
ENERGY STORAGE SYSTEM FREQUENCY
REDUCTION CAPABILITY

However, the inconsistency and intermittent nature of renewable energy

will introduce operational risks to power systems, e.g., frequency and

voltage stability issues [5].The use of an energy storage technology

system (ESS) is widely considered a viable solution.

Frequency is a crucial parameter in an AC electric power system.

Deviations from the nominal frequency are a consequence of imbalances

between supply and demand; an excess of generation yields an increase

in frequency, while an excess of demand results in a decrease in

frequency [1].The power mismatch is, in the first instance, balanced by

changes in a?|

i) flexible generation to ensure back-up capacity, ii) greater

interconnection to systems beyond the region, iii) enabling demand to

respond more to short-term price signals, and iv) increased electrical

energy storage systems (ESS). From grid stability point of view, frequency

dynamics a?|

Energy storage is a unique asset capable of providing tremendous value

and flexibility to the electrical grid. Battery energy storage systems

(BESSs) can be used to provide services at the bulk energy or

transmission levels while simultaneously providing localized benefits

unattainable for traditional generation capacity; capacity that is larger and

therefore a?|

In this paper, a novel power management strategy (PMS) is proposed for

optimal real-time power distribution between battery and supercapacitor

hybrid energy storage system in a DC microgrid. The DC-bus voltage

regulation and battery life expansion are the main control objectives.

Contrary to the previous works that tried to reduce the battery current

magnitude a?|
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To improve the primary frequency reserve (PFR) and the inertia response

(IR) of the grid, a configuration method for an energy storage system

(ESS) is proposed. The relationship a?|

The coal-based system is restricted in its capacity to give the frequency

control due to the limitation of the power ramp rate.  The frequency

variation is 49.66a??50.23 Hz without the energy storage system and

frequency variation is 49.67a??50.20 Hz with the energy storage system,

so, the frequency variation is improved using the advanced 

Abstract The indirect benefits of battery energy storage system (BESS) on

the generation side participating in auxiliary service are hardly quantified

in prior works.  power plants based on the theory of rotor fatigue life loss

and establish a benefits model that considers the unit loss reduction

during frequency regulation and the delay in 

tion of coal-i!?red units, and building energy storage systems [3a??6].

Because of the rapid development of large-capacity energy storage

technology and its excellent regulation perfor-mance, utilizing energy

storage systems for frequency and peak regulation becomes a popular

research topic [7, 8]. However,

Grid-scale storage plays an important role in the Net Zero Emissions by

2050 Scenario, providing important system services that range from

short-term balancing and operating reserves, ancillary services for grid

stability and deferment of investment in new transmission and distribution

lines, to long-term energy storage and restoring grid operations following a

blackout.
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This microgrid consists of a 3.125 MVA diesel generator (DG) with a 1.5

MW PV generator (PVG) to supply two loads through a radial medium

voltage AC distribution system. A hybrid energy storage system is

connected to the system to improve the stability of the proposed microgrid

including a lead-acid battery with a supercapacitor (SC).

2.3 Energy storage system model. Typically, the IR and PFR stages are

separated in time frame as given in Figure 2. Hence, the energy storage

systems deployed for IR and PFR can be controlled independently.

Therefore, the subscripts ''ir'' and ''pfr'' are used in this study to denote the

storage deployed for IR and PFR, respectively.

frequency stability support) requires low and medium capacity energy

storage devices with a response time of tens of seconds [1]. Batteries

(lead-acid, NaS) flywheels, supercapacitors have been all deployed for

frequency regulation [3]. Battery energy storage has a?|

The microgrid (MG) concept, with a hierarchical control system, is

considered a key solution to address the optimality, power quality,

reliability, and resiliency issues of modern power systems that arose due

to the massive penetration of distributed energy resources (DERs) [1].The

energy management system (EMS), executed at the highest level of the

MG's control a?|

This study suggests a novel investment strategy for sizing a

supercapacitor in a Battery Energy Storage System (BESS) for frequency

regulation. In this progress, presents hybrid operation strategy considering

lifespan of the BESS. This supercapacitor-battery hybrid system can slow

down the aging process of the BESS. However, the supercapacitors are

a?|
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Battery energy storage systems (BESSs) have attracted significant

attention in managing RESs  distributed BESS has more flexibility in

storage capacity and location selection. BESS distributed and installed in

residential and commercial buildings can reduce the fixed cost of battery

farm construction.  frequency deviation reduction [84 

The parameters estimation and frequency dynamics modeling block

contains high fast and precise algorithms for estimation of some important

parameters and frequency characteristics including system inertia [[144],

[145]], droop characteristic, synchronizing coefficient between various

areas [146], ROCOF, frequency nadir, and time at which the a?|

Energy storage systems, in terms of power capability and response time,

can be divided into two primary categories: high-energy and high-power

(Koohi-Fayegh and Rosen, 2020).High-energy storage systems such as

pumped hydro energy storage and compressed air storage, are

characterized by high specific energy and are mainly used for high energy

input a?|

Many new energies with low inertia are connected to the power grid to

achieve global low-carbon emission reduction goals [1].The intermittent

and uncertain natures of the new energies have led to increasingly severe

system frequency fluctuations [2].The frequency regulation (FR) demand

is difficult to meet due to the slow response and low climbing rate of a?|

Battery electricity storage is a key technology in the world's transition to a

sustainable energy system. Battery systems can support a wide range of

services needed for the transition, from providing frequency response,

reserve capacity, black-start capability and other grid services, to storing

power in electric vehicles, upgrading mini-grids and supporting

"self-consumption" of 

(C) 2026 PV Storage Systems 4 / 6 Web: https://www.twojaelektryka.com.pl



ENERGY STORAGE SYSTEM FREQUENCY
REDUCTION CAPABILITY

Challenging frequency control issues, such as the reliability and security of

the power system, arise when increasing penetration levels of

inverter-interfaced generation are imposed. As a result of the

displacement of convention generation in favour of renewable energy

sources, the reduction of frequency response capabilities can be seen.

A hybrid ESS (HESS) [BESS + supercapacitor (SC)] may be considered

as a potential candidate to overcome the limitations in using a single

storage device [15, 16].The power and energy characteristics of BESS

and SC are given in Table 1.Unlike BESS, the SC has higher-power

density, the lower capital cost associated with power density, higher

number of a?|

Very recently, the energy storage systems (ESS) have been discussed

widely with the intention of solving the problem of frequency instability in

distributed generation system (DG) . The ESS is found to be most a?|

To solve the above problems, an auxiliary energy storage system (ESS)

has been widely used to provide frequency support with the rapid

development of energy storage equipment. In [9, 10], the authors applied

ESS to restrict the frequency excursion caused by an uncertain

disturbance in the wind integrated systems.

As one of the frequency regulation resources, flexible load, i.e. the

industrial load, has the huge potential [[7], [8], [9], [10]].The existing works

show that the smelting furnaces have the huge thermal inertia which is not

influenced by instant power change [11].When they are in smelting

condition, they can be shutdown in a short time.
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The storage capability defines the quantity of electricity accessible in a

BESS or the amount of electric charge stored in a battery, power attribute

specifies how much power a battery can supply or how much power a

BESS can deliver, round-trip efficiency describes the ratio of energy

delivered by a battery (during discharge) to the energy given during a

charge a?|

Renewable Energy Sources (RESs) in power systems have the potential

to negatively impact the system frequency. Fast power response Energy

Storage System (ESS) technolo-gies can mitigate frequency variations

when included in the Frequency Regulation (FR) control loop [1].

Furthermore, ESS technology applications to power grids such as FR are
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