
The significance of thermal power energy
storage frequency regulation

How to improve the frequency regulation capacity of thermal power units?

In order to enhance the frequency regulation capacity of thermal power units and reduce the associated

costs,multi-constrained optimal control of energy storagecombined thermal power participating in frequency

regulation based on life loss model of energy storage has been proposed. The conclusions are as follows:

 

Can energy storage support the frequency regulation of thermal power units?

Comprehensive evaluation index performance table. Therefore, in the current rapidly developing new energy

landscape where conventional frequency regulation resources are insufficient, the proposed strategy allows for

more economical and efficient utilization of energy storage to support the frequency regulation of thermal

power units.

 

How does frequency regulation affect energy storage?

When the energy storage system must be charged under the condition of frequency regulation,the charge

power absorbed by the energy storage system steadily decreaseswhen the SOC is at a high boundary value,and

it eventually cannot absorb the charge power when the SOC hits the critical value.

 

Does battery energy storage participate in system frequency regulation?

Since the battery energy storage does not participatein the system frequency regulation directly,the task of

frequency regulation of conventional thermal power units is aggravated,which weakens the ability of system

frequency regulation.

 

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.

 

Can large-scale energy storage battery respond to the frequency change?

Aiming at the problems of low climbing rate and slow frequency response of thermal power units, this paper

proposes a method and idea of using large-scale energy storage battery to respond to the frequency change of

grid system and constructs a control strategy and scheme for energy storage to coordinate thermal power

frequency regulation.

The2MW energy storage device for unit joint frequency modulation in Shi Jing Shan Thermal Power Plant is

the first application case in China, and it broadens the perspectives of frequency modulation controlled in the

thermal power plants.

At present, there are many feasibility studies on energy storage participating in frequency regulation.

Literature [8] proposed a cross-regional optimal scheduling of Thermal power-energy storage in a dynamic
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economic environment.Literature [9] verified the response of energy storage to frequency regulation under

different conditions  literature [10, 11] analyzed ...

Analyzing the variation of steam turbine output power in two regions under continuous disturbance in Fig. 17,

when using a 6 MW flywheel energy storage system to assist thermal power unit frequency regulation, the ...

Simulation results show that flywheel energy storage can significantly improve the stability and flexibility of

thermal power unit operation. Ref. [10] proposes a cooperative hierarchical control strategy for isolated

microgrids with energy storage systems, to coordinate the state of charge and frequency regulation of the

energy storage system.

: ,?,,- ...

References [14, 15] propose an energy storage-thermal power joint frequency regulation strategy considering

cycle losses to reduce frequency regulation losses. References [16] proposes a control strategy coordinating

thermal power frequency regulation with the advantages of FESS to reduce unit wear and suppress reverse

frequency regulation.

The primary objective of this study is to examine the challenges related to load frequency regulation in

interconnected multi-area power systems, which encompass various renewable energy sources such as solar

power, wind turbine generators, and energy storage devices (ESDs). In order to improve the parameters of the

fractional order proportional integral ...

Abstract: The requirement for primary frequency regulation (PFR) capability of thermal power plants (TPPs)

in power systems with larger penetration of renewable energy resources (RESs) ...

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.

Hence, numerous studies on this topic have been conducted, covering a range of different approaches and

methods. Optimization of control strategies and design modifications are fundamental approaches to

enhancing power plant flexibility, primarily by leveraging heat storage in equipment [3].This includes the

adaptation of water-fuel ratio control strategy for ...

storage, cavern thermal energy storage, and molten-salt thermal energy sto rage. Sensible Sensible solid

storage, on the other hand, comprises borehole thermal energy storage and packed-

A hybrid energy storage system combined with thermal power plants applied in Shanxi province, China.

Taking a thermal power plant as an example, a hybrid energy storage system is composed of 5 MW/5 MWh
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lithium battery and 2 MW/0.4 MWh flywheel energy storage based on two 350 MW circulating fluidized bed

coal-fired units.

Long et al. [18] Elimination of grid frequency fluctuations with the aid of condensate throttling 2017 Wang et

al. [12] Optimize PFR control strategy to improve frequency regulation capacity 2018 ...

Flywheel energy storage system, as one of many energy storage systems, has the characteristics of fast

response speed and high power-density [7], can effectively make up for the lack of frequency regulation

ability of thermal power units, and improve the safety and stability of thermal power units operation [8] (see

Fig. 1).

The importance of energy storage in a renewables-intensive energy system is often talked about. ... This

provides enough time for the input power to be controlled and therefore maintain a constant AC frequency.

Conventional ...

Recent and relevant examples related to technology-based studies are Li [23] and Peng [24] that describe grid

frequency regulation in systems with large scale wind integration, and Ostergaard [25], who examines the

possibility of wind small-scale CHP hybrid power plants to provide frequency and voltage control regulations;

Mokadem et al. [26 ...

Early publications in the field of power grid frequency regulation include [2], which discussed the results of an

analysis of the dynamic performance of automatic tie-line power and frequency control of electric power

systems.The study consisted of simple 2-area power system with a single machine in each area.

Rotary reserve is an energy storage unit capable of power producing up to 10 min. Rotary reserve is a system

that can be activated in as short as 10 s to maintain the frequency stability in case of high power losses [69].

The system, which focuses more on frequency regulation rather than energy continuity, is called frequency

reactive reserve.

Abstract: Energy storage has fast response characteristics and precise regulation performance, and has unique

advantages in power system frequency regulation. Taking the US PJM and ...

In recent years, electrochemical energy storage has developed quickly and its scale has grown rapidly [3],

[4].Battery energy storage is widely used in power generation, transmission, distribution and utilization of

power system [5]  recent years, the use of large-scale energy storage power supply to participate in power grid

frequency regulation has been widely ...

Shared energy storage (SES) is of great significance for building a new type of power system. The integration

of SES with renewable energy communities (RECs) to establish the ''REC + SES'' model represents a novel

approach to enhancing the operational efficacy of SES while simultaneously addressing the challenges of
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electricity consumption in RECs.

The primary frequency regulation capacity of the combined heat and power unit often fails to meet the

requirements due to heating. This article takes a 650MW thermal power ...

The proposed control approach is compared to the operating conditions of single thermal power unit

regulation, thermal power energy storage combined regulation, and thermal power flexible load combined

regulation using the model developed in this article. The ...

The connection of Jiuquan Wind Power Base with the power grid can be described simply in Figure 6.1  can

be seen from the figure that relevant peak-valley regulation and frequency control measures can be classified

into the following three aspects: (1) reducing the peak-valley regulation and frequency control demand of

wind power; (2) strengthening peak ...

Combining with electrochemical energy storage to enhance the performance of thermal power unit frequency

regulation (FR) can greatly enhance the thermal power unit FR auxiliary service revenue, but also provide

flexibility resources for a high proportion of new energy power system. The optimal allocation of energy

storage capacity in thermal power system for FR is not only ...

bulk power also perform nearly all frequency regulation. Instead, using high power energy storage resources to

provide frequency regulation can allow traditional thermal generators to operate more smoothly. However,

using energy storage alone for frequency regulation would require an unreasonably large energy storage

capacity. Duration curves ...

Coupling energy storage devices on the generation side can significantly improve the AGC frequency

regulation performance of thermal power units and bring frequency regulation...

Aiming at the problems of low climbing rate and slow frequency response of thermal power units, this paper

proposes a method and idea of using large-scale energy storage battery to respond to the frequency change of

grid ...

The proportion of renewable energy in the power system continues to rise, and its intermittent and uncertain

output has had a certain impact on the frequency stability of the grid. ...

Thermal energy storage has gradually become an important development direction for the active regulation of

multi-energy compensated combined cooling, heating, and power (CCHP) systems owing to its dual functions

of reducing capacity and increasing efficiency, shifting peaks, and filling valleys.

It can be seen from the frequency deviation curve that when the wind power frequency regulation alone only

provides short-term frequency support, it can only raise the lowest frequency point, and the steady-state
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frequency of the system is consistent with that without frequency regulation. Energy storage alone in

frequency regulation has played ...

Aiming at the difference between the frequency regulation loss of the thermal power and energy storage,

considering the problem that the remaining frequency regulation ...
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