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Abstract

The grid-connected capacity of renewable energy generation in multi-energy microgrid is increasing. This leads to a decrease in the inertia level in the microgrid, which has a great impact on the frequency stabilization control. This article proposes an adaptive control method for frequency control of inertia in multi-energy microgrids. Firstly, the system frequency fluctuation problem is addressed. Analyze the response characteristics of virtual inertia and the influence of physical inertia of rotating equipment on system frequency dynamics in multi-energy microgrid. Secondly, study the energy transfer characteristics of electric, thermal and gas systems in multi-energy microgrids. The energy coupling model between the subsystems in the multi-energy microgrid is established. And according to the difference of energy transmission time inertia of electric, heat and gas subsystems, the microgrid inertia response time model of different energy systems is established. Then, according to the energy balance stability criterion of multi-energy microgrid, combined with the current operating state of the system and the state of the higher-level distribution network, the fast response adaptive over-compensation control of multi-energy microgrid cluster is carried out to realize the inertia allocation in multi-energy microgrids. Finally, the proposed advanced frequency control method of multi-energy microgrid considering inertia demand is verified by simulation.
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1 Introduction
With the development of new power system, the high proportion of power electronic devices is connected to the multi-energy microgrid, which seriously weakens the inertia support and frequency regulation ability of the power system under the same power disturbance. In order to cope with the risks caused by various uncertainties in the multi-energy system and to avoid the system inertia deficiency caused by fault conditions. To improve the level of system frequency stability, there is an urgent need for frequency control of multi-energy microgrids by analyzing the coupling characteristics of energy among energy sources, the inertia time characteristics of energy subsystems, and the relationship between distributed power sources and frequency regulation [1–3].
The current domestic and international research on inertia frequency control strategies for power systems has made certain breakthroughs, but the analysis and summarization of the frequency change characteristics of low-inertia power systems still lacks in-depth and comprehensive elaboration and exploration. In order to solve the problem of frequency fluctuation in multi-energy microgrids, the rate of change of frequency (RoCoF) index is generally used to estimate the critical value of power system inertia. Literature [4] proposes a different calculation method for inertia assessment. The power of each regional contact line after disturbance and the system frequency is utilized to assess the inertia demand of the system online, but the assessment needs to be completed before so that the system frequency safety can be guaranteed. Literature [5–7] obtains the real-time system frequency through dynamic monitoring and assesses the system inertia demand online. Literature [8] obtains the system’s real-time frequency and power values by selecting the appropriate sliding step and utilizes the frequency response equation to obtain the online estimated value of system inertia. Literature [9], considering the inertia support and primary frequency regulation ability of photovoltaic units, a frequency response model of the power system considering the inertia support and primary frequency regulation ability of new energy is established. Literature [10–13], the inertia control model of doubly-fed wind turbine with stator flux oriented vector control is derived. A cooperative control strategy based on virtual inertia control and rotor speed control is proposed. The virtual inertia control module and rotor speed control module are established in Matlab/Simulink.
Literature [14], an adaptive virtual inertia and damping coefficient cooperative control scheme based on virtual synchronous generator (VSG) is proposed. By establishing the mathematical model of VSG, the influence of virtual moment of inertia J and damping coefficient D on the stability of the system is analyzed. The cooperative adaptive control strategy of inertia and damping is obtained by improving the traditional VSG control strategy. The parameters of the adaptive control system are determined. Literature [15] proposed a multi-energy microgrid-based optimal regulation and control method, which analyzed the interconnection relationship between gas, heat, and power grids, and established the nonlinear equations of the gas system, heat system, and power system. The corresponding parameters in the system are obtained by solving the tidal equations of the gas, heat, and power systems, so as to realize the purpose of real-time optimization and control of power among multi-energy microgrids. The above research mainly focuses on the control of the frequency regulation characteristics of the power subsystem after adding clean energy into the multi-energy microgrid or the research on the coordinated and optimized scheduling control of the grid primary frequency regulation and multi-energy microgrid by adding energy storage devices. In order to meet the inertia demand of the multi-energy microgrid system and improve the frequency cooperative support capability of the system, it is necessary to analyze the influencing factors of the inertia demand of the multi-energy microgrid cluster, and to realize the inertia frequency stability of the system through the coordination of multi-energy [16–19].
Current research on frequency control for multi-energy systems. Some references use the energy function method. The energy function method is a method to judge the transient stability of the system directly from the energy point of view without relying on numerical integration. The energy function method is faster than the time domain simulation method and can obtain the stability margin information.
This paper examines the time inertia characteristics of various energy subsystems in a multi-energy microgrid that affect the grid frequency. It then performs dynamic frequency control based on the inertia time characteristics of different energy sources. The first step is to establish a model for the multi-energy microgrid’s inertia demand characteristics. Secondly, we establish the stability criterion for energy supply and demand balance in the multi-energy microgrid by analyzing the real-time state of each energy flow. We then calculate the real-time energy supply satisfaction degree of the system. The system energy demand is quantified by over-assessment using the time scale difference of different energy transmission inertia, and adaptive over-compensation coefficients are preset for the energy balance control of the multi-energy microgrid. The simulation verifies that the multi-energy microgrid can achieve the inertia dynamic frequency control of the system through adaptive overrun control under different fault conditions.
The main research contents of the article are as follows: Section 2 analyzes the inertia demand of multi-energy microgrids. Obtained the effect of transmission time inertia on grid frequency for heat and gas networks in multi-energy microgrids. Section 3 research on adaptive frequency control of multi-energy microgrid. In Section 4, the simulation verification of adaptive control in multi-energy microgrid inertia dynamic frequency control is carried out. Section 5 is the conclusion.
2 Multi-energy microgrid inertia analysis
When the system is disturbed. Taking advantage of the long inertial support time and support capacity of the gas system and the thermal system. Provide power subsystem minute frequency modulation service. The inertia in the multi-energy microgrid mainly contains power-side inertia and load-side inertia. As the inertia in the system is reduced and the inertia distribution is changed, the frequency deviation propagation becomes faster. When the new energy source does not participate in frequency control, the system frequency amplitude becomes larger. If the new energy source participates in frequency control, its output power responds quickly to the frequency change and acts quickly on the generator rotor, which can reduce the frequency amplitude.
When the multi-energy microgrid operates under autonomous conditions, the multi-energy microgrid should be able to cope with the active shocks caused by the interruption of the external contact line through its own regulation, and keep the system frequency change stable within the safe range.
The generalized inertia is composed of rotational inertia and simulated inertia. The rotational inertia includes the rotational inertia of synchronous motor and asynchronous motor. The simulated inertia is the equivalent inertia provided by the power electronic interface device through the improvement of the control strategy. The simulated inertia resources include the following type and the grid type converter resources. The composition of the generalized inertia resource system and the typical equipment of various inertia resources are shown in Figure 1.
	[image: thumbnail]	Fig. 1 Multi-energy coupling system.




2.1 Equivalent inertia of power electronics for multi-energy microgrids
The inertia of a multi-energy system is determined by its total rotational kinetic energy. Distributed generators based on non-rotating power electronics will significantly reduce the overall inertia factor of the system. Distributed generators based on non-rotating power electronics will significantly reduce the overall inertia factor of the system due to the widespread use of renewable energy sources. To measure the active regulation capability of the power electronics interface, the existing concept of rotational inertia and primary FM modulation coefficient is generalized [20, 21].
The equivalent inertia of a power electronic device in a multi-energy system represents Je. Compared with the time t = 0–, the energy increment injected by the power electronic equipment into the power grid at time t is equivalent to the energy released by Je. Mass accelerated from the angular frequency ωe(0_) to ωe(t), where ωe is the angular frequency of the rotating magnetic field corresponding to the grid-side current iabc of the converter.[image: thumbnail](1)

The differential equation form of (1) is[image: thumbnail](2)where Pin,s is the set value of the input power of the grid-connected power electronic equipment in the multi-energy microgrid. Pout is the output power value of power electronic equipment in a microgrid.
The swing equation of a synchronous generator in a power system is:[image: thumbnail](3)

The swing equation of synchronous generator in transient process is obtained as follows:[image: thumbnail](4)TJ is the inertial time constant of the generator set. δ is the rotor angle of the generator. ω is the deviation between the rotor angular velocity and the synchronous angular velocity. ωs is the synchronous angular velocity. H is the inertial time constant. Pm is the mechanical input power of the generator. Pe is the electromagnetic output power of the generator. D is the equivalent damping coefficient. Pe and Ω are the amplitude and disturbance frequency of the periodic disturbance load, respectively.
When there is a sudden fluctuation in the load in the power subsystem, the energy demand in the system is expressed as[image: thumbnail](5)where δ0 is the initial value of generator power angle. δ is the generator power angle after system equilibrium. Pa is the acceleration power of the generator.
2.2 Analysis of frequency influences on multi-energy microgrids considering gas grid response
According to the momentum conservation equation of natural gas pipeline, combined with its flow and pressure relationship. Analogous to the power network, the node flow and node pressure functions of the gas pipeline network are obtained. The momentum balance equation is[image: thumbnail](6)where ρg is the density of the transport medium in the gas network. vg is the flow rate of the medium in the gas network. pg for the gas network pressure. λ for the friction coefficient of the gas network. Usually a function of the gas medium flow rate. D is the diameter of the gas network. θ is the inclination of the pipe network. g is the acceleration of gravity. t, x respectively time and space coordinates.
Rg = λvg/(AD), Lg =1/A, cg =A/(RT), [image: equation]/(2RTD) R and T are the gas constants and temperature of the natural gas, and A is the cross-sectional area of the pipeline. The gas system flow and pressure function model obtained as[image: thumbnail](7)
[image: thumbnail](8)where Zg = Rg + jωLg, Yg = jωCg, Gl is the amount of gas flowing out of the end of the gas pipe network. G0 is the amount of gas flowing into the first end of the network. p0 is the pressure at the first end of the pipeline at the pumping station. l is the length of the pipe. h is the vertical height of the pipe.
In the gas subsystem, the rotational inertia is mainly provided by the gas turbine, so the gas subsystem fluid inertia model is obtained at different nodes as:[image: thumbnail](9)
[image: thumbnail](10)where λ is the gas compression coefficient. ζ is the compressor pressure ratio. Mr is the moment of inertia. PT is the power of the turbine. Pap is the compressor power consumption in the gas network system. PGT is the gas turbine output power.
2.3 Response time analysis of multi-energy microgrids considering thermal network inertia
The main indicators to determine the energy balance in the thermal system are the pressure of the pipe network and the temperature of the transmission medium. By calculating the pressure of the heating network and the temperature of the medium, the transmission energy of the heating network system is obtained, and the energy function model of the thermal system is established.
Similar to the energy function of the power network, the momentum conservation equation of the thermodynamic system is established as:[image: thumbnail](11)where ρh is the density of the transmission medium in the heating network. vh is the velocity of hot medium. D is the diameter of pipe network. ph is the rated pressure of the heat pipe network. λ is the friction coefficient of the pipe network. θ is the inclination angle of the pipe network. g is the acceleration of gravity. t, x denotes time and space respectively.
From the above equation, the relationship between the medium flow rate G and the pressure in the system can be obtained. The pressure balance equation of the thermal system is[image: thumbnail](12)
[image: thumbnail](13)
[image: thumbnail](14)where ph1, ph0 are the pressure at the end and head of the pipeline. A is the cross-sectional area.
When the pumping station in the piping system is pressurized, the relationship between the pressure difference A at the two ends of the pipe and the flow rate is[image: thumbnail](15)where [image: equation] are the intrinsic factor of the pressurized pumping station. [image: equation]is the rotation frequency of the pressurized pump.
The pressure energy required during medium transfer is expressed as[image: thumbnail](16)

By analyzing the pressure energy lost by the transfer of medium flow in the pipe network and the thermal energy transferred. The thermal inertia time in the control process of the thermal subsystem is obtained from the above analysis as[image: thumbnail](17)where Tv is the transmission response time constant of the thermal system. q is the medium flow rate in the system.
3 Adaptive frequency control of multi-energy microgrid
3.1 Multi-energy flow cooperative control mechanism
When analyzing the mechanism of the total energy balance on the power angle change of the power subsystem at a certain time scale in the multi-energy microgrid, divide the energy balance relationship of the multi-energy microgrid into two parts: electric energy balance and non-electric energy balance. At the same time, due to the conversion relationship between electric energy and non-electric energy, such as gas and heat energy, non-electric energy can provide balance support when electric energy is unbalanced at a specific time scale, while electric energy can also provide balance support when non-electric energy is unbalanced.
When the energy balance of a certain energy changes at a specific time scale, it is first judged whether the total energy of the system is balanced. If the total energy of the system is balanced, the energy imbalance support can be provided by the mutual conversion between different energy forms. If the total energy of the system is also unbalanced, it is necessary to increase the energy supply output or reduce the load demand to ensure the energy balance of the system. The control time scale of the power subsystem in the multi-energy microgrid is small, while the energy balance control time scale of the heat and gas system is large. In the case of energy fluctuation of power subsystem, the energy stability control of multi-energy microgrid can be realized by the energy transmission inertia between the pressure energy of the heat and gas subsystem pipe network and the electric energy. Improve the level of grid frequency stability.
3.2 Analysis of adaptive frequency stability control
From the unbalanced power to the system frequency recovery stability. The frequency dynamics of the traditional power system are determined by the kinetic energy increment of the synchronous machine rotor, the unbalanced power, and the rotational inertia. Unbalanced power and rotational inertia determine the frequency acceleration. The increment of rotor kinetic energy further determines the offset of frequency. This mechanism will be promoted in power systems with a large number of power electronic interfaces. The frequency dynamics are determined by the total energy storage increment, unbalanced power, and equivalent inertia of the system.
In the process of energy stability evaluation in multi-energy microgrid. Considering the potential energy at the coupling node of the power subsystem and other energy systems in the multi-energy microgrid, the energy function model is established as follows:[image: thumbnail](18)P, Q, V and θ are active power, reactive power, voltage amplitude, and phase angle respectively. Taking P as an example to illustrate the meaning of each subscript. Pgi and Plj are the active power of generator node i and load node j, respectively. Pij is the active power from node i to node j. D is the generator damping. w represents the angular velocity of the generator rotor.
When the energy in the system fluctuates, the deviation the current frequency of the power grid and the rated frequency is Δfnon(t). According to the current frequency of the system, the system power angle δ is[image: thumbnail](19)Δδv is the offset of the system phase angle after frequency offset. fn(t) is the current frequency of system. Set[image: thumbnail](20)
[image: thumbnail](21)

Equation (3) can be written as[image: thumbnail](22)

Integral (19), and take δ = δ0 to δm as the upper and lower limits of the integral, when δ = δ0 · υ = 0.[image: thumbnail](23)

Taken H0 = −PM (Bδ + cos δ),[image: thumbnail](24)

When H = H0, the trajectory of (υ, δ) is a phase plane trajectory. The calculation of critical values H, δ of Hc and δc can be expressed by the following formula:[image: thumbnail](25)
[image: thumbnail](26)

The state of energy regulation is set to δ = δ′, υ = υ′. In order to ensure the energy balance of the whole energy system, it is necessary to satisfy that the energy function value H(δ′, υ′) is smaller than the E value.[image: thumbnail](27)

When W < 0, the system is stable.
When W = 0, is critical stable state.
When W > 0, is unstable. In the case of unstable system, the system is adjusted in the following steps (Fig. 2):
	
When the multi-energy microgrid is disturbed, the initial inertial response (t0~): the total equivalent inertia of the power supply of the synchronous generator set and the virtual synchronous machine interface determines the initial acceleration of the frequency.



	
When the system frequency fluctuates, the equivalent inertia response (~tp1) is performed by controlling the electronic device: the frequency deviation change rate reaches the threshold, and the power electronic interface power supply with additional inertia provides equivalent inertia to slow down the acceleration of the system frequency drop.



	
When the frequency fluctuation exceeds a certain range, primary frequency modulation (tp1 ~ tp2) is carried out: the frequency drop exceeds the dead zone of primary frequency modulation, and the power supply of the synchronous generator set and VSG set increases output.



	
Frequency secondary drop (tp2~): Since the equivalent inertia of the system is reduced to the minimum at this time, the frequency may decrease rapidly, and the secondary drop extreme value may be smaller than the first drop.



	
Primary frequency recovery frequency: The system frequency is restored to a safe range by increasing the power output in the multi-energy microgrid.



	
Secondary frequency modulation: when the primary frequency modulation makes the adjustment deviation too large, by adjusting the generator output setting value, acting on the unit, wind turbine blade, increasing the generator output of the system, or to a certain extent, according to the heat and gas transmission time inertia to reduce the corresponding load, until the rated frequency of the system is restored.





	[image: thumbnail]	Fig. 2 Frequency adjustment of multi-energy system.





3.3 Adaptive control and parameter adjustment model of multi-energy microgrid
In the process of adaptive parameter cooperative control of inertia frequency of microgrid, the output of new energy in a multi-energy microgrid system has great randomness and volatility, which leads to frequent jitter of system frequency and poses a certain threat to the safe and stable operation of system frequency. In the dynamic control process of multi-energy microgrids, due to the fluctuation of energy supply and demand, it is difficult for the control system to maintain the real-time energy balance of the system under a fixed compensation coefficient. In order to drive the compensation coefficient to change adaptively according to the change of diversity, a compensator that can provide adaptive lead compensation coefficient is designed, which can be expressed by the following function.[image: thumbnail](28)

The leading angle of formula (28) can be written as[image: thumbnail](29)

The phase of the transfer function of the formula (28) is the same as the phase of [image: equation]. The corresponding transfer function can be obtained from the reference [22–24] as follows:[image: thumbnail](30)

As shown in the formula (30), the molecule represents the compensator phase that needs to be regulated in advance. Tc is the time constant related to the system dynamics. The size of the Tc value directly determines the anti-interference ability of the system. If the increase of Tc value increases the gain and phase of the system to a certain extent, the lead compensation of all control loops in the multi-energy microgrid is expressed as[image: thumbnail](31)where Wi is the weight factor of the lead compensator DCi, and the root of the molecule is used as the phase of the lead compensation so formula (32) can be obtained.[image: thumbnail](32)

In the process of multi-energy microgrid control, increasing the advancer can enhance the accuracy of system compensation, thereby increasing the stability of the system. By matching (31), the weight factors of the coefficients on both sides are obtained, and the following equations are obtained:[image: thumbnail](33)when m = 2n + 1, Wi(τd) can be uniquely obtained by solving the neural network, where Tl and Tm are the minimum and maximum lead times of the control system. Therefore, the lead compensation adaptive control based on the set value considering the demand response is shown in Figure 3.
	[image: thumbnail]	Fig. 3 Adaptive leading compensation control of multi-energy system.




4 Example simulation
In this paper, the simulation uses a 21-node distribution network and a 9-node gas distribution network system in Figure 4. The multi-energy microgrid system includes: a power-to-gas device with a capacity of 0.7 MW; the capacity of each gas turbine is 1 MW, and the maximum transmission capacity of the tie line between the multi-energy microgrid and the upper power grid is 30 MW. The equivalent capacity of the thermal power unit in the upper power grid is 100 MW, and the per-unit value of the adaptive advanced control equivalent frequency modulation parameter is set to M = 6.48, K = 28.12, TR = 6.95, FH = 0.41. The length of a single pipeline of the gas system is 8 km, and the diameter of the pipeline is 0.6 m. The adaptive advance compensation control proposed in this paper is used for example simulation verification.
	[image: thumbnail]	Fig. 4 Multi-energy coupling system.




Without considering the hot gas inertia condition in the multi-energy microgrid, the gas turbine can also carry out the active support of the system through its own power output control, while the electric-to-gas device in the system can produce a certain amount of natural gas, which can be regarded as a negative natural gas load. The gas pressure dynamics at each node of the gas distribution network under normal operation and continuous low-frequency/high-frequency perturbation of the multi-energy microgrid is shown in Figure 5, and the light shaded part is the range of fluctuation of the gas pressure at each node, and the upper/lower bounds are the extreme point curves of the gas pressure dynamics under continuous low-frequency/high-frequency perturbation. Under the premise of gas system inertia, the gas pressure at the nodes of the whole gas distribution network is still within a reasonable range through inertia control, which can avoid the unfavorable impact of the gas pressure overrun at the nodes of the gas distribution network caused by the participation of multi-energy microgrids in P-frequency regulation.
	[image: thumbnail]	Fig. 5 Pressure dynamic curve.




In the multi-energy microgrid, the inertia level of the power subsystem is affected by the adaptive advance control of heat and gas, thus affecting the power angle oscillation characteristics of the generator in the system. Among them, the inertia time control of hot gas affects the inertia demand of the system, thus affecting the power angle oscillation of the unit. When the electric power shortage, gas load, synchronous machine output, wind power output, and photovoltaic output in the multi-energy microgrid system are shown in Figure 6. In order to analyze the influence of multi-energy microgrid coupling demand response on system frequency stability, the system frequency variation under the coordinated control of electricity, heat, and gas is obtained by analyzing the inertia control of multi-energy microgrid under different scene conditions. The following three scenarios are simulated respectively.
	[image: thumbnail]	Fig. 6 Load demand and wind power and photovoltaic output.




Scenario 1: When the renewable energy output in the multi-energy microgrid is reduced at 10 s, and the other energy supply and load demand in the system remain unchanged, the adaptive control method with different lead compensation coefficients is adopted. The lead time is 0s, 20s, and 40s respectively, and the system frequency simulation results are shown in Figure 7. In the case of reduced power supply, by increasing the supply of gas, and through the gas turbine to supply the corresponding power and provide a certain inertia support. The upper system power angle quickly restores stability. When the system fluctuates, the power angle fluctuation of the synchronous generator is compared between the time inertia control considering the multi-energy microgrid and the time inertia control without the multi-energy microgrid as shown in Figure 8.
	[image: thumbnail]	Fig. 7 Frequency fluctuation simulation diagram.




	[image: thumbnail]	Fig. 8 Power angle fluctuation of synchronous motor.




Scenario 2: When the gas turbine 3 in the multi-energy microgrid fails at 10 s, the lead time of 0s, 20s and 40s is taken respectively. The system frequency is shown in Figure 9. Due to the large inertia of the gas network, when the system fails, there is no instantaneous large energy fluctuation in the multi-energy microgrid. Through adaptive advance control, under the premise of less gas supply to ensure the pressure of the pipe network, the upper system increases the output power of the synchronous machine. The power transmission capacity of the tie line is increased, and the frequency is restored to be stable. The power angle change is compared with the time inertia control of the microgrid and the time inertia control of the multi-energy microgrid (Fig. 10).
	[image: thumbnail]	Fig. 9 Frequency fluctuation simulation diagram.




	[image: thumbnail]	Fig. 10 Power angle fluctuation of synchronous motor.




Scenario 3: When the grid node 21 and the gas supply network 7 in the multi-energy microgrid fail at the same time. The lead time was set to 0 ms, 20 s, and 40 s respectively. In order to verify the dynamic performance of the designed control method, a 20% load disturbance is applied to the multi-energy microgrid at t = 30 s, and the system response curve is shown in Figure 11. When the power and gas network in the system fail at the same time, by enabling the energy storage device, under the large time inertia response of the gas system, the frequency fluctuation of the system is obviously reduced after 20 s advanced compensation control. The control system can perform advanced compensation control before the energy of the multi-energy microgrid changes greatly to ensure the stability of the multi-energy microgrid energy. The comparison between the time inertia control considering the multi-energy microgrid and the time inertia control without the multi-energy microgrid is as follows. The power angle of the synchronous generator can be quickly restored to stability by using the method proposed (Fig. 12).
	[image: thumbnail]	Fig. 11 Frequency fluctuation simulation diagram.




	[image: thumbnail]	Fig. 12 Power angle fluctuation of synchronous motor.




Through the analysis of simulation results, the advanced time scale control method of multi-energy microgrid based on energy function is obtained. It can maintain the sum of the electric heating gas energy demand in the system consistent with the sum of the actual control output, and ensure the energy balance. In the process of setting the lead time control, the system control effect is optimal at 20 s. The adaptive advanced energy function control method can improve the minimum power angle oscillation of the system.
Through multi-scenario simulation, in the case of system disturbance or failure. Through the advanced control method based on energy flow, the transmission and transformation of energy can be reasonably controlled according to the renewable energy output and load power in the system. The coordination of the heat and gas network in the system and the traditional power supply in the region participates in the stability balance control, so as to suppress the influence of system disturbance and fault on the system stability.
The analysis of the frequency curve in Figure 13 shows that the inertia demand of the multi-energy microgrid system increases with the extension of the response time of the gas network adjustment power in the system. When the power adjustment time of the gas network in the multi-energy microgrid exceeds 1 min, the inertia demand of the multi-energy microgrid system is greater than the inertia reserve inside the system. The danger of active power imbalance caused by expected faults cannot be solved by putting more inertia levels into operation alone. If the gas network load can respond quickly after receiving the control signal within a period of time before the system fluctuation, the power adjustment task can be completed. The inertia demand in multi-energy microgrids is greatly reduced. The heat network gas network in the multi-energy microgrid system based on advanced control completes power adjustment within a reasonable time. When the inertia time is equal to 2 ~ 5min, the quasi-steady-state frequency of the system is low. At this time, it can be considered to increase the proportional coefficient of the inertia control of the gas network, so as to improve the quasi-steady-state frequency of the system.
	[image: thumbnail]	Fig. 13 Influence of power adjustment speed of heat and gas network on frequency change.




5 Conclusion

	
Aiming at the problem of inertia reduction and frequency stability control difficulty in multi-energy microgrids. In this paper, a generalized inertia model in a multi-energy microgrid is established. The classification of inertia in multi-energy microgrid is analyzed. Combined with the difference in energy transmission time scale of different energy subsystems, the energy function of a multi-energy microgrid is established to analyze the system frequency stability process, and the source of inertia energy in a multi-energy microgrid is obtained. Provide sufficient energy support for the power system to maintain system frequency stability.



	
Aiming at the different characteristics of transmission time scales of the power grid, heating network, and gas network in multi-energy microgrids. Through the short-term storage and pressure adjustment method of the pipe network system. The advanced control coefficient is set to realize the power balance of the multi-energy microgrid in a short time and maintain the frequency stability of the system. In the advanced control method of casting in this paper. When the lead time is set to 20 s, the system stability is the best.



	
In order to maintain the stability of the system frequency in the multi-energy microgrid, there is a shortage of inertia level and active power in the system when the multi-energy microgrid fails. The control time scale of the hot gas system is obtained by calculating the allowed latest intervention time of the primary frequency modulation. The simulation results show that the stable control of the system power angle can be effectively realized by adaptive advance control.
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