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Energy and Energy technologies
The Possibilities of Joint Operation of Renewable Energy Sources
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The paper discusses the hybrid energy system, which provides the possibilities of
parallel operation of power plants built on different alternative energy sources. The
generalized structural and principle electrical circuits of the energy system have been
developed. The presented hybrid energy system is unified in the sense that it can operate
both in autonomous and parallel modes with the alternating current network. The modern
semiconductor devices used in converters allow us to do this. The use and widespread
implementation of such systems will have a positive impact on the uninterrupted power

supply, environment and the economy of our country.
Keywords: energy; converter; transistor’s voltage.

Introduction. Alternative energy sources are renewable energy resources
that we obtain from hydropower, solar and wind power, geothermal energy,
ocean waves, and biomass. These sources of energy are not depleted, that is why
they are called renewable energies. “Green energy” is chosen by countries, cities,
companies and citizens. Some of them - for example, solar and wind energy are
gradually moving from the “alternative” category to the “main” category.

The Sun is a major source of energy on the Earth. It brings in so much energy

that it exceeds the total demands of the Earth’s population. Photoelectric modules
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convert sunlight energy into electrical energy, by means of the “p-n” junctions
built on silicon crystal. The nominal voltage of one photocell is 0.6 volts. They
are connected in series to obtain the desired voltage. That’s why they are called
photovoltaic batteries. [1] The photoelectric modules can be divided into three
groups:

v monocrystalline;

v polycrystalline;

v thin-film modules.

They have different efficiency, operating time and price. They convert both
visible and infrared rays. To achieve maximum efficiency, the modules need to
be tilted at a certain angle from the horizon. The farther we are from the equator,
the greater this angle is.

Wind energy has been used by our ancestors since time immemorial. Today,
wind energy is one of the fastest developing areas of energy.

The modern wind turbines convert the kinetic energy of the wind into
the kinetic energy of the rotation of the rotor, which is then converted into
electricity. [3]

Basic part. The use of renewable energies in energy sector is a prerequisite
for the reliability, efficiency and environmental friendliness of energy supply.
Moreover, they can be used in conditions of parallel operation of energy sources.
From the energy, environmental and economic perspectives, it will be useful to
build such a hybrid energy system that will simultaneously use hydro, solar and
wind energies.

Figure 1 illustrates the structural diagram of the hybrid energy system. Its
component nodes are as follows:

1) Wind power plant (WPP); 2) Solar photovoltaic power plant (SPPP); 3)
Rechargeable batteries module (RBM); 4) DC converter (DCC); 5) Network guide
inverter (NGI).

The hybrid complex is connected to the alternating-current network (ACN),
while the solar power plant (SPP), wind power plant (WPP) and the accumulators
for storing electricity together represent the hybrid energy system (HES).
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Fig. 1. The structural diagram of the hybrid energy system.

The presented system operates in two modes:

a) mode, when the power of the user exceeds the power of the HES, the
insufficient power is compensated from the AC power source. In this case, it is
necessary for HEPS to operate in the mode of maximum power.

b) the mode when the load power is less than the power of the HES. In this
case, the “excess” power is transferred to the alternating current network.

Figure 2 illustrates the principle electrical scheme of the hybrid energy

system:
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Fig. 2. The principle electrical scheme of the autonomous hybrid energy system.
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Fig. 3. DC converter.

In the electrical scheme of the replacement of the solar module, it can be clearly
seen that the total current i passing through the solar module is the sum of the
forces of the generation j, diffusion I'and shunting i, currents.

i=j+i,

The wind power plant (WPP) consists of: three-phase asynchronous generator,
three-phase transformer and three-phase controllable thyristor controller.

Figure 3 illustrates the principle electrical scheme of the DC converter. Its
constituent elements are the VT1 and VT2 transistors; VD1, VD2, VD3 diodes;
C1,C2,C3 capacitors and L1 choke. This device is actually a compromise between
a hybrid power system and the AC inverter. At its outlet, we have U, -voltage
and i, — current force. The voltage and current are the quantities acting on the

inlet of the network guide inverter.

180



. 3330dg, 3. gbogedg, m. Dazbogedg

E ] VTS V77 I
! v —@ s V|
A0 40 ¥ ) ¥

i 3 iz E B

Ulse i C--—M-——{—-C
| VT4 VTS VT8 I
= !
@) ¥ A {@ 4
1 |
| |
s :
b, : NN i

M S e M =

Fig.4. Three phase network guide inverter.

Figure 4 illustrates the inverter, which is a network guide inverter, that is, the
output voltage, frequency and signal form are formed from the external network.
It must deliver the specified active power to the network.

The inverter comprises VI3+ VT8 transistors connected in a bridge circuit,
shunting diodes are connected in parallel with all six transistors. At the outlet of

the device we have the current forces i o I 1 and voltages u,U,U, that are

C
compatible with the alternating current network.

Conclusion. The hybrid energy system that we developed runs on both
wind and solar energies. The structural and schematic diagrams of system are
presented. The DC converter and the tracking inverter have been constructed.
The system ensures the joint parallel operation of the wind power plant, solar
power plant, storage batteries and alternating current network, which ensures

the sustainability of the electricity supply based on the use of alternative energies.
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