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In the context of the construction of renewable energy sources in distribution
electric networks, it is necessary to first of all assess the balance reliability, i.e.
determine the probability of mismatch of consumption and generation schedules,
caused by the instability of such energy sources as the sun and wind. The use of
energy accumulators provides a solution to a number of problems of energy
accumulation, storage and conversion [1, 2]. The problems of developing and
creating highly efficient means of accumulating electric and thermal energy, creating
a methodology for calculating the optimal parameters of accumulation systems,
which will allow to ensure reliability requirements in the most economically
advantageous way, are becoming relevant.

When choosing electric energy storage for a specific energy system, it is
necessary to take into account the energy and operational indicators of both
equipment based on renewable sources and energy consumers, as well as energy
storage. The main characteristics of energy storage devices include: specific power,
specific energy, specific cost of energy storage, charge-discharge time, service life,
efficiency, level of self-discharge, safety, ease of maintenance, type of energy
produced and consumed. Among many types of batteries, those that are most suitable
for working with equipment based on renewable energy sources are chosen according
to their properties and characteristics [3].

When working with generating equipment based on renewable energy sources,
electric energy storage systems, working in the mode of constant recharging, smooth
out daily fluctuations that occur during operation and provide stable power to
electricity consumers. When working with the industrial power grid, electric energy
storage systems accumulate off-peak electricity at night and provide power to
consumers during periods of disconnection from it.

The problem of energy storage in energy systems with a significant level of
energy from renewable energy sources is the subject of many studies, and the
development of combined energy storage systems, or HESS (hybrid energy storage
systems), belongs to the most innovative field [4]. HESS characterizes the beneficial
combination of two or more energy storage technologies with complementary
performance characteristics (such as energy and power density, self-discharge rate,
efficiency, lifetime, etc.).

For application in decentralized systems with renewable energy sources, the
following HESS configurations are more often considered: heater and storage battery;
heater, battery and hydrogen complex; a supercapacitor and a battery, or different
types of batteries (such as a regular battery and a "high-capacity" battery). Such
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combinations allow for long-term storage of significant amounts of energy, as well as
a quick response to rapid changes in generation and consumption modes.

Some known modern practical applications of storage batteries in energy
systems based on renewable energy sources can be characterized as follows:

— large wind power plants with distributed energy saving — this combination will
help to solve the problem of uneven generation of wind energy and their integration
into the existing network;

— a distributed grid-integrated photovoltaic system connected directly to the grid
or next to a photovoltaic station;

—the accumulation system helps to regulate rapid generation changes, daily
fluctuations, energy supply quality issues (excess harmonics) and the discrepancy
between the power of solar power plants and the needs of users;

—utility energy storage systems for grid-isolated energy systems that can
support the current needs of users, for example, provide backup power as part of a
fully autonomous system with different types of energy sources;

— vehicles with energy storage can be part of a localized energy system strategy
for the integration of renewable energy;

—end-user consumption management — a storage system can help end-users
"time-shift" energy consumption from renewable energy sources, when regulated
(zonal) energy tariffs encourage charging time to be shifted to a low-tariff zone, with
subsequent use of stored energy at times when demand and the price is high;

— a flexible peak resource to serve the peak demand for electricity;

— frequency regulation — electricity storage has the potential to respond in
milliseconds and also has an economic perspective;

— uninterruptible power systems are used to provide stable and reliable power in
case of critical load sensitivity to minimize the impact of unstable renewable energy
generation.
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