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Power Quality Analysis of Hybrid AC/DC
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Abstract: Microgrid is a complex structure which is a localized
group of electricity generation, storage and load which usually
operates connected to a macrogrid. The quality of power
delivered to the grid during interconnection is one of the key
factors which determine the reliability of the microgrid and is
affected due to various reasons which include -electronic
components that leads to equipment overheating, excessive
neutral currents etc., which can cause voltage dip, flicker and
unbalance voltage at the end user. The power quality level in
microgrid has to be quantized and necessary analysis has to be
done to investigate the power quality impact in microgrid
network. In this paper the analysis of THD of the hybrid system
with PV and DFIG in grid connected and islanded mode is
studied using MATLAB/SIMULINK. It is found that the THD is
reduced when both PV and wind are connected to the grid and
increases when isolated. The major advantage of this analysis
emphasizes that this system can be applied for highly nonlinear
and variable PV and wind systems connected together with the
grid. Simulation results also shows that this system is effective for
microgrid with varying inputs.

Index Terms: Microgrid, Power Quality, Grid Connected,
Isolated, Photovoltaic Array, DFIG

I. INTRODUCTION

A Microgrid is an integrated system of autonomous

small scale power grids which consists of interconnected
distributed energy resources and loads and are capable of
operating in islanded mode as well as parallel with the grid
which makes it highly reliable and flexible. A hybrid
AC/DC microgrid consists of AC grid and DC grid which
supplies AC load and DC load. The power quality issue in
microgrids can occur due to the high penetration of
Distributed generators such as PV, wind etc., and also due to
harmonics caused by increased load reactive power
demands. Hence a technical study about the different power
quality effects[1] in microgrid such as voltage and
frequency variation, power variation, voltage and current
harmonics, unbalance voltage and neutral current level on
the utility grid [2] is required to improve the reliability.
Among the above mentioned power quality issues, the effect
of odd harmonics such as 3%, 5 7t9™ etc., are of more
significance in electrical distribution systems [3] [4].
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Current harmonics produced due to nonlinear loads have
waveforms that are not sinusoidal due to additional
waveforms superimposed on it and produce multiple
frequency in addition to the fundamental frequency sine
wave. Current distortions are responsible for voltage
distortions. Harmonic current measurements indicate the
harmonic generation content of the load while voltage
measurements define the system response. The design of PI
controller for DFIG is given in [5]. Photovoltaic systems
usually incorporate power electronic interface to extract
maximum power from the PV source and to convert DC to
AC for grid connection. Overheating of neutral in three
phase system, voltage difference in the secondary of the
distribution transformer and hence increase of copper loss
and heat loss in electrical equipment are the primary issues
following excessive harmonics produced in a system [6] [7].

The summation of higher frequency sinusoidal
components which are integer multiple of the fundamental
harmonic is called current or voltage harmonics. Current
harmonic domination is due to the power electronic
converters and non linear loads and this subsequently causes
rise in the voltage harmonics due to system impedance.
Nonlinear loads are also responsible for harmonics which
has a heavy impact on the system reliability and operational
efficiency. Current THD analysis should be given more
importance than voltage THD analysis especially for grid
tied PV system and that operating at variable insolation[8].
Moreover PV with low irradiation produces more current
harmonics and appropriate filtering measures have to be
taken or disconnected during low irradiation. This paper
investigates the harmonic analysis of the DFIG system by
connecting the combination of PV-DFIG to the microgrid
and is done using MATLAB SIMULINK. Detailed
simulation is done for different load conditions by analyzing
different system conditions and the effect of the new
harmonic sources on the system is studied[9]. Pl controller
is used for controlling the grid side and rotor side of DFIG.
The point of common coupling is taken as the interface
between the utility and the consumer. Both the theoretical
analysis and simulation are done and the magnitude of
harmonics in the system are measured using THD analysis
and is done on the inverter output current where the load is
connected.

Il. PROPOSED METHOD

The proposed system consists of a hybrid combination of
DFIG and PV which are intermittent and complementary in
nature is shown in fig 1.
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It consists of a DFIG system driven by wind turbine in
which the converters used in grid side and rotor side
controllers uses only 25 to 30% of the total capacity of
output power. The output of DFIG is rectified and tied with
the output of PV which uses DC-DC converter to produce
constant DC voltage and the input tracked by MPPT
controller to track maximum power. This combination is
connected to a common DC bus where a battery is also
connected which supplements the intermittency and
complementary nature of the sources.
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Fig 1. Hybrid Combination of PV and DFIG

The output of DC bus is inverted and then connected to
three phase transformer before connecting to AC bus. From
there it is connected to the grid where three phase AC load
is connected.

I11. SYSTEM DESIGN

A. Solar Panel

The building block of PV arrays is the solar cell, which
is basically a p-n semiconductor junction, and its equivalent
circuit is shown in Fig. 2. A photovoltaic source is a current
source which depends upon the rate of insolation and is
called Photo current, lp,. There is some resistance to the
path of flow of electrons which is represented by R, and is
connected in series with the circuit [10]. It is modeled using
the following equations.

I=Iph_ID_ sh (l)
(V+RgI)
= ph_(lo [equ _1])_ sh (2)
V+IRs
I = 2= ®)

The photo current mainly depends on solar insolation and
cell’s working temperature which is described in (4).
Iph = [Ise + Ky (T, — Tref )H (4)

Where I, = cell short circuit current at 25°C and 1kW/m?
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Fig. 2. Equivalent Circuit of Solar Cell

The boost converter is connected to the solar panel in the
source side which enhances the output voltage by changing
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the duty cycle appropriately by matching the source
impedance with load impedance. Perturb and Observe(P&O)
method is used to track the Maximum Power Point by using
a voltage sensor to sense the PV voltage and calculate the
reference voltage towards which the PV voltage should
move for obtaining the maximum power output.

B. Wind Energy Conversion System

The controller is the brain of the wind system and it is
responsible for controlling the speed and torque of the
generator and also the power electronic interfaces. The
speed and torque can be controlled by regulating the voltage
fed from both stator and rotor of the machine. In DFIG the
real power and slip depends on voltage magnitude and angle
of the rotor[11]. Due to the variable speed operation of
DFIG, the maximum operating point of the torque speed
curve has to be tracked accurately [12]. When the torque is
controlled speed can be adjusted. Thus the desired active
power can be obtained by the instantaneous rotor speed
value and thus controlling the rotor current in the stator flux
oriented reference frame. Thus operating at the desired
active power in turn results in desired speed and torque [13].
The grid side controller should also be controlled to keep the
DC link voltage fixed and to make the direction of rotor
power flow independent.
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Filter

T
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Fig 3: Double Fed Induction Generator
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Fig 4: DFIG Topology

The DFIG system and the topology are shown in Fig 3
and Fig 4 respectively. One of the most important
advantages of DFIG is that the power flowing through the
rotor is only around 25 — 30% of the power through the
stator and hence power electronic interface can be designed
for 25 — 30% of the total power [14].
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The rotor converter has the capacity to control the slip of
the induction generator and when the wind power surpasses
the stability limit, then the generator shifts to
supersynchonous mode. On the contrary if the input wind
power decreases additional power has to be fed through the
slip rings into the rotor to prevent the generator operating
sub synchronously.

The electrical equivalent circuit of DFIG for steady state
is shown in fig 5.
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Fig 5: Electrical Equivalent Circuit of DFIG

The direction and magnitude of the power between stator
and rotor windings can be controlled by adjusting the
switching of the PWM signals of the inverter[15].

The total power of a DFIG is

Pe = Py — Py = sPg = Py + Py,

Where Pm — total mechanical power from the wind
turbine’s

shaft
Pg —air gap power
Pr  —rotor power
P

xr - power of rotor losses

Hence the power factor can be adjusted by controlling the
angle ¢ which is the angle between rotor voltage Vr and
rotor current Ir.

P.=sPg =3 [Irer + VI, cos (pr]

Here rotor current Ir is
VZ0° — (V,/s5) 20,

Ir = N N
(Rs + R /s) +j(Xs + Xr)

C. Rotor Side Controller

The DC signal is inverted by applying previously generated
switching signal. The inverter is a VVoltage source converter
and hence capacitor is used as DC link.

D. Battery System

The time constant of many distributed generators are
large and moreover they are intermittent and unstable and
hence a battery storage system is essential in microgrid to
accommodate variations in power generation and load.The
energy is stored in electrochemical form and the main
function of energy storage system in microgrid is to
maintain stability, to improve power quality and to aid in the
integration of distributed generators. Surplus energy
produced by the renewable sources wind and solar are stored
during high availability and dispatched during power
shortage [16].

E. Three phase Inverter

The PV system produces DC output and hence produces
only real power and has to depend on inverter for reactive
power support. The DC signal is inverted by applying
previously generated switching signal. The inverter is a
Voltage source converter and hence capacitor is used as DC
link.
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F. AC Filter

The distortions in the output voltage of the inverter is
smoothened using the second order AC filter whose cutoff
frequency is 50 Hz.

FILTER OUTPUT VOLTAGE

Woltage, V'

i i
0005 001 0015 002 0025 003 0035 004 0045 005
Time, Sec

Fig 6. Output of Inverter With Filter

Fig 6 shows the output voltage with filter and the peak
voltage is 415V.

G. Transformer

A step up delta-star transformer 0.1 KVA operating at
grid frequency of 50Hz is used as galvanic isolation and the
low voltage side 250V is connected to the inverter while the
high voltage side 400V is connected to the grid. This
transformer is connected at the output of the inverter to
avoid dc injection and to block the path for dc current into
the grid.

H. Utility Grid
The utility grid system is represented as an equivalent 400V

and 50 Hz source and this utility grid falls within the low
voltage (LV) power system range.

IV. CONTROLLERS

The controllers play a major role in regulating the output
voltage in a microgrid and the DC bus voltage in the hybrid
microgrid must be regulated by the DC sources and storage
devices connected to the DC part during the islanded
operation. Meanwhile the ac voltage and frequency must be
regulated by the inverter.

1) PV Controllers:

A DC/DC boost converter is used in the Photovoltaic system
inorder to change the input resistance of the panel by
varying the duty cycle to match the load resistance. The
battery is a bidirectional DC/DC converter which charges
when abundant radiation is available and discharges during
off-peak period and maintains stable DC link voltage during
islanded operation. A capacitor is added between PV array
and DC/DC converter to suppress the high frequency ripples
from the PV output voltage. A Pl controller is connected to
provide switching pulse to the boost converter by
minimizing the error between Vref and measured voltage by
varying the duty cycle through the switch before connecting
to the DC load inorder to control the input voltage of
converter and to maintain constant voltage for load.
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2) DFIG Controllers:

The block diagram in Fig 7 shows the rotor control scheme
using PI controller for controlling the rotor current. It is used
to develop the rotor reference voltages according to reactive
power and speed of the rotor.

P

From fig 8 it is clear that the %THD is 0.66 when connected
to grid.

Case ii) islanded mode

When the grid is disconnected, the converter may have to
continue supplying critical load while maintaining the
voltage and frequency irrespective of the type of load.
Voltage should be provided by the DG unit and the THD at
the local load side is shown in Fig 9.

Table 2: Voltage THD Under Islanded Condition
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- _Ls
"X" MVe 4’)(" Pr

Ore 54— pI

_:X_’

Fig 7: Block Diagram of Rotor Control Scheme

V. RESULTS AND INTERPRETATION

The hybrid system which consists of the distributed
generators DFIG and PV under grid connected and isolated
system are considered as the test system and developed in
MATLAB/SIMULINK.

A harmonic study is done at the point of common coupling
(PCC) where the electrical utility and consumers are
connected, in order to analyze the performance of the hybrid
microgrid with wind, solar and battery connected system.
Here the DG is found to absorb the harmonic current from
the local load. This condition is checked by connecting a
non-linear time varying three phase ac load of 1KW and
0.1KVAR at the inverter side with the speed varied from
10m/s to 8 m/s under two different cases.

Case i) Grid connected mode

In grid connected mode, the converter connects the
microsources to the main grid and the power is maintained
by the utility grid. The table 1 shows the corresponding
values of voltage THD at the load when the system is
connected to the grid.

Table 1: Voltage THD Under Grid Connected Mode

%TH 31 5t 7t
D harmonics | harmonics | harmonics
volaeen | 066 | 0.3 0.1 0.05
Voragen | 406 | 175 1.0 0.75
vonagein | 408 | 175 1.0 0.75
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Fig 8: %THD in Phase a Under Grid Connected Mode
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From the Table 2 it is observed that the THD increases
during islanded mode. It is due to the fact that under
islanded condition, the DG should supply power to the
connected loads and the rest of the distribution network
which inturn causes some loading changes in microgrid,
which produces harmonic voltage and current and
contributing to THD.

FIFT window: 3 of 4 cysies of sebected signal
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Fig 9: %THD in Phase a Under Islanded Mode
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Fig 10: Load Current at Different Phases

The load current at different phases are shown in fig 10.
From the analysis of grid connected and islanded modes, it
is clear that the system can be applied for highly nonlinear
and variable PV and wind systems connected together with
the grid.
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VI. CONCLUSION

The microgrid should dispatch power supply of high quality
and reliability to sensitive loads. The behavior of microgrid
during grid connected and islanded mode is modelled based
on Double Fed Induction Generator, Photovoltaic cell,
battery and inverter and the THD analysis when connected
to AC and DC loads are performed. It is found that the THD
is more when microgrid is in islanded mode and less during
grid connected mode.

REFERENCES

1. El-Samahy, El-Saadany,”The Effect of DG on power Quality in a
Deregulated Environment,” in IEEE power Engineering Society
General Meeting 2005, pp.2969-2976.

2. R.D.Hendrson, P.J.Rose,”Harmonics: The Effects on Power Quality
And Transformers”, IEEE Trans Industry Apply, 1994, vol (3),
pp528-532

3. S.M Halpin, L.L.Grigsby the Electric Power EngineeringHandbook,
CRC LLC (2001), PP15.22-23

4. |EEE 1547,IEEE Standard for Interconnecting Distributed Resources
with Electric power systems,2003,pp8-10

5.  F. Poitiers, M. Machmoum, R. Le Doeuff and M.E. Zaim, “Control of
a doubly-fed induction generator for wind energy conversion
systems,” IEEE Trans .Renewable Energy, Vol. 3, N°. 3, pp.373-378,
December 2001.

6. Baggini A B, “Hand Book of power quality”, Wiley online library ,
2008, http://dx.doi.org/10.1002/9780470754245

7.  Francisco De La Rosa, “ Harmonics and Power Systems” CRC press,
Boca Raton, 2006.

8.  Abdulrahman Kalbat, “PSCAD Simulation of Grid-Tied Photovoltaic
Systems and Total Harmonic Distortion Analysis” International
Conference on Electric Power and Energy conversion systems,
October 2013

9. IEEE Recommended Practices and Requirements for Harmonic
Control in Electrical Power Systems, IEEE Std. 519, 1992.

10. Sujata. M. Bagi, N. Jayakumar, Thiruvonasundari. D, “Performance
analysis of power flow controller for photovoltaic generation system
using MATLAB/SIMULINK,” International Journal of Engineering
Research and Technology, Vol. 3 , Issue.3, March 2014, pp.2113 —
2119.

11. L.Jiao,B.-TeckOoi,G.Joos,andF.Zhou,“Doubly-fed induction
generator (DFIG) as a hybrid of asynchronous and synchronous
machines, “Electric Power Systems Research,76,33-37,July 2005.

12. Chowdhury, Badrul H; Chellapilla, Srinivas , “Double-fed induction
generator control for variable speed wind power generation,” Electric
Power Systems Research, Vol 76, issue 9, 786-800, 2006.

13. Eel-Hwan, S.-B. Oh, Y.-H. Kim, and C.-S. Kim, “Power control of a
doubly fed induction machine without rotational transducers,”
Proceedings of the Power Electronics and Motion Control
Conference, Vol. 2, pp. 951-955, August 2000.

14. Andreas Peterson, Lennart Harnefors, and Torbjorn Thiringer,
“Evaluation of current control methods for wind turbines using
doubly fed induction machines”, IEEE Transactions on Power
Electronics, vol.20, No.1,January 2005.

15. R. Pena, J. Clare, and G. Asher, “Doubly fed induction generator
using back-to-back PWM converters and its application to variable-
speed wind-energy generation,” IEE Proceedings on Electric Power
Applications, vol 143, pp.231-241, May 1996.

16. Sebastian R. “Modelling and simulation of a high penetration wind
diesel system with battery energy storage” International Journal of
Electric Power Energy System 2011;33(3):767—74.

AUTHOR PROFILE

Sheeba Jeba Malar.J received her B.E in Electrical
and Electronics in 1998 and M.E in Power Systems in
a5 1999 both from Annamalai University. Currently she is
= working as Associate Professor in EEE department of
‘V” John Cox Memorial CSI institute of Technology,
'3’* v Kerala, India. Her research interests include integration
ek i of Distributed energy resources, control of power
electronic converters and power systems.

Retrieval Number D5361047418/18©BEIESP
Journal Website: www.ijeat.org

111 © Copyright: All rights reserved.

International Journal of Engineering and Advanced Technology (IJEAT)

ISSN: 2249-8958 (Online), Volume-7 Issue-4, April 2018

Prof. (Dr.). Jayaraju Madhavan received his B.Tech in
Electrical and Electronics Engineering from University of
Kerala in 1985, ME from 11Sc Bangalore in 1994 and PhD
from University of Kerala in 2005.He was with the EEE
Dept. of TKM College of Engineering, Kollam, Kerala,
India. He has served as the Director of ANERT in the
Dept of Power under Govt. of Kerala. Currently he is the
principal of MES Engineering College Kollam, Kerala, India. He is having
more than 35 years of experience in Engineering Education and Research.
His research interests are Highvoltage Engineering, energy conservation
and management, new and renewable energy sources etc. He has published
more than 40 papers in various international journals and conferences and
also published three text books. He is the life member of more than 10
professional bodies including IEEE (USA), Institution of Engineers (India),
Institution of Valuers, Indian society for Technical Education etc.

oka“gineeﬁn g

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/
http://dx.doi.org/10.1002/9780470754245

