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ABSTRACT: This paper presents a hybrid distributed generation of photovoltaic and wind energy in a IEEE 30 bus
system. Due to environmental, economic and development perspectives, hybrid energy renewable system is planning to
implement a standalone operation of photovoltaic (PV) power plant and wind power plant with a 30 bus system. The
realization of such large scale hybrid power scheme may penetrates due to bad weather conditions and have an effect
on the normal parameters of the existing hybrid system. These parameters are mainly voltage control, stability,
protection equipment, and harmonic distortion levels. In addition, it investigates the impact of integrating PV and wind
directly with the 30 bus system. Harmonic distortion analysis of the system is also going to be experimented in the PV
and wind plant to ensure the conformity of the resulting system with the international power quality standards. The
impacts of the standalone operation of this system are analyzed by the parameters of voltage control, stability and
harmonic distortion level. Real loads and hybrid energy data are used in the ETAP simulation model for more practical
design.
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I. INTRODUCTION

Without electricity, life cannot be imagined to have the same quality as it is having. It is very important for human
civilization. The major problem in our nation is to meet out of power demand among consumers due to ever increasing
need of electrical energy and lack of conventional resources which may also harmful to our environment. So we are
forwarding the next step which makes a better utilization of non-conventional resources such assunlight, wind, rain,
tides and geothermal heatetc. New technologies aim to decrease environment pollution due to energy production by
finding new clean, renewable, sustainable and low cost resources. Therefore, these resources canbe considered to be
inexhaustible for all practical purposes, unlike dwindling conventional fossil fuels. Apart from the rapidly decreasing
reserves of fossil fuels in the world, anothermajor factor working against fossil fuels is the pollution associated with
theircombustion. Contrastingly, renewable energy sources are known to be much cleanerand produce energy without
the harmful effects of pollution unlike their conventionalcounterparts. Non conventional resources like solar, wind, sea
waves, and many other sources are nowadays investigated to a greater extent. The use and development of these clean
free energy sources has led to the use of hybrid Distributed Generation systems (DG). The important feature of hybrid
renewable energy system (HRES) is to combine two or more renewable power generation technologies to make best
use of their operating characteristics and to obtain efficiencies higher than that could be obtained from a single power
source. Hybrid systems can address limitations in terms of fuel flexibility, efficiency, reliability, emissions and
economics. Voltage control and stability are dreadful for safe and consistent operation of power systems. They need to
be concern during the generation, transmission and distribution levels of electric power. Thus, these parameters will
focus on studying the voltage profile, voltage stability, short circuit faults, reactive power flow, and harmonic
distortions due to the penetration of the solar and wind energy at a 30 bus system.
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Il. MODELLING

A. System Modelling:

PV farms and wind mills are connected in a 30 bus sytem in which the values of the network are provided by
thelEEE standards. A synchronous generator is connected to the system for the standalone operation as Figure 1 shown.
The operating voltage is maintained constant at the individual bus.battery energy (IBE) is 50Jules for each node.to
transmit the packet is considered as the network lifetime.
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Figure 1: System Modelling

B. Modelling of PV farm:

PV farms are designed in such a way that to obtain maximum power in which MPPT techniques are used with a
mechanical tracking system based on the structure of Figure 2. Each PV panel designed to be 2kW installed capacity.
20 panels are connected in series and 20 panels are connected in parallel. Thus a PV farm consist of 400 panels and
produces 0.8MW of power.

1. Mathematical Modelling
A PV cell is the building block of a PV panel. A photovoltaic module is formed by connecting many cells in
series and parallel. Considering only a single solar cell; it can be modeled by utilizing a current source, a diode and the
resistors. This model is known as a single diode model of solar cell.
Solar cell equation for a single diode can be written as,
_ V+1x*Rs V+1x*Rs
1_”9_105*[”’){‘7* A*K*T}_l]_ Rsh
Where
1 1
105=10r*(1)* Ir ;*Ego}
Tr AxK

Ilg = {Iscr + Ki = (T — 25)} * lambda

exp {q *

Incremental conductance method uses two voltage and current sensors to sense the output voltage and current
of the PV array. At MPP the slope of the PV curve is 0. This method uses the PV array's incremental conductance
di/dV to compute the sign of dP/dV. When dl/dV is equal and opposite to the value of I/V (where dP/dV =0) the
algorithm knows that the maximum power point is reached and thus it terminates and returns the corresponding value
of operating voltage for MPP. This method tracks rapidly changing irradiation conditions more accurately than P&O
method. One complexity in this method is that it requires many sensors to operate and hence it is economically less
effective

P=V*I
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Differentiating with respect to voltage yields;

dp LV dl

i *

dv ( dv

When the maximum power point is reached the slope
ar _ 0
av

2. Modelling of Wind farm
A wind mill is designed to produce 50kW of power generation. Those wind mills are constructed by vertical
axis wind turbine rotors for the rooftop generation. Hence the total power generation by the wind farm is 0.2 MW.
Figure 3 shows the typical structure of wind farm.

HEREE

Figure 2: Typical Structure of Wind Farm

A variable speed wind turbine utilizes the available wind resource more efficiently than a fixed speed wind
turbine, especially during light wind conditions. Third, the cost of the converter is low when compared with other
variable speed solutions because only a fraction of the mechanical power, typically 25-30%, is fed to the grid through
the converter, the rest being fed to grid directly from the stator. Thus the efficiency of the DFIG is very good for the
same reason. Vertical-axis wind turbines (or VAWTS) have the main rotor shaft arranged vertically. One advantage of
this arrangement is that the turbine does not need to be pointed into the wind to be effective, whichis an advantage on a
site where the wind direction is highly variable.When a turbine is mounted on a rooftop the building generally redirects
wind over the roof and this can double the wind speed at the turbine. If the height of a rooftop mounted turbine tower is
approximately 50% of the building height it is near the optimum for maximum wind energy and minimum wind
turbulence. Wind speeds within the built environment are generally much lower than at exposed rural sites, noise may
be a concern and an existing structure may not adequately resist the additional stress.

I1l. RESuLTS AND DISCUSSION

A. Power Flow Calculation:

The load flow Study is capable to define and adjust the parameters of the system for each case separately. ETAP has
multiple choices to define the display options based on the user’s needs and requirements from load flow analysis.
Power flow is calculated in the 30 bus system using adaptive newtonraphson load flow algorithm. Here, the power
factor is maintained at 0.98 and hence the voltage profile is maintained.

B. Fault Current Calculation

ETAP can find the short circuit currents and the contributions of each load in the short circuit. Fault duties are based
on the new editions issued by IEC and ANSI/IEEE standards (ETAP, 2016). It presents a very powerful short circuit
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detection and calculation ability. Bus ID 6 is selected to be faulted and the fault current calculation is carried out by the

line to ground fault and three phase fault. This fault does not affect the system tolerance. And the bus selection is based
on the location and function. Here the selected bus plays a crucial role.
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Figure 3: ETAP Simulink Model
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Figure 4: Load Flow Analysis Figure 5: Short Circuit Analysis
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C. THD Calculation
The existence of harmonics in any power system causes different problems and effects that include but not
limited to over temperature of equipment, low power factor of devices, low performance of electrical components,
unexpected behaviours of protective devices, interferences with communication systems, resonance with other
equipment that cause failure of these equipment, noise, vibration of electrical motors, and other effects. Over more,
harmonic currents don’t stay near to their source; instead, they penetrate the electrical distribution networks and start
circulating throughout the electric systems. The circulation of harmonic currents in the electric systems distorts electric
voltages fed to the other users and the harmonic problem is accumulated. This phenomenon has become a main hot
topic for power quality as a result of the increasing spread of electronic devices and equipment in power systems. For
the faulted bus, harmonic analysis were carried out by Decoupled Harmonic Power Flow Algorithm to minimize the
total harmonic distortion. Even though the distributed generation penetrates, the amount of generated harmonics was
within the international limits stated by different standards.
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D. System Performance
Tablel shows the 30 bus system performance in the case of half of the generating capacity.

50% of
Cases DG
Power 0.98
Factor
Fault 3.462 kA
Current
THD% 0.01

Table 1: Analysis of system performance
IV.CONCLUSION

Solar energy and wind energy is variable in the nature and depends on the site. The unpredictable nature of these
energy sources has its great impact on the power system operation and planning. The aim of this specific work is to
evaluate the effect of the integration of solar power and wind power generator which are having opposite characteristics
to each other. This aim was achieved by developing the design of hybrid PV and wind system to be implemented in
standalone operation. Sizing of PV system, inverters and cables were obtained.

In order to verify the design validity, different simulation models using ETAP program have been built and carried
out. Real load and solar energy data were used in the simulation to achieve more realistic results that can help for future
analysis and planning processes.

Investigation of the impact of hybrid PV plant and wind plant on 30 bus system in this thesis was carried out and
some analyses were established. These analyses were performed in order to verify whether the Hybrid power
generation is capable to hold the planned generation plant. After those studies were performed, another analysis of the
voltage stability of the whole plant was carried out. Finally, the effect of PV and wind system on the power quality at
the coupling point was studied by using the harmonic analysis tools. The applied analysis has shown that the designed
power plant is in good status and its voltage profile is healthy.

The standalone operation of PV and wind plant shown the ability of lessening the transient effects of buses faults.
Thus represents an increased stability compared with the high transient when the PV plant is not connected. The hybrid
renewable energy resource has caused the injection of some voltage harmonics that started to spread over the network.
However, the amount of generated harmonics was within the international limits stated by different standards.
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