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Optimal from the point of view of introducing distributed generation into the
country's power system is the construction of local electric power systems with
balanced power supply from combined sources, ensuring their reliable and stable
operation. Local electric power systems are defined as a set of generating electrical
equipment of limited power of low voltage, converters and consumers of electricity,
interconnected taking into account the topology of a distributed network, in which
single electromagnetic processes occur, characteristic of the modes of generation,
transformation, distribution and consumption of electricity [1, 2].

Popular for evaluating autonomous and combined energy systems is the index of
probable loss of power — it is an indicator that reflects the probability of losing the
ability to provide energy to the consumer's needs. With the autonomous operation of
the energy system, the requirements of consumers for energy quality can be the same
as with centralized supply. Then the above indices will apply to the selection of a
battery that will meet the needs of consumers at the given index values [3, 4].

The following situations are possible: there is excess energy and it accumulates;
when the needs are exceeded and the battery is fully charged, the energy is lost;
power balance as the equality of consumption and generation; energy deficit, which is
compensated by the battery, as far as its capacity allows (as long as the free capacity
of the battery does not fall below the set minimum level); loss of consumption as the
inability to meet needs. At the same time, the goal of optimization can be: providing
reliable power to create proper conditions for equipment operation and household
conditions; efficient use of all produced energy, i.e. minimization of its losses;
maximum commercial attractiveness, or minimization of the cost of energy. As a
rule, a multi-criteria optimization problem should be solved.

If consider the two-criterion optimality of the configuration of local electric
power systems in terms of reliability and economy, then the cost price of electricity
obtained from renewable sources should be compared with an alternative guaranteed
source (the power grid for combined systems or a controlled source of the diesel
generator type in autonomous systems). The graphic interpretation of the search for
the optimal solution is shown in Fig. 1. Here, one of the criteria is the cost of local
electric power systems (or the cost of the received energy), the other is the degree of
risk, which is assessed as the variability of the energy source. In particular, the
introduction of batteries reduces risk, but increases the cost of the system and,
accordingly, energy.
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Figure 1 — Search for the optimal local electric power system according to two
criteria

The points of the curve ¥(x;) are the contours of the area of state values of the
local electric power system, which is determined by the system configuration,
equipment composition, and natural conditions. In such a setting, cheaper
configurations are considered to have a higher degree of risk. C.x and o, denote
the maximum permissible values of cost and risk. Then points 4, B are optimal when
the criterion of cost or risk is prioritized, respectively, and when there is no ranking
of criteria, curve 4B is the zone of arbitrage decisions.

In addition to the above, there may be other criteria, for example, maximum use
of a certain type of generation, minimum use of networks or traditional fuel, quick
payback of the project, etc. The method of finding the optimal configuration of local
electric power systems can be both the prioritization of criteria (target programming)
or weighting factors, as well as other methods of solving multidimensional problems.
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