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MODELLING AND ANALYSIS OF HYBRID POWER STATION

Atanas Chervenkov, Atanas Yanev, Todorka Chervevnkova

Abstract: The power station with renewable generating sources is considered. It con-
sist of Photovoltaic plant and Wind-generator. A model of hybrid power station in
MATLAB is created. Simulations of the power station operation have been carried out
in different modes. The performance of hybrid power station is analysed. The har-
monic composition of the generated AC voltage with an industrial frequency is inves-
tigated.

Keywords: analysis, modelling, hybrid power station, photovoltaic plant, wind-gener-
ator, MATLAB, harmonics.

1. INTRODUCTION

A convenient, cost-effective and reliable power supply is an essential factor in the de-
velopment of any area. To overcome all the disadvantages possessed by the conven-
tional method of electricity generation and transmission distributed energy generation
is being preferred and promoted. There are several ways by which electricity can be
generated locally using renewable sources such as solar, wind, biogas, etc. [2]. At
present, standalone solar photovoltaic and wind systems have been promoted around
the globe on a comparatively larger scale [1]. These independent systems cannot pro-
vide continuous source of energy, as they are seasonal. Therefore, suitable energy
storage systems will be required for these systems in order to satisfy the power de-
mands. Usually storage system is expensive and the size has to be reduced to a mini-
mum possible for the renewable energy system to be cost effective. The cost effective
solution would be hybrid power systems which can reduce energy storage require-
ments. In this paprer a standalone hybrid power station with suistable renewable en-
ergy sources - solar photovoltaic and wind generators is considered.

2. DESCRIPTION OF THE HYBRID POWER STATION

The hybrid power station is consist two reneable sources of small power (10kW) PV
plant and wind generator. The power station is not connected to a distribution grid and
power system supplied the AC loads. To store the generated electricity in the case of
an absence of generating power, a rechargeable battery is used. The transformation of
the produced energy with DC-AC inverter is carried out. To restrict and optimize
charging and battery discharge processes a controller is used.

Figure 1 show the configuration structure for hybrid system based solar and wind en-
ergy sources.

© 2018 Publishing House of Technical University of Sofia 69
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Fig.1. Configuration of Hybrid Energy System.

The hybrid power generation system using wind and solar power includes the fol-
lowing subsystem: solar array, wind turbine, charge controller, battery bank and in-
verter.

The location of the hybrid power station and climatic conditions is shown in Figure 2
and Figure 3, respectively.
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Fig.2. Location of the hybrid power station

1. PV plant
It consists of an arrangement of several components, including solar panels. Solar
panels are used to convert solar radiation to the electrical energy. Solar panel is a
group of a several monocrystalline silicon(mono-Si) modules electrically connected in
series parallel combination to generate the required current and voltage. The electrical
power of PV plant is 10 kW, its efficiency is 15.75% and the area of the solar collec-
tors is 63.5 square meters. The generated electricity per year is 10 MWh [3].
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Fig.3. Climatic conditions of the hybrid power station

2. Wind turbine
Wind turbine is that system which extracts energy from wind by rotation of the blades
of the wind turbine. The wind turbine is of the vertical type. The power generated
from wind is not continuous its fluctuating. A wind turbine data and electricity gener-
ation from the wind turbine using RETScreen Expert software tool [6] are calculated.
They are presented in Figure 4 and Figure 5, respectively.

3. Charge controller
Charge controller has basic function is that it control the source which is to be active
or inactive. It simultaneously charge battery and also gives power to the load. The
controller has over-charge protection, short-circuit protection, pole confusion protec-
tion and automatic dumpload function. It has also the function, which it should vary
the power as per the load demand. It add the both the power so that the load demand
can fulfill. When power is not generating the controller should extract power from
battery and give it to the load.

4. Battery Energy Storage System (BESS)
DC power Batteries are charged and discharged in different mode. Bidirectional pow-
er electronic devices are regulating power flow between batteries and energy systems
[4]. Based on the type of battery, it has various merits and demerits like cost, weight,
size, power and energy capability. Lithium-Ion, Lead-Acid, Nickel Cadmium, Nickel
Metal Hydride are important types of energy storage technologies.
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Fig.5.. Electricity generation from the wind turbine

The highest energy density among all types of batteries is Lithium-Ion batteries. They
are currently used in cellular phones, computers, etc. and development of this tech-
nology is used in distributed energy storage applications. During coupled operation,
changes in the outputs of wind and solar PV generation [5, 6] will change in the out-
put of BESS and BESS must neutralize by quick changes in output power. Rate vari-
ation control or ramp rate control is applied for an associated coupled system to
smooth their real power fluctuations [1]. The information is processed by the Battery
Energy System controller and es-timates the State of Charge (SOC) of each battery
cell and capacity of each battery cell and protects all the cells operate in the designed
SOC range [5].

72



5. Inverter
Inverter is need to convert DC power into AC power. As our load working on the AC
supply so we need to convert DC power. The input voltage, output voltage and fre-
quency, and overallpower handling depends on the design of the specific device or the
circuitry. The pure sign wave inverter is recommended, because it has minimal dis-
tortion and loses.

3. AMODEL OF THE HYBRID POWER STATION
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Fig.6. Block diagram of the simulated Hybrid Power Station

The entire system design of the hybrid energy system is simulated using SIMULINK.
A 10-kW PV / wind / BESS (Battery Energy Storage System) hybrid system was con-
sidered.

Figure 6 show the simulation schematic for hybrid station with solar and wind
sources.

All the energy sources are modeled using MATLAB [7] software tool to analyze their
behavior. An easy control technique tracks the maximum power from the solar / wind
energy source to accomplish much higher generating capacity factors. The simulation
results prove the feasibility and reliability of this proposed system.

4. SIMULATION RESULTS

The simulation study of system parameters are presented below and to predict their
actual characteristics three energy sources are modeled accurately in SIMULINK.
Several variants of the operation of the hybrid power plant are considered.
Simulation of different conditions of the hybrid system is performed. All these condi-
tions are clearly observed in the list below.

Common conditions

The load demand to fulfill is 10 KW throughout the time scale except at 4 to 5 sec
when it increases to 14 KW. Battery initial state-of-charge 60%.
Several simulation of the operation of the hybrid power plant are carried out.
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Simulation 1 Case of variable weather conditions
- Solar energy drops its irradiance from 100% to 25 % from 2 sec.
- Wind turbine initially rotating at Sm/s excels to base speed 12m/s after 0.5 sec.
Its rotating speed is decreased to 25 % of its base speed.
The simulation results of voltages and currents in the three phases, and voltage and
current in batery in this case are shown in Figure 7 and Figure 8, respectively.

400 T T T =
e I s ln
er' o llf'l, wl.r' o hl)L.
200 |- E
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Fig.7. Voltages and currents in the three phases

The simulation results of generating Wind power and PV power in this case are
shown in Figure 9.
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T T T T T T T T T
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Fig.8. Voltages and current in the battery
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The harmonic analysis is shown in Figure 10. The integrated voltages and curents are

close to sinusoid and THD has very small value.
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Fig.10. Harmonics analysis with two sources
Simulation 2 (maximum solar energy, while no wind power)
- Solar energy irradiance at 100%.
- Wind turbine rotating at O m/s.

In this case voltages and currents are close to ideal. The invertor vorks with maximum

efficiency and low harmonics level. The level of battery voltage is stability, it can be
shown in Figure 11.
<Voltage (V)>

[i] o, 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
w6l T T T T T T T T T
o
| | | | | | 1 | |
] 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Fig.11. Batery volate in case of maximal PV power
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Simulation 3 (maximum wind power, while no solar energy)
- Solar energy irradiance at 0%.
- Wind turbine rotating at 12 m/s.
In this case voltages and currents are close to ideal also. Generating Wind power in-
crease significantly by relatively high speed of turbine. In can be shown in Figure 12.

Fig.12. Generated maximal Wind power

Simulation 4 (Power station works with 60% of the installed power — 20/40)
- Solar energy irradiance at 20%.
- Wind turbine rotating at 5 m/s.
The simulation results of generating Wind power and PV power in this case are
shown in Figure 13.

Simulation 5 (Power station works with 60% of the installed power — 40/20)
- Solar energy irradiance at 40%.
- Wind turbine rotating at 2.5 m/s.
The simulation results of generating Wind power and PV power in this case are
shown in Figure 14.

Fig.13. Generated Wind power and PV power (60% of the installed power — 20/40)
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5. DISCUSSION

The electric power can be utilize where it generated so that it will reduce the trans-
mission losses and cost.

There are several ways by which electricity can be generated using renewable sources
such as solar, wind, biogas, etc. Individual generation of solar and wind energy is
costlier.

The using the non conventional energy resources is highly safe for the environment as
it doesn’t produce any emission and harmful waste product like conventional energy
resources. It is cost effective solution for generation. It only need initial investment.
Cost reduction can be done by increasing the production of the equipment and stimu-
late our economy by creating jobs in the manufacturing and installation of solar and
wind energy systems.

By using solar and wind integrated system we can electrify remote area, also in future
it is applicable in smart grid to for metro cities avoid unwanted load shedding.

Solar and wind energy integrated technologies have great potential.

6. CONCLUSION

The power hybrid station with renewable generating sources - Photovoltaic plant and
Wind-generator is considered. They are highly safe for the environment as it does not
produce any emission and harmful waste product like conventional energy resources.
A model of hybrid power station in MATLAB is created. Simulations of the power
station operation have been carried out in different modes.

The performance of hybrid power station is analysed.
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The harmonic composition of the generated AC voltage with an industrial frequency
1s investigated.

The hybrid power station is good and effective solution for power generation than
conventional energy resources.

ACKNOWLEDGEMENTS

The research results presented in this works are supported by grant from the Scientific
and Research Sector of Technical University — project Ne 182I1/10002-08.

REFERENCES

[1] M. Muralikrishna and V. Lakshminarayana, “Hybrid (solar and wind) Energy
System For Rural Electrification”, ARPN Journal of Engineering and Applied Sci-
ences, Vol. 3, No. 5, October 2008, pp. 50-57.

[2] H.M.Robert and J.H. Collins, “Handbook of Energy Conservation”, CBS Pub-
lishers & Distributors, Vol. No.-I, 2007, pp. 122-138.

[3] http://www.nrcan.gc.ca/energy/software-tools/7465.

[4] Soundarapandian R, Jayashree R. An improved artificial fish swarm optimiza-
tion for proficient solving of advanced unit commitment problem with wind energy
and pumped hydro storage. Indian Journal of Science and Technology, Vol 7(S6), Oc-
tober 2014, pp.95—-104.

[5] Nair, Nirmal-Kumar ; Garimella, N, Battery energy storage systems: Assess-
ment for small-scale renewable energy integration, Energy and Buildings, Volume 42,
Issue 11, November 2010, Pages 2124-2130.

[6] Sera D, Kerekes T, Teodorescu R, Blaabjerg F, Improved MPPT algorithms for
rapidly changing environmental conditions, Power Electronics and Motion Control
Conference, 12th International conference EPE-PEMC 2006, 2006, pp. 1614—-1619.
[7] MATLAB Documentation, MathWorks Retrieved 14, August 2013.

Authors: Atanas Chervenkov, PhD, Assoc. Prof., Department of Theoretical Elec-
trical Engineering, Technical University of Sofia, E-mail address: acher@tu-sofia.bg;
Atanas Yanev, PhD student, Department of Theoretical Electrical Engineering,
Technical University of Sofia, E-mail address: atanas.yanew@gmail.com; Todorka
Chervenkova, PhD, Assoc. Prof., Department of Electrical Engineering, Automatics
and Information Technics, Technical University of Sofia, E-mail address: fchervenko-
va@tu-sofia.bg

Received 27 April 2018 Reviewer: Assoc. Prof. PhD Simona Petrakieva

78


http://www.mathworks.com/help/matlab/index.html
mailto:acher@tu-sofia.bg
mailto:atanas.yanew@gmail.com
mailto:tchervenkova@tu-sofia.bg
mailto:tchervenkova@tu-sofia.bg

