
Frequency regulation scheme for
photovoltaic energy storage system

Can a grid-connected solar photovoltaic system participate in primary frequency regulation?

This paper presents a strategy for a grid-connected solar photovoltaic system to participate in primary

frequency regulationwithout energy storage support. A combined fuzzy-based de-load control and control

mode selector enables the PV system to operate at a scheduled level of power reserve.

 

Why is frequency regulation needed for PV systems?

Due to the increasing penetration of photovoltaic (PV) systems,the rotational inertia of power systems has

been reduced,affecting the system's frequency regulation capability. Therefore,there is an increasing need for

PV systems to participate in frequency regulation.

 

Does grid-tied PV participate in frequency regulation?

Grid-tied PV operating in Maximum Power Point (MPP) mode do not have any stored energy to participate in

frequency regulation. To enable PV to participate in frequency regulation,it needs to be de-loaded,allowing a

portion of its power output to be used for this purpose.

 

What is frequency regulation in electric power system?

Frequency regulation in the electric power system consists of primary control,secondary control or automatic

generation control (AGC) and tertiary control . Primary frequency consists of two subparts inertial response

and governor response.

 

Does power fluctuation affect the frequency regulation mechanism of large scale PV units?

Major utilities will enforce stringent regulations in operating large scale PV units in future. Therefore,the

power fluctuation of large scale PV units must be limited; otherwise it produces potential reliability impacton

the system frequency regulation mechanism.

 

Do large scale PV power plants provide frequency based ancillary service?

Similarly,deregulation of electricity market encourages large scale PV power plant (LPVPP) to provide

frequency-based ancillary servicewhich could enhance not only system stability but also operational

economics. B. I. Craciun et al.  in their work displayed the impact of synthetic inertia from large scale PV

power plants.

None of the existing storage technologies can meet both power and energy density at the same time. Due to

storage technological limitations, it is often necessary to enrich the transient and steady state performance of

storage system called as hybrid energy storage system (HESS) [18, 19]. Appropriate technologies with

required control schemes ...

This paper firstly presents the technical requirements of energy storage participating in primary frequency
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regulation in China, and then puts forwards a frequency regulation technology ...

Photovoltaic plants participated in frequency regulation can be classified into two kinds: PV plants equipped

with or without internal energy storage systems (ESSs). For the PV ...

To enable PV plants to contribute to FFR, a hybrid energy system is the most favorable candidate, and its

power sharing algorithm significantly influences the FFR capability ...

Configuring a certain capacity of ESS in the wind-photovoltaic hybrid power system can not only effectively

improve the consumption capability of wind and solar power generation, but also improve the reliability and

economy of the wind-photovoltaic hybrid power system [6], [7], [8].However, the capacity of the

wind-photovoltaic-storage hybrid power system (WPS-HPS) ...

A similar strategy has been proposed for a solar-PV system to obtain frequency support during a black-start

event [9]. In [10] authors have proposed a hierarchical frequency regulation scheme for a solar-PV and active

power output was adjusted based on a p-f droop curve. All these strategies require a power reserve at the

solar-PV while ...

According to the electric price, operation cost, the PV array reconfiguration optimization economic model is

established to determine the required energy storage power, power generation planning and charging and ...

Simulation results validate the effectiveness of the proposed control method in maintaining grid stability

during dynamic frequency variations. Hambissa et al. [23] suggest a fast frequency control technique for

battery energy storage systems (BESS) to mitigate frequency deviations caused by high PV penetration. The

paper emphasizes the ...

Coordinated control technology attracts increasing attention to the photovoltaic-battery energy storage

(PV-BES) systems for the grid-forming (GFM) operation. However, there is an absence of a unified

perspective that reviews the coordinated GFM control for PV-BES systems based on different system

configurations. This paper aims to fill the gap ...

To construct a new power system with new energy as the main body in China, the traditional synchronous

generators are gradually replaced by the power electronics devices, which contain photovoltaic power, wind

power, energy storage system (ESS), and high voltage DC (HVDC) transmission, resulting in the insufficient

inertia level and the poor primary frequency ...

Sharma, and M. Sharma [9][10] showed that the power system with a large-scale solar energy system that

consists of the PV cells and energy storage allows an obvious reduction in the requirement of ...

18]. A two-stage grid-connected PV system with frequency response capabilities was investigated, the droop
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controller reduces the maximum frequency excursions while the inertia controller increases the system inertia

[19]. A fast frequency regulation scheme was designed for a PV system, in which both

A BESS control loop in the load frequency control system to regulate frequency in an intelligent way is

proposed in Al-Hinai et al. (2021). On the other hand, energy storage systems are comprehensively evaluated

for inertia emulation and frequency regulation improvement in Niu et al. (2023a). However, all the mentioned

works rely on dynamic ...

The reduced frequency regulation capability in low-inertia power systems urges frequency support from

photovoltaic (PV) systems. However, the regulation capability of PV system under conventional control

scheme is limited, which demands flexible power control and support from battery energy storage systems

(BESSs). This paper proposes an energy ...

Thus, the power smoothing service and frequency regulation service of the PV panels and WTGs are not

considered. ... the frequency nadirs of Schemes 4 and 5 are 59.11 Hz and 59.14 Hz, respectively. The available

power reserve limits the maximum power change of the HESS. ... A comprehensive study of

battery-supercapacitor hybrid energy storage ...

Effectiveness of the proposed sequential frequency regulation scheme. ... On droop control of

energy-constrained battery energy storage systems for grid frequency regulation. IEEE Access, 7 (2019), pp.

166353-166364. Crossref View in Scopus Google Scholar [17] N. Sockeel, J. Gafford, B. Papari, et al.

In this paper, a power control strategy of PV has been formulated for frequency regulation without any energy

storage system. The proposed controller derives droop and ...

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 aggregated entity formed by the distributed photovoltaic (DPV) and energy storage system has the

capability to offer multiple services in the electricity markets, reaping the advantages of both energy arbitrage

and frequency regulation. This article focuses on developing a bidding strategy and operation plan for an

aggregated entity from a profit pursuit perspective. ...

The high penetration of photovoltaic (PV) in power grids typically leads to the displacement of traditional

synchronous generators (SGs). However, with a high penetration of PV, fewer SGs are running, and the

sharing of responsibility to control the system frequency is reduced and easily exacerbates the problem of

reduced inertia response in the power system.
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The rapid development of the global economy has led to a notable surge in energy demand. Due to the

increasing greenhouse gas emissions, the global warming becomes one of humanity''s paramount challenges

[1].The primary methods for decreasing emissions associated with energy production include the utilization of

renewable energy sources (RESs) and the ...

2. Battery Energy Storage Frequency Regulation Control Strategy. The battery energy storage system offers

fast response speed and flexible adjustment, which can realize accurate control at any power point within the

rated power. To this end, the lithium iron phosphate battery which is widely used in engineering is studied in

this paper.

Battery energy storage system (BESS) has been applied extensively to provide grid services such as frequency

regulation, voltage support, energy arbitrage, etc. Advanced control and optimization algorithms are

implemented to meet operational requirements and to preserve battery lifetime. ... Frequency support, energy

arbitrage: PV, WTG: Co ...

PV at this time of the relationship between penetration and photovoltaic energy storage in the following Table

8, in this phase with the increase of photovoltaic penetration, photovoltaic power generation continues to

increase, but the PV and energy storage combined with the case, there are still remaining after meet the

demand of peak load ...

The variability of the PV system is addressed with different energy storage devices such as the flywheel

system and the BESS, and the hybrid system was found to be very ...

This work proposes the strategy of the proportional-integral-derivative regulator with noise reduction filter

(PIDF) for frequency and tie-line power flow regul

This paper proposes a coordinated frequency regulation strategy for grid-forming (GFM) type-4 wind turbine

(WT) and energy storage system (ESS) controlled by DC voltage synchronous control (DVSC), where the

ESS consists of a battery array, enabling the power balance of WT and ESS hybrid system in both

grid-connected (GC) and stand-alone (SA) modes.
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