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Studying frequency regulation methods for the microgrid with sES provides new ideas and motivation for

developing sES. To fill mentioned research gaps, the paper focuses on DRL-based frequency regulation

methods that balance frequency stability and economics for the microgrid with sES. The main contributions of

the paper are as follows, (1)

tems that affect the system frequency. Frequency regulation maintains the power system frequency around the

nominal value by compensating generation-load mismatch [1]. Tra-ditionally, regulation capacity has been

largely provided by conventional generators. However, the ramping capabilities of conventional generators

limit their participation ...

The system frequency is kept near the required rated value in this approach. The dynamic behavior of

automated tie-line power and frequency regulation of power systems was investigated and the findings were

reported in one of the earliest papers on the subject of power system frequency control [9]. A straightforward

two-region power system grid ...

In order to solve the above problems, in-depth research have been carried out and a series of results have been

achieved. In terms of wind turbines frequency regulation, there are two schemes to increase the frequency

regulation capacity of wind turbines: scheme of controlling wind turbine itself and control scheme of wind

power combined with energy storage ...

There are many measures proposed to address the effects of low system inertia mostly with Battery Energy

Storage System (BESS) [10].The author in [12] presents a new approach for optimizing the size of BESS for

frequency regulation of microgrid considering the state of charge of battery. A coordinated control of the

energy storage and plug-in electric ...

The integration of renewable energy into the power grid at a large scale presents challenges for frequency

regulation. Balancing the frequency regulation requirements of the system while considering the wear of

thermal power units and the life loss of energy storage has become an urgent issue that needs to be addressed.

In order to solve the capacity shortage problem in power system frequency regulation caused by large-scale

integration of renewable energy, the battery energy storage-assisted frequency regulation is introduced. In this

paper, an adaptive control strategy for primary frequency regulation of the energy storage system (ESS) was

proposed. The control strategy ...

The PV arrays of PV2 work in the PRC mode, adjusting the output power according to system frequency for

long-term frequency regulation. The PRC can be achieved on both sides of the PV power characteristic curve,
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as shown in Fig. 2.When operating on the right side, the voltage change required for power regulation is small

with a fully adjustable power ...

The two-region interconnected power framework is displayed in Fig. 16.1.The modern power system may be

highly fluctuating due to active power flow fluctuation and demand stochasticity [7], [8].Thus, the future

flexible power systems need to be additionally enhanced and the advanced LFC schemes need to be tackled

such issues.

Energy storage has been applied to wind farms to assist wind generators in frequency regulation by virtue of

its sufficient energy reserves and fast power response characteristics (Li et al., 2019).Currently, research on

the control of wind power and energy storage to participate in frequency regulation and configuration of the

energy storage capacity ...

Advanced Energy Storage: Utilizing batteries and other storage solutions provides backup power and supports

frequency stability during disturbances. Artificial Intelligence and Machine Learning: AI and machine

learning algorithms optimize frequency regulation by predicting demand patterns and adjusting controls in

real-time.

As far as existing theoretical studies are concerned, studies on the single application of BESS in grid peak

regulation [8] or frequency regulation [9] are relatively mature. The use of BESS to achieve energy balancing

can reduce the peak-to-valley load difference and effectively relieve the peak regulation pressure of the grid

[10].Lai et al. [11] proposed a method ...

IEEE TRANSACTIONS ON POWER SYSTEMS, SUBMITTED SEPTEMBER 2020 1 Frequency

Regulation Model of Bulk Power Systems with Energy Storage N. Sofia Guzman E., Member, IEEE, Claudio

A. Caizares, Fellow, IEEE, Kankar Bhattacharya, Fellow, IEEE, and Daniel Sohm, Member, IEEE

Abstract--This paper presents a dynamic Frequency

When the hybrid energy storage combined thermal power unit participates in primary frequency modulation,

the frequency modulation output of the thermal power unit decreases, and the average output power of thermal

power units without energy storage during the frequency modulation period of 200 s is -0.00726 p.u.MW,C

and D two control ...

Capacitive energy storage with optimized controller for frequency regulation in realistic multisource

deregulated power . In addition, the energy storage system (ESS) also has great potential in maintaining the

power balance and sustaining the grid frequency during sudden disturbances to support the AGC in the power

system [8] recent years, a substantial ...

Battery energy storage system (BESS) has been regarded as an effective technology to regulate system

frequency for power systems. However, the cost and the system security of battery energy storage are the
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bottle necks for the battery energy storage system to be applied to practical projects for frequency regulation.

The study object of ancillary services is limited to PFR, while ancillary services also include secondary

frequency regulation, automatic generation control (AGC), peak shaving, reactive power regulation, standby,

black start, etc. Therefore, further study on secondary frequency regulation and other important service

functions could be carried out.

The energy storage recovery strategy not only ensures that the battery pack has the most frequency modulation

capacity margin under the condition of charging and discharging, but also can detect the SOC drop caused by

the self-discharge of the battery pack in time and charge it to ensure energy storage The SOC of the battery

pack is kept at about 0.5, which ...

With the continuous improvement of wind power penetration in the power system, the volatility and

unpredictability of wind power generation have increased the burden of system frequency regulation. With its

flexible control mode and fast power adjustment speed, energy storage has obvious advantages in participating

in power grid frequency regulation. ...

At present, many scholars have carried out relevant studies on the feasibility of energy storage participating in

the frequency regulation of power grid. Y. W. Huang et al. [10] and Y. Cheng et al. [11] proposed a control

method for signal distribution between energy storage and conventional units based on regional control

deviation in proportion; J. W. Shim et al. [12] ...

We propose a method of ESS active power regulation by droop control and a method of FL reactive power

control based on load voltage sensitivity, based on which an active-reactive power coordinated control strategy

is proposed. ... Assessment of the effectiveness of energy storage resources in the frequency regulation of a

single-area power ...

In an extensive study of California frequency regulation resources, Makarov et al reported that 1 MW of an

ideal fast responding regulation asset, with instantaneous response and infinite energy, provides roughly the

same impact as 1.7 MW of regulation supplied by hydro power, 2.7 MW of regulation supplied by combustion

turbines, or 29 MW of ...
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