterized by separation, occupying a significant amount
of land, lack of sharing and interconnection, chaotic management, and high cost ', On the other hand,
the Electric-Gas-Thermal interconnection integrated energy system represents an all-in-one supply mode
that enables synergistic interaction between horizontal electric, gas, and thermal energy as well as vertical
source, network, load, storage, and utilization ?l. This system exhibits characteristics such as land
intensity, equipment intensity, function intensity, and operation intensity [,

A multitude of coupling devices enhance the coupling between electric, gas, and thermal energy
sources while also increasing uncertainty [*!. The calculation of the maximum energy supply capacity of
the Electric-Gas-Thermal interconnection integrated energy system is crucial for harnessing the power
supply potential of such an integrated energy system 1.

The research on maximum energy supply capacity in power systems is well-established and mature.
However, there are limited studies focusing on integrated energy systems with coupled energy sources
(61, Previous literature proposes a calculation model for determining the maximum energy supply capacity
in Electric-Gas interconnection System [,

Based on this premise, this paper constructs a multi-scenario model for determining the maximum
energy supply capacity in Electric-Gas-Thermal interconnection integrated energy system. This model
incorporates uncertainties associated with energy storage element and wind turbine while obtaining the
normal scenario's as well as N-1 fault scenario's power line's respective capacities.

2. Maximum energy capacity model of Electric-Gas-Thermal interconnection integrated energy
system

2.1 Objective function

) F s the maximum energy supply capacity of the Electric-Gas-Thermal interconnection integrated
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energy system, and the minimum value of each scenario is taken.

(2) " scenario jg the maximum energy supply capacity under each scenario, which includes three parts:
the energy supply capacity of the electric power system under each scenario, the energy supply capacity
of the gas system under each scenario, and the energy supply capacity of the thermal system under each
scenario.

F=minF

scenario , (1)

F

scenario

= maX(f)electric + P gas,electric + Bhermal ) (2)

2.2 Constraint condition

2.2.1 Electric power system constraint

Power balance constraints, including generator generation, wind turbine generation, CHP unit output
of electricity, G2P equipment output of electricity, energy storage element discharge and charge, P2G
equipment consumption and electricity load. The inequality constraint is the power flow constraint.

out __ in
PG+PW+PCHP+PG2P+PES _PL+PP2G+PES’ (3)
B < B <™, @

2.2.2 Gas system constraint

Gas balance constraints include gas output from natural gas sources, gas output from P2G equipment,
gas consumption from CHP units, gas consumption from G2P equipment, and gas load. In this paper, a
bidirectional second-order cone-convex relaxation model of natural gas pipeline flow is constructed. In
this model, the flow direction of the pipeline is assisted by 0-1 binary variables, which can consider the
bidirectional flow of natural gas in the pipeline.

Qsource + QP2G = QCHP + QG2P + QL ’ (5)

2.2.3 Thermal system constraint

Thermal balance constraints include CHP unit thermal production, thermal source thermal production
and thermal load. Hydraulic network belongs to fluid network and its model is described by flow
continuity equation and loop pressure drop equation. The thermodynamic model is composed of thermal
equation, temperature drop equation of pipeline and mixing temperature equation of node.

l//CHP + l//source = l//L > (6)

2.2.4 Equipment output constraint

(1) Because the system does not have enough margin to absorb a large amount of wind power during
windy periods, wind curtailment may occur, so the wind turbine output will not exceed the maximum
output limit®!,

0<P, <P™, (7

(2) The storage battery is charged at valley charge and discharged at peak charge as an auxiliary
means to improve the matching degree of source charge. Its model includes the constraint that charge
and discharge cannot be carried out simultaneously in the same period, the upper limit of charge and
discharge power and the upper limit of capacity!.

in out
Tpg + 7o <1, (8)
out pout out out pout
TEs PES,min S Py St PES,max ) ©
in in in in in
TisPrs min < Prs = Tis P max » (10)
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in in t pout
Ses =MesPos —Mis FPrs » (11
SES,min S8 < SES,max’ (12)

(3) Common thermoelectric coupled CHP units models are as follows.

Feip = 06O *das » (13)
Venp = ngHPQCHP *YGas » (14)

(4) The P2G equipment first produces hydrogen through alkaline electrolysis of water, and on the
basis of electric conversion to hydrogen, hydrogen and carbon dioxide react under the catalyst to produce
methane and water!'?),

Np26Er6 = Dpa6 *as » (15)
(5) Common G2P device models are as follows.
Foor =M6209620*as » (16)

3. The process of solving the maximum energy supply capacity of the Electric-Gas-Thermal
interconnection integrated energy system

Calling Gurobi solver to solve the maximum energy supply capacity of the Electric-Gas-Thermal
interconnection integrated energy system is as follows:

(1) Input power system parameters, gas system parameters, thermal system parameters.

(2) k=0, normal scenario.

(3) Calculate the maximum energy supply capacity when k=0.

(4) k=k+1, perform the scenario in sequence.

(5) Calculate the maximum energy supply capacity at this time.

6) Whetherk - klaS‘ is true, if yes, proceed to the next step, no, return to Step(4)continue the

. k.
calculation.  #t is the number of all scenes.

(7) Compare the maximum energy supply capacity of all scenarios, and select the minimum value as
the maximum energy supply capacity of the Electric-Gas-Thermal interconnection integrated energy
system.

4. Analysis of examples
4.1 Example parameter setting

This paper verifies the feasibility and effectiveness of this model based on the improved IEEE39-
node electric power system, 6-node gas system and 6-node thermal system. The topology diagram is
shown in Fig 1. The electric power system includes seven generators, one wind turbine, one energy
storage element, and 19 electric power system loads. The gas system consists of two gas sources and two
gas loads. The thermal system consists of one heat source and three heat loads. The parameters of electric
power system are shown in literature ' and the parameters of gas system and thermal system are shown
in literature [',

Using MATLAB R2016a simulation and calling Gurobi solver, simulation analysis is performed for
the following two scenarios:

(1) Normal scenario (electric power system, gas system, thermal system are in normal condition);

(2) Electric power system line N-1 fault scenario.
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(3) Gas system line N-1 fault scenario.

(4) Thermal system line N-1 fault scenario.

Figure 1: Topological diagram of Electric-Gas-Thermal interconnection integrated energy system
4.2 Analysis of simulation result

4.2.1 Normal scenario

In the normal scenario, the electric power system, gas system and thermal system are all in normal
condition, and each load value is shown in Table. 1, with the unit being kW.

Table 1: Each load value in normal scenario

Pload1 Pload2 Pload3 Pload4 Pload5 Pload6
2719114 393.2046 183.7857 379.4632 6.2573 215.8110

Pload7 Pload8 Pload9 Pload10 Pload11 Pload12
239.1199 128.0152 496.1179 185.0995 166.8385 224.3704
Pload13 Pload14 Pload15 Pload16 Pload17 Pload18
151.4061 93.7948 189.6647 149.7293 191.3248 6.2253
Pload19 Qloadl Qload2 Hloadl Hload2 Hload3
715.3201 176.2536 262.8035 26.4823 4.5061 18.0439

It can be seen from the table that the total electric load is 4387.4589kW, the total gas load is

3
439.0571kW, that is, 44.4222 M /h , and the total thermal load is 49.0323kW. The energy supply
capacity of the Electric-Gas-Thermal interconnection integrated energy system under normal scenarios
is 4875.5492kW.

4.2.2 Electric power system line N-1 fault scenario

Due to the complexity of the electric power system lines, this paper selects the first five cases with
the maximum energy supply capacity for analysis, including: node 34, 20 line breaks, node 35, 22 line
breaks, node 30, 2 line breaks, node 6, 31 line breaks, node 4, 14 line breaks.

Node 34, 20 line breaks, the output of generator 5 was interrupted, the output of wind turbine
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increased from 107.73kW to 150.87kW, the energy storage elements SES was reduced from 75kW to
60kW, the total electric load was reduced by 250.63kW, and the total gas load was reduced by
139.5714kW. The total thermal load increased by 10.1184kW, and the energy supply capacity was
4495.4653kW.

Node 35, 22 line breaks, the output of generator 7 was interrupted, the output of wind turbine

increased from 107.73kW to 138.96kW, the energy storage elements SES was reduced from 75kW to
70kW, the total electric load was reduced by 250.63kW, and the total gas load was reduced by
89.9655kW. The total thermal load increased by 5.1071kW. The energy supply capacity is 4619.4207kW.

Node 30, 2 line breaks, and the CHP units could not provide electric energy to the electric power
system. The total electric load decreased by 86.3756kW, the total gas load increased by 34.4672kW, the
total thermal load decreased by 5.5979kW, and the energy supply capacity was 4818.0420kW.

Node 6, 31 line breaks, G2P device is interrupted, Pload18 is 0, the total electric load decreased by
53.8226kW, the total gas load increased by 27.8368kW, the total thermal load decreased by 1.2728kW,
and the energy supply capacity is 4333.6363kW.

Node 4, 14 line breaks, the total electric load is reduced by 8.4477kW, the total gas load is reduced
by 6.5445kW, the total thermal load is increased by 10.4691kW, and the energy supply capacity is
4379.0112kW.

4.2.3 Gas system line N-1 fault scenario
Gas system line N-1 fault scenario includes two scenarios: node 5, 6 line breaks, node 2, 5 line breaks.

Node 5, 6 breaks, gas source 2 is interrupted, and the total gas load is reduced by 198.7288kW, the
total electric load is reduced by 220.5476kW, the total thermal load is reduced by 14.5522kW, and the
energy supply capacity is 4441.7197kW.

Node 2, 5 breaks. At this time, the thermal system is disconnected, CHP units are interrupted, gas
source 2 is interrupted, Hload1,2,3, Qload2 are all 0, the total electric load is reduced by 245.7684kW,
the total gas load is reduced by 309.3817kW, the total thermal load is OkW, and the energy supply
capacity is 4271.3695kW.

4.2.4 Thermal system line N-1 fault scenario
Thermal system N-1 fault scenario includes two scenarios: node 2, 5 line breaks, node 2, 3 line breaks.

Node 2, 5 line breaks, Hload3 is 0, the total heat load is reduced by 15.5569kW, the total electric load
is reduced by 33.6956kW, the total gas load is increased by 29.3172kW, and the energy supply capacity
is 4855.6130kW.

Node 2, 3 line breaks, Hloadl,2 is 0, the total heat load is reduced by 28.2492kW, the total electric
load is reduced by 43.0752kW, the total gas load is increased by 49.9394kW, and the energy supply
capacity is 4854.1385kW.

5. Conclusions

In this paper, the improved IEEE39-node power system, 6-node gas system and 6-node thermal
system are used to verify the feasibility and effectiveness of the multi-scenario maximum energy supply
capacity model of the Electric-Gas-Thermal interconnection integrated energy system with energy
storage elements and wind turbines proposed in this paper. The experimental results show that the model
can obtain the unique optimal solution, measure the maximum energy supply capacity, and provide
decision support for the safe operation of the integrated energy system, more conducive to reasonable
load distribution planning, and increase the reliability of the system operation. Subsequent modeling can
add distributed power supplies such as photovoltaic and electric vehicles, and add more types of coupled
devices, so that the modeling of the Electric-Gas-Thermal interconnection integrated energy system is
more comprehensive and accurate. After perfecting the modeling, we can try to build the online
maximum energy supply capability analysis software to improve the practicability and applicability.
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