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on the operation of each network. The implications of
switching from hydrocarbon fuel to renewables in the
electric system for the district heating systems and gas
network were studied in [29, 30].

IV. CLIMATE INDICATORS AND THEIR ROLE IN RESEARCH

Integrated microsystems often comprise different types
of power generation equipment using renewable energy
sources. Solar panels, wind turbines, gas generators, battery
units, and fuel cells can be used for electrical supply. Solar
collectors, concentrators, heat pumps and thermal storage
units can be used for heat supply. An integrated power
system can consist of different combinations of the above-
mentioned equipment.

a) The common feature for all of these installations is the
use of renewable energy sources such as solar and wind

35 4 power, low-potential heat, waste substances and so on.
Consequently, detailed information on the following
natural and climatic factors is required when examining
energy systems involving renewable energy sources:
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Fig. 1. —a) total solar irradiance; b) — wind speed (10 m).

Figure 1 shows the total solar irradiance and wind
speed.

Figure 2 shows the relationship between climate data
and energy systems modeling.

Fig. 3. The output voltage of the photovoltaic system.

Fig. 2. Relationship between climate data and energy systenfsg. 4. Power output of the photovoltaic system (50 kW) during
modeling. the year.
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possible. To this end, the study follows the method of
reproducing natural and climate indices by using the year-
long meteorological series, available in the public domain.

These meteorological series record, line by line, the
major climate indices such as wind speed and direction,
air temperature, pressure, humidity and assessment of total
cloud cover.

A combination of Igbal and Kasten-Czeplak
mathematical models is used to calculate the total solar
irradiance. In the calculation of the total solar irradiance for
each day, sunrise, zenith and sunset times are determined
based on geographic coordinates and time zones. In the
first stage, solar irradiance is determined under clear
sky conditions. In the second stage, the solar irradiance
attenuation quotient is determined based on cloud cover,
cloud composition, the percentage of bad weather clouds
and so on.

These data can be directly used for modeling solar
panels, collectors, concentrators and wind generators.

V. MODELING THE INTEGRATED ENERGY SYSTEMS WITH
RENEWABLE ENERGY SOURCES

What is special about the integrated microsystem is
its direct relationship with the centralized energy system.
Besides, various heat and electric power generation
techniques should be taken into consideration as modeling
these systems is a challenging task.

The chronological calculation method is used to
model the integrated systems. This method involves the
determination of the system’s basic operating parameters
with regard to every discrete step of the considered
period. Importantly, this calculation method is fully
consistent with the year-long meteorological series which,
by their very nature, respect the continuity of changes in
meteorological indices. Of special importance is the fact
that the data collected directly from weather stations are
used to reproduce natural and climate conditions. All of the
above makes it possible to accurately model the operating
conditions of the integrated systems using renewable
energy sources.

Figure 3 shows the output voltage of the photovoltaic
system.

Modeling is performed for a period of up to 20 years
according to real climate data. These climate data are a
chronological sequence of events. Moreover, these data
can be applied to various components of the integrated
system.

VI. CONCLUSIONS

The organization of the coordinated process of energy
system operation and consideration of different energy
system types as a single integrated energy system will
allow us to considerably increase their security, reliability,
cost-effectiveness and environmental friendliness. An
inevitable expansion of the distributed generation on the
basis of unconventional and renewable energy sources both

at the level of energy systems and directly at consumers’, as
well as their integration in the centralized systems require
the implementation of new principles for the construction
of these systems and establishment of intelligent systems
to control them on the basis of developed information-
communication support. The potential advantages of the
decentralized integrated energy system with renewable
energy sources can be easily implemented through
the correctly selected integration mechanisms. Such
advantages can include:

* Energy saving and reduction in the emission of harmful
substances.

* The decrease in energy transmission and distribution
losses.

+ Stabilizing the stochastically varying power output.
* Increasing flexibility of energy supply.

+ Participation of end users in both electricity market
transactions and energy system control.

» Transition to the intelligent energy system concept.

Further research will focus on the development of
the concept of integrated energy systems with renewable
energy sources.
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