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Abstract- In the modern era, grid connected cogeneration is
considered as an alternative source for power generation.
Especially, need of the time is to provide the three-phase
power to grid with smooth sinusoidal voltages having fixed
frequency in synchronization manner with the grid. In wind
photovoltaic cogeneration system the integration of power
electronics converters is a common for grid synchronization
with improving current injected quality in terms of total
harmonic distortions (THDs) This paper presents a new
topology, yet simple and efficient, for a modified grid-
connected wind-photovoltaic (PV) cogeneration system. A
permanent magnet synchronous generator-based full-scale
wind turbine is interfaced to the utility-grid via back-to-back
voltage-source converters (VSCs).

A PV solar generator is connected to the dc-link
capacitor of VSCs through the boost dc to dc converter. The
proposed topology features an independent maximum power
point tracking for both the wind and the PV generators to
maximize the extraction of the renewable energy. The
proposed system control algorithm is developed and
implemented, using soft tools in MATLAB software and
perforce validated through the simulations results

Keywords- Frequency Control, Voltage Control, Voltage
Source Inverter, Cogeneration system, Photovoltaic system,
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I. INTRODUCTION

Nowadays, energy demand is getting increased with
the passage of time and co-generation power systems
especially through wind, solar and fuel cells as well as their
related power conversion systems are conferred immensely.
Many problems like grid instability, low power factor and
power outage etc. for power distribution have also been
increased with increase in energy demand [1]. However, co-
generation power systems are found to be a sensible solution
for such problems as they have relatively robust stability and
causes additional flexibility balance. Moreover, their
utilization can also improve the distribution networks

Page | 173

management and carbon release is also reduced. VSIs are
extensively necessitated for the commercial purpose as well as
for the industrial applications as they play a key role in
converting the DC voltage and current, usually produced by
various co-generation system applications, into AC before
being discharged into the grid or consumed by the load.
Several control systems are introduced, various schemes are
proposed and numerous techniques are updated in order to
facilitate the control of three-phase VSI. The objectives of
these control schemes are to constrain the high and low-
frequency electromagnetic pollution and to inject the active
power with zero power factor into grid [2]. The smooth and
steady sinusoidal waveform can be a good input to a load for
getting the most suitable response, therefore, the output of the
inverter, which normally enjoys special standards and
characteristics, should be controlled for providing an
aforementioned waveform to load and grid.

Generally, it is observed that several problems are
caused in linking the co generation power system to a grid or
grid to load in bidirectional inverters, i.e., grid instability,
distortion in the waveform, attenuation as well as major and
minor disturbances. Hence, in order to overcome these
problems and to provide high-quality power, appropriate
controllers with rapid response, compatible algorithm, ability
to remove stable errors, less transit time, high tracking ability,
less total harmonic distortion, THD value and smooth
sinusoidal output should be designed. Various controllers are
designed for achieving these qualities. The cascade
technologies are introduced in the literature comprises of an
inner current loop and outer voltage loop [3-9]. As the inner-
loop current controller plays a fundamental role in closed-loop
performance, various control approaches like PI [3], deadbeat
[4] and hysteresis [5] are extensively applied. Outer voltage
loop in the aforementioned cases refines the tracking ability
and decreases the tracking error. In case of no input
limitations, aforesaid Pl controllers are the best choice for
stabilizing the inner loop performance. However, input
constraints restrict their performance and no optimization is
usually observed by using PI controllers. The deadbeat control
method is proposed in [4] to enhance the closed-loop
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performance but unfortunately, it was found highly sensitive
to the disturbances, parameters mismatches and measurement
noise. Later on, some observed based deadbeat controllers are
introduced in order to provide compensation for these
discrepancies, however, a trade-off was observed between
phase margin and closed-loop performance [6-8].

Motivated by the promising benefits of the wind-PV
generation systems, this paper present a new topology, yet
simple and efficient to interface both the wind and PV
generators into the utility-grid.

I1. MODELING OF PROPOSED SYSTEM

As shown in Fig. 1, the proposed system consists of a
voltage source rectifier (VSR) to interface the wind generator,
and a voltage source inverter (VSI) to connect the
cogeneration system into the utility-grid. The PV generator is
connected with dc link through the boost dc-dc converter to
extract maximum power. The VSR and VSI are two-level
converters consisting of six cells; each comprises an insulated-
gate-bipolar transistor (IGBT) in parallel with a diode. In the
following subsections, the complete modeling of the proposed
system is provided.

A. Wind turbine modeling

A full-scale wind turbine (FSWT) utilizing a
permanent magnet synchronous generator (PMSG) is selected
for its low maintenance and low operational cost [10]. In wind
energy conversion system (WECS) wind potential energy is
converted into electrical energy with the help of wind turbine
and generator, in proposed paper permanent magnet
synchronous generator is used to convert mechanical energy to
electrical energy. In modeling of WECS following key
equations are used,

Power contains in the undisturbed wind is in form of kinetic
energy then the power is,

E= 1mvZ
2

@)

Where m and v are rate of flow of wind and speed of
undisturbed wind respectively, and the rate of flow of wind is
the function of air density, area through wind is passing and
speed of wind then the power contains in undisturbed wind
can be also written as,

=1 r Av’
2 @
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Where p and A are the density of wind and swept area of wind
turbine respectively

Power output from the wind turbine is given as,

p= 1 AVC,
2 @)

1
P=>Cp(B,A)pIIR*Vying
2 )

Where A is tip speed ratio it is depends on wind speed
length of blade and generator angular speed in the case of
direct driven wind turbine. And C, is the betz limit its
optimums value is 0.49. Characteristic of wind turbine is
shown in Fig. 1

B. Modeling of Permanent Magnet Synchronous Generator
(PMSG)

To analysis equivalent circuit of PMSG normally
modeled in synchronous reference frame. To model PMSG
rotor circuit there is no field winding so it can be replaced
with constant current source with fixed magnitude

The following mathematical manipulation can be
done. The voltage equation of PMSG in synchronous
reference frame is given by

Turbine Power Characteristics (Pitch angle beta = 0 deg)
i i = ixs 2L A
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Fig. 1Wind turbine characteristic
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Fig.2 Equivalent circuit of PMSG in synchronous reference
frame
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C. Modeling of photovoltaic system

Photovoltaic system is manly depends on PV module
which is consist with PV cell equivalent circuit of PV cell is
given in Fig. 3

G(t)\l\I
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7
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Fig. 3 The equivalent circuit of PV cell

Current equation of PV module are given as,

QVy +1,)-1
s _Vey tleyls

Ish ©)

Ipy =1 =o€

Where Ipv output current of PV panel, I light
induced current, lo is the reverse saturation current q is the
electron charge, Vpv is the voltage of PV, n is the Boltzmann
constant, Ai is the semiconductor material ideality factor and
O is the cell temperature Light induced current is given as

L, =GMm[.+b@- q)] (8)

Where G(t) solar irradiation in (w/m2) Iy is short
circuit current, B; temperature coefficient in (per °C) and ©; is
reference cell temperature and reverse saturation current is
given as

Page | 175

ISSN [ONLINE]: 2395-1052

©)

Where L= reverse saturation current at standard

testing condition and Evis energy band gap. Power provided
by PV array is written as
va = NszPmodhmppthoth (10)

Where Np and Ns are Number of PV module
connected in parallel and series respectively, Pmodule power
developed by single module, nmppt and noth are efficiency at
maximum power point and other existing losses.
Characteristic of PV module is shown in Fig4.

Array type: 1Soltech 1STH-220-P;
4 series modules; 20 parallel strings

0 100 200 300 400 500
Voltage (V)

0 100 200 300 400 500 600 700 800 900
Voliage (V)

Fig. 4 characteristic of PV Module
111. CONTROL OF PROPOSED SYSTEM

To implement the control algorithm, the sensing of
some Signals are required. These signals are three phase
PMSG currents grid phase voltages (va, vb and vc), and grid
line currents (ia, ib and ic). To implement optimum speed
control to achieve maximum power from WECS generator
speed is sensed The P&O based MPPT approach is used to
optimize the PV array power. However, PV array voltage
(Vpv) and current (Ipv) are needed to sense for proper
estimation of MPPT under variable working conditions. And
proposed system configuration is shown in Fig. 5

A. Wind energy system control

The generator controller must conform, the speed of
the wind turbine. Therefore, that electrical torques of the
generator must make controlled. Contingent upon the kind of
the generator utilized within the wind turbine, the structure of
the controller will be diverse. it quit offering on that one cam
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wood execute distinctive exchanging calculations for example,
such that DTC, vector control et cetera for distinctive
purposes. Fig. 6 indicates the square outline representational
of a controller for that generator-side converter for
recommended framework

BorsCamerr o
okt NPT VEASURVENT

Phntac

Fig. 5 Proposed System modeling
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Fig. 6 VVoltage source rectifier control
B. Photovoltaic system control

To enhancing the efficiency of the photovoltaic panel
MPPT is utilized. According to the maximum power point
theorem, the output power of any circuit will be maximum
whenever source impedance equivalent to the load impedance,
so the MPPT algorithm is utilized to the problem of
impedance coordination. In this paper work, the Boost
Converter is utilized as impedance coordination device
between input and output by changing the duty cycle of the
converter circuit. Favorable position of the Boost is that low to
high voltage is acquired from the accessible voltage. Control
algorithm, the PV voltage and current are sensed and then
estimate the power, after that find the change in power and
voltage by comparing the previous power and voltage; if
change in power is zero then duty cycle will be same as
previous otherwise duty cycle will change according to the
fallowed condition which is shown in Fig. 7

C. Voltage source inverter control
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Most inverters operate as current sources injecting a
current that is sinusoidal and in phase with the grid voltage,
with a power factor equal or very close to unity. It is required
that the inverter synchronizes with the fundamental
component of the grid voltage, even in the cases when the grid
voltage is distorted or unbalanced or when the grid frequency
varies. An example of synchronization in steady state for a
three-phase system is shown in Fig. 8, in which three phase
wind photovoltaic co generation system

Inputs: Wik), Ik), Vik-1), Iik=1)
Pik) & Pik-1) calculated from the
inputs

Y
AV = Vik)-Vik-1)
AP = P{k)- Pk-1}
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Fig. 7: Perturb and Observe control algorithm
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Fig. 8 voltage source inverter control
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IV. RESULTS AND DISCUSSIONS

MATLAB Simulink™ 17a is used to evaluate the
performance of the proposed co generation system and
controllers. For the energy conversion system utilized in this
paper, pitch angle is assumed zero and yaw control
mechanism is not considered. It consists of an aerodynamic
system based on wind speed model, wind power versus wind
speed model and etc., permanent magnet synchronous
generator (PMSG), a SPWM AC/DC converter, a DC/DC
boost converter, a DC/AC inverter and AC filters, PID
controllers

A. Performance of PV system sudden decreased in solar
irradiation

Fig. 9 show the performance of PV system under
varying in solar irradiation firstly solar irradiation varies from
1000w/m’ to 800 w/m’ at 2 second. Because of these solar
radiations is varying current of PV panel will be varying so
power is decreasing from 100kW to 80kW.

i ]
o r |
» ” ]

Time in (Sec.)

Fig. 9 Performance of PV system under sudden decreased in
solar irradiation

B. Performance of PV system under sudden rise in solar
irradiation

Fig. 10 shows the performance of PV system under
sudden rise in solar irradiation from 600 w/m? to 1000
w/m%.To extract the maximum power, power generation via
PV system is from 60 kW to 100kW. Here also wave is sub
divided into five parts.
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Fig. 10: Performance of PV system under sudden rise in solar
irradiation

C. Performance of wind energy conversion system of co
generation unit

Demonstrating the performance of proposed system
under normal conditions when wind speed is fixed at 12 m/ s
with disturbance depicted in Fig. 11. When PMSG operated
near rated speed at 2.72 rad/s, active power generated from
wind turbine is 2 MW and electromagnetic torque of generator
is -0.68 MN-m (negative sign indicate that machine operated
as generator). Machine side converter maintained DC link
voltage at 1400V, WECS system under varying wind speed
firstly wind speed varies from 12m/s to 10m/s at 2 second.
Because of these generated power is decreasing from 2MW to
1.2MW

w1
£ of
gwt
P

Pl

Time in(Saz.)

Fig. 11: Performance of wind energy conversion system under
sudden fall in wind speed

D. Performance of wind energy conversion system under
increasing in wind speed

Fig. 12 shows the performance of cogeneration unit

under increasing in wind speed. Wind speed is decreases from
10m/s to 14 m/s. therefore power generation is decreases from
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2MW to 3.9 MW. Because of this generator speed and torque
is also a increase which is shown in fig.
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Fig. 12: Performance of hybrid power system under decreases
in wind speed

E. Performance of grid of proposed cogeneration unit

Fig. 13 shows the performance of grid of
cogeneration unit. Here performance of proposed system
analyzed, in which first wave represents to grid voltage second
one to grid injected current third one is grid injected active
power while fourth one reactive power wave. It is observed
that whenever power generation by wind and PV increases
then grid injected current is increases and therefore active
power is increases.
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Fig. 13: Performance of grid of cogeneration unit

F. Power quality analysis grid voltage

Fig 14 shows the voltage waves of grid voltage of
phase A and its THDs analyzed and observed that THDs was
0.03%. It is under the IEEE standard. This is possible due to
control strategy of inverter.
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2

Fundamental (50Hz) = 563.7, THD=0.03%
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Fig. 14: Power quality analy5|s of grid voltage of co
generation unit

G. Power quality analysis grid current
Fig 15 shows the voltage waves of grid current of
phase A and its THDs analyzed and observed that THDs was

0.064%. it is under the IEEE standard. This is possible due to
control strategy of inverter.
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Fig. 15: Power quality analysis of grid current of co generation
unit

V. COMPARISION OF PROPOSED MODIFIED
SYSTEM WITH CONVERSIONAL

Modified, wind solar cogenerations using back to back system
is which is modified with reference no. [12]

5. Parameter and | In ref [29] | In proposed
No. | components
1. MPPT achieve | Yes Yes
in Solar
2. MPPT Achieve | Yes Yes
in Wind
3. Solarimadiation | Yes No
measurement
Required.
4. Pyranometer Yes No
Required
5 Wind Tes No
TIea SUTEm et
Required
] Anemometer Yes No
Fequired
7 Efficiency Less due to | Higher efficient
voltage than [29]
balancing
in PV
sy stem.
] Hammonic Mot given Very less
Analysis WV=0.03%(THD)
I=0.064%(THD)

V1. CONCLUSION

This paper has presented the modified wind-PV
cogeneration systems using current-controlled grid-connected
VSils. The VSR at the wind generator-side is responsible for
extracting the maximum wind power following the wind speed
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variations. On the utility-grid side, the roles of the VSl are to
extract the maximum PV power from the PV generator,
achieve the maximum power by P&O techniques with the help
of dc-dc boost converter and to maintain the dc link voltage
VS| control is responsible a unity PCC voltage under different
modes of operation. Different control techniques for proposed
system such as PV mppt, WECS MPPT control. And Inverter
control and it performance is validated through the MATLAB
Simulink 2017a.

APPENDIX
Proposed system parameters are given in Table.

Table 2 PV specifications

Variable Description Value
P Eated power 218W
Voo Open circuit voltage 36.6V
I Shott cireuit currsnt 197A
Vi MPPT voltzge 203V
I MPPT current 147A

M, MNumber of zeries medule 20
Wa Number of parallel 24
maoduls

Table 2 Boost converter Specification

Variable Description Value
L Converter mductor 3 3mH
Ce Converter capacitanes S000uF
Ik Converter Switching 10kH=

frequency
Table 3 Parameters of PMSG
Variable Description Value
P Bated power MW
Wi Nemmal veltags 600 vV
T Nemmzl frequency 873 Hz
R, Stator rasistance 0.821 mQ2
L, d-Axts Armature 135731 mH
Inductanes
L, g-Axis Armatire 5.830mH
' Inductance
] Inertia 20000 Eg.m*
Nt Rated speed 223 mpm
P Pole pair 26
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