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Can adistributed control strategy support frequency regulation in power systems?
Abstract: In this paper a distributed control strategy for coordinating multiple battery energy storage systems
to support frequency regulation in power systems with high penetration of renewable generation is proposed.

Can large-scale battery energy storage systems participate in system frequency regulation?

In the end, a control framework for large-scale battery energy storage systems jointly with thermal power units
to participate in system frequency regulation is constructed, and the proposed frequency regulation strategy is
studied and analyzed in the EPRI-36 node model.

How effective is a distributed control strategy for coordinating battery energy storage systems?

The effectiveness and scalability of the proposed strategy is assessed through several case studies. In this
paper a distributed control strategy for coordinating multiple battery energy storage systems to support
frequency regulation in power systems with high penetration of renewable generation is proposed.

What is the frequency regulation control framework for battery energy storage?

(3) The frequency regulation control framework for battery energy storage combined with thermal power
unitsis constructed to improve the frequency response of new power systems including energy storage
systems. The remainder of this paper is organized as follows.

Does battery energy storage participate in system frequency regulation?

Combining the characteristics of slow response,stable power increase of thermal power units,and fast response
of battery energy storage,this paper proposes a strategy for battery energy storage to participate in system
frequency regulationtogether with thermal power units.

Isthere afast frequency regulation strategy for battery energy storage?

The fuzzy theory approach was used to study the frequency regulation strategy of battery energy storage in the
literature , and an economic efficiency model for frequency regulation of battery energy storage was also
established. Literature proposes a method for fast frequency regulation of battery based on the amplitude
phase-locked |oop.

Research Gap: Despite the existing literature on frequency regulation and energy storage solutions for wind
power integration in power systems, there is a need for an updated and comprehensive review that addresses
the specific challenges, advancements, and potential applications in modern power systems. The review aims
to bridge thisresearch ...

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
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can reduce the peak-to-valley load difference and effectively relieve the peak regulation pressure of the grid
[10].Lai et a. [11] proposed a...

Expensive to buy, own and operate - The high costs of flywheel energy storage upwards - from $300,000 to $3
million / MWh (megawatt hour) for the best flywheel energy storage systems are not competitive with other
energy storage and frequency regulation alternatives, particularly when the operating and maintenance costs
arefactoredin. The ...

A three-stage optimal scheduling model of IES-VPP that fully considers the cycle life of energy storage
systems (ESSs), bidding strategies and revenue settlement has been proposed in this paper under the modified
PIM frequency regulation market framework to motivate the aggregated resources to respond to the frequency
regulation market actively.

Due to the integration of hybrid renewable resources (RRS), it has become more costly to perform frequency
regulation solely from conventional resources [1].Alternatively, in addition to growing conventional
generators, the distributed energy resources (DERS) are expanding more to satisfy the dynamic loads.

Recently, researchers across the world are aiming to reign in the intermittency of the REG with or without
energy storage systems (ESS) using several advanced control schemes [2], ... which helps to schedule
appropriate frequency regulation on distributed level. ...

As the amount of distributed energy storage (DES) in a power system continues to increase, it will not be long
before there are multiple DES aggregators participating in frequency regulation, and the realization of their
coordinated control is a critical topic of current research. This study focused on the primary frequency
regulation (PFR) power allocation strategy ...

To address this, an effective approach is proposed, combining enhanced load frequency control (LFC) (i.e.,
fuzzy PID- T $${1}{lambda}{D}"{mu } $$ ) with controlled energy storage systems...

Renewable energy sources are growing rapidly with the frequency of global climate anomalies. Statistics from
China in October 2021 show that the installed capacity of renewable energy generation accounts for 43.5% of
the country"s total installed power generation capacity [1].To promote large-scale consumption of renewable
energy, different types of ...

The distributed energy storage architecture is provided by . The DC-DC converter connects the energy storage
device to the wind turbine DC bus. References [17,18] examine the collaborative wind turbine energy storage
device's frequency regulation features and suggest a wind storage combination control technique for

frequency regulation.

Integrating wind power with energy storage technologies is crucial for frequency regulation in modern power
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systems, ensuring the reliable and cost-effective operation of power systems while promoting the widespread
adoption of renewable energy sources. Power systems are changing rapidly, with increased renewable energy
integration and evolving system ...

Due to the strong effect of microgrid inertia on the microgrid frequency response and stability, the integration
of low or non-existing inertia renewable energy resources requires additional research effort [9].A lot of
research are being done to figure out how to solve this problem while considering the system”s cost and
complexity.

The proposed frequency regulation structure improves the frequency response of the power system caused by
load and generation variations under different operation conditions and the simulation results validate the
effectiveness of the proposed method. In this paper, distributed energy storage systems (DESSs) for power
system frequency regulation are ...

This paper presents a fuzzy based frequency control strategy by the Megawatt (MW) class distributed PV
systems and electric vehicles (EVs). The frequency control is proposed from the view point of the frequency
fluctuation problem produced by the large penetration of PV power and sudden load variation. The fuzzy
based frequency control has three inputs. average ...

Battery energy storage systems (BESS) have wide applicability for frequency regulation services in power
systems, owing to their fast response and flexibility. In this paper, a distributed method for frequency
regulation based on the BESS is proposed, where the method includes two layers. The upper layer is a
communication network composed of agents, which ...
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