International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016 500

ISSN 2229-5518

A Case Study On Voltage Control Strategy Of Standalone
Microgrids

Devikala K A', Babitha T Abraham?
'PG Scholar, Department of EEE,UKF College of Engineering and Technology,Paripally,Kollam.
*Assistant Professor, Department of EEE,UKF College of Engineering and Technology,Paripally,Kollam.

Abstract -Rapidly increasing energy demand from the industrial and commercial sector, steadily reducing energy sources
and at the same time increased concerns about environmental changes, have caused fast development of Distributed Power
Generation Systems based on renewable energy. A recent concept is to group Distributed Power Generation Systems and the
associated loads to a common local area forming a small power system called a microgrid. High penetration of renewable gen-
eration system which cause large voltage deviation in the system due to unpredictable output power fluctuations. This paper
proposes a voltage control of microgrids. The aim of this control strategy is to maintain the system voltages at critical buses
within safe operating limits. For stable voltage control, the Q/P droop control is added to the reactive power controller of the
renewable generation systems. With this control, the voltage fluctuation induced by the output active power fluctuation is ef-
fectively prevented as if there is a voltage-damping effect in the renewable generation. This paper is the case study on voltage

control strategy of standalone microgrids

Index Terms- MPPT and battery integrated voltage control method, Point of common coupling (PCC), Q/P droop

control method, Voltage control

1 INTRODUCTION

Restructuring of power system, environmental con-
cerns regarding concentrated power plants, instantaneous
changes of electrical energy price and fast technological devel-
opment of distributed generation (DG) units have all made
distributed generation ever increasing. A distribution network
to which a distributed generation system is connected is called
a microgrid. A microgrid appears when an electrical region
can control its voltage and frequency and supply its load au-
tomatically and independently from the grid. Existing rules in
electrical grids don't still let independent operation of mi-
crogrids due to several reasons such as safety of operators,
stability, etc. The early power grids can be considered as the
first distributed generation units as there were only DC net-
works and transmission of energy to long distances had there-
fore much energy loss. After appearance of power transform-
ers, DC networks were gradually replaced by AC networks.
Large power plants were founded at suitable places and ener-
gy was transferred long distances. The new trend towards DG
has been due to several reasons as:

> Technological development in DG units
Increased need to build new transmission lines
Reliable energy demand
Economical concerns
Environmental concerns
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More methods are available in voltage controls in mi-
crogrids, point of common coupling (PCC) voltage control
method, Voltage control for Photo Voltaic Systems with MPPT

and Battery Storage, Inverter Control method, And Q/P droop
control. In point of common coupling (PCC) voltage control
method, PV systems are mostly integrated to the power grid
via voltage source converters (VSC) . A VSC is capable of op-
erating in all four quadrants. Theoretically, the voltage at the
point of common coupling (PCC) of a grid-connected VSC can
be dynamically regulated by controlling the reactive power
injected/absorbed by the VSC to/from the power grid. There-
fore the capability of a PV system that is integrated to the grid
via a VSC to regulate the network voltage would enable the
PV system to be utilized as a dynamic voltage regulator in the
network at all times. In Voltage control for Photo Voltaic Sys-
tems with Maximum power point tracking technique (MPPT )
and Battery Storage, this method proposes several control al-
gorithms through which the capability of PV generators for
voltage control and to extract maximum power by MPPT con-
trol. Detailed models of PV, battery, inverter and converter are
considered for the study. The major contribution and novelty
of the proposed control methods lie in the coordination among
individual proposed control methods: MPPT control at the PV
side, battery control, and Voltage control algorithm at the in-
verter side. These three control algorithms at three stages are
jointly linked through a power balance objective at the DC and
AC side of the inverter so that the DC side voltage is indirectly
controlled at the desired value in order to maintain the AC
side voltage at the utility desired voltage. The first two meth-
ods are not beneficial economically, so the new method is Q/P
droop control method is used. Q/P droop control, which has a
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damping effect on the voltage, is added to the renewable gen-
eration to prevent the voltage fluctuation induced by its own
active output power fluctuations.

The remainder of this paper is organized as follows.
Section II: point of common coupling (PCC) voltage control
method. Section III: MPPT and battery integrated voltage con-
trol method. Section IV Q/P droop control method. Section V
outlines the conclusion.

2. CASE STUDY 1: POINT OF COMMON COU-
PLING (PCC) VOLTAGE CONTROL METHOD

The sensitivity of the PCC voltage of a grid-connected
PV system to active and reactive power is a function of the
network impedance. The R=X ratio of a low voltage distribu-
tion grid is generally greater than 1. Therefore the PCC voltage
of a PV system that is connected to the distribution grid is sen-
sitive to both active and reactive power injected to the grid by
the PV system. As a result, if a PCC voltage controller is de-
signed for a PV system connected to the distribution grid, both
network reactance and resistance should be taken into consid-
eration. In order to regulate the PCC voltage of a PV system at
a given reference voltage by controlling the amount of reactive
power injected to the grid by the PV system, a closed-loop
controller is needed. Further, to select a suitable compensator
for the controller and tuning the controller to obtain the de-
sired response, the dynamics of the control plant of the PCC
voltage controller should also be known. Therefore, in the cur-
rent research, a control plant model of the PCC voltage con-
troller of a PV system, which is integrated to a single-phase
power distribution grid via a VSC, is first derived. Both reac-
tance and resistance of the power distribution grid are taken
into consideration in deriving the plant model. A closed-loop
controller is proposed to regulate the PCC voltage at a given
reference voltage [2].
2.1. Control Of The PCC Voltage With A Dynamic Reac-
tive Power Controller

The design of the PCC voltage controller is described
in this section. Three different types of compensators are taken
into consideration for designing the controller. The control
plant model of the PCC voltage controller is used for design-
ing and tuning compensators where applicable.
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Fig.1.Control block diagram of the PCC voltage controller
The proposed closed-loop PCC voltage controller is

shown in Fig. 1, where the error signal e, is the difference in
the magnitude of the reference PCC voltage V,,0and the
magnitude of the measured PCC voltage V,,G.(s) is the
closed-loop current controller of the PV system and finally
Gy(s) is the control plant model of the PCC voltage controller.
Qrefdgrer and I are the reactive power reference, the magni-
tude of the reactive current reference and the magnitude of the
reactive current injected to the grid respectively. The response
time for the DC-link voltage controller of the PV system is
longer than that of the current controller. Further, the PCC
voltage controller should be made slower than the DC-link
voltage controller to decouple the two controllers. Hence, the
dynamics of the current controller can be disregarded assum-
ing G..(s) = 1 when designing the PCC voltage controller. In
Fig. 1, only the peak reactive current Iy, is shown as the out-
put of G..(s) since the PCC voltage is controlled by regulating
14 or the reactive power @, injected to the grid. But in the ac-
tual current controller of the PV system that is developed in
the stationary reference frame with a proportional resonant
(PR) regulator, both active and reactive current are controlled
by one controller [2].

3. CASE STUDY 2: MPPT AND BATTERY INTE-
GRATED VOTAGE CONTROL METHOD

Proposed MPPT and Battery integrated voltage con-
trolled solar PV system is presented in Fig.5. The control com-
prises of one loop for MPPT control, one loop for Voltage con-
trol at the inverter side and another loop for battery power
management.

3.1. MPPT Control

MPPT \
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Fig.2. Proposed System Configuration
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A typical solar panel converts only 30 to 40 percent of
the incident solar irradiation into electrical energy. Maximum
power point technique is used to improve the efficiency of the
solar panel. According to Maximum Power Transfer theorem,
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the power output of a circuit is maximum when the Thevenin
impedance of the circuit (Source impedance) matches with the
load impedance. Hence our problem of tracking the maximum
power point reduced to impedance matching problem. In the
sources side we are using a boost converter connected to a
solar panel in order to enhance the output voltage so that it
can be used for different application like motor load. By
changing the duty cycle of the boost converter appropriately
we can match the source impedance with that of the load im-
pedance. In recent years, a large number of techniques have
been proposed for maximum power point tracking
(MPPT).The majority of these methods are based on the per-
turbation and observation (P&O), which has the advantage of
simple operation and easy to implement. The “P&O” method
It is an iterative method of obtaining MPP. It measures the PV
array characteristics, and then perturbs the operating point of
PV generator to encounter the change direction. The maxi-
mum point is reached when
dFp _ 0
dVpy

Doing this method, the operating voltage of the PV
generator is perturbed, by a small increment, AV, and the re-
sulting change, APpyin power, is measured. If APpyis positive,
the perturbation of the operating voltage should be in the
same direction of the increment. However, if it is negative, the
system operating point obtained moves away from the MPPT
and the operating voltage should be in the opposite direction
of the increment. The logic of this algorithm is explained in
Table 1 . True table associated with the operation for the Per-
turbation and Observe (P&O) method.

TABLE 1
OPERATION OF P&O ALGORITHM
APPV(t) AVPV(t)
>0 +
<0 -

The “+”sign refers to an increment and “-” sign to a
decrease. In accordance with Table 2.1, if the PV power has
increased, the operating point should be increased as well.
However, if the PV power has decreased, the voltage should
do the same.

3.2. Voltage Control

Second loop consists of Voltage control at AC side of
the inverter. As shown in the control diagram in Fig. 3 (loop2),
the PCC voltage is measured and the rms value of is calculat-
ed. Then, the rms value vtt is compared to a voltage reference
vt*(t) which could be a voltage specified by the utility, and the
error is fed to a PI controller. The inverter output voltage
vex(t) is controlled so that it is in phase with the PCC voltage,
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and the magnitude of the inverter output voltage is controlled
so that the PCC voltage is regulated at a given level vtx(t) .
The control scheme can be specifically expressed as [3].

Vi

RMS PI

'L?

Fig.3. Integrated Solar PV MPPT and V-f control diagram

Where, KP2 and KI2 are the controller gains for this loop. In
[3], 1 has been added to the right-hand side such that when
there is no injection from the PV generator, the PV output
voltage is exactly the same as the terminal voltage.

3.3. Battery Power Control

The controls shown in the diagram of Fig. 2 and de-
scribed above are also integrated with the battery power con-
trol. The battery is incorporated in the PV system configura-
tion in order to supply or absorb active power and support the
frequency control objective with the PV generator. If there is
abundant solar power and the active power required for fre-
quency control is less than PV MPP, then the battery will be
charged. If there is not enough solar power available and if the
active power required for frequency control is more than PV
MPP, then the battery will supply the deficit power in order to
maintain the micro grid frequency at 50 Hz [4].

In this method differentiate the charging and dis-
charging mode of the battery. This is undertaken by compar-
ing PPV with Pinverter. If PPV>Pinverte , the battery is in
charging mode, hence the switching signal which activates
the Buck mode of the DC-DC converter. If PPV<Pinverter, the
battery is in discharging mode. Hence the switching signal
which activates Boost mode of the DC-DC converter. Hence,
with this control logic, the converter is capable of operating in
both directions and therefore, effectively charging and dis-
charging the battery whenever required.

4. CASE STUDY 3: PROPOSED SCHEME

Here Q/P droop control method is used. In this study,
the system nominal voltage is maintained by the excitation
system [1]. To solve the local voltage fluctuations caused by
the intermittent output power of renewable generation sys-
tems, we propose adding a Q/P droop control to the intermit-
tent renewable generation systems, as shown in Fig. 4 where
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the subscript ref denotes the reference value, 6;is the angular
position of the system voltage,V;; and Vj,are the inverter ter-
minal voltage of the d- and q -components, respectively i;; and
i are the inverter terminal current of the d - and g-
components, respectively, ws is the angular frequency of the
system voltage, L¢is the filter inductance ,P and Q are the out-
put active and reactive powers, respectively, Kop and Ky, are
the Q/P and Q/V droop coefficients, respectively,Pyand Q, are
the operating points of the active and reactive power, respec-
tively Quqris the maximum reactive power, and Vs is the
voltage of the bus where the renewable generation is intercon-
nected. P,.r is the maximum power from renewable genera-
tion that can be extracted from wind speed or solar irradiance.
Q, is set to 0 so that the renewable generation systems operate
as unity power factor when the voltage droop control is not
activated [1].

Wind speed
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Solar iradiance

P
MPPT control
—
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Fig.4. Control scheme of the grid-side inverter of the renewable
Generation system.

As a conventional control, the Q/V droop control pre-
vents the bus voltage from deviating far from the nominal
value. As in Kov has a value between 0 and 25 considering the
rate capacity of power generation. The value of is based on the
following equation,

Q
K., = Prat% (1)
Qv AVpys
Vbus

Where Vg5 and P4 are the base voltage of the bus
and the rate of active power of the generation system respec-
tively. Here, Ky, of the PV and wind power is set to 25 and 5,
respectively. Since Ky is determined based on the rate capaci-
ty of power generation, adding the Q/P droop control might
cause excessive reactive power output. To prevent this prob-
lem@,. is limited by the following equations [5].

Quax = SJ?ate — P2 ()

Where, S, 4. is the rate apparent power of the inverter
which is considered to be same as the rate power of generation
system. From (2), it can be noticed that the maximum reactive
power is determined by the output active power which means
that maximizing the active power is prioritized over compen-
sating there active power. The voltage fluctuation cannot be
effectively prevented by adopting the conventional Q/V droop
control since it fundamentally triggered only after the voltage
deviation is occurred as shown in Fig. 4. The focus of this pa-
per is on the resolving of the fundamental problem that causes
the voltage fluctuation. Thus, the role of the Q/P droop control
of the renewable generation systems is to prevent voltage fluc-
tuations induced by the system's own power fluctuations. By
sensing the active power deviation from Py, reactive power in
proportion to K,p is produced in compensation to prevent
voltage fluctuation.

Day and night are considered separately to determine
Pyand Ky . for the PV and wind power is calculated by apply-
ing the average value of solar irradiance and wind speed, re-
spectively. K,y is obtained using a sensitivity matrix, which
can be calculated from the Jacobian matrix equation [6].

[AP] _[Jre ]P|V|] A6 ] 3
80) T lgo Jomillalvi (%)
Where, AP = [ 4P, ,4P,, ... ... ,AP;,]"is the active pow-
er deviation at each bus, AQ =[40Q,,40Q,,... ... ,40,,]" is the
reactive power deviation at each bus,
AO =[40,,40,,... .. ,46,,]"is the voltage angular position
deviation at each bus, A|V| = [4|V],,4|V],, ... ... ,A|V|,2]is the

voltage magnitude deviation at each bus, and Jpg , Jp|v|, Joe,
and /oy are the Jacobian matrices. Note that the Jacobian ma-
trix can become ill-conditioned or singular if the network volt-
age level is low. In this case, another method should be devel-
oped for acquiring Q/P droop coefficient. However, we focus
on the medium or higher level of distribution network in this
study. Taking the inverse transform of the Jacobian matrix giv-
en in (3), the sensitivity matrix equation can be expressed as

Alvi]—

[ A0 [SBP @)

SQQ ]

AP]
Svie

Sivip AQ

The voltage deviation occurring with the change in the active
and reactive power is calculated as,
AlVl = S|V|P AP + SlVIQAQ (5)

From (5), it can be noticed that the voltage fluctuation can be
occurred by the active power fluctuation and can be reduced
by compensation of the reactive power. The objective of the
Q/P droop control is to mitigate the bus voltage fluctuation
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caused by the output power fluctuation of the renewable gen-
eration systems that are interconnected to that bus. Hence, to
make the voltage deviation of bus equal 0, the following equa-
tion must be satisfied:

AlV]; = Syip 1i14P; + Siy1,:,:4Q;
=0
=S|V|P,i,i (Po,i

(6)
- Pi) + Sivi0,ii (Qoi — Qi)

Since Qo is set to 0, (6) can be rearranged as

Qi = (M) (Po,i = Pi)

SviQii

()

Where S|y |p.i,i/S|vo,ii is determined to be Kj,, of the renewa-
ble generation interconnected at bus. Determining proper P, is
in the scope of the system scheduling.

We consider the active power fluctuation of the PV
power system, the proposed voltage control strategy also posi-
tively affects the PV power system bus as shown in Fig. 5, and
the proposed method performs well for the PV power system.
However, if the reactive power is limited according to (2) as
shown in Fig. 5(a) at around 53-56 s, the bus voltage became
to have as similar value as that of the method adopting Q/V

droop only.
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Fig. 5. Simulation results for Case V. (a) Reactive power of PV power.

(b) Bus voltage of PV power

5. CONCLUSIONS

First two methods uses voltage source converters
without any damping effect on output voltage. Also in second
method, there uses more number of control algorithm control-
ling the voltage limits of micro grid. So these factors make the
control system were more complex and costlier. So the systems
become uneconomical. The use of VSC will cause vulnerable
to electromagnetic interference noise and the devices gets
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damaged in either open or short circuit conditions. But in Q/P
droop control, which has a damping effect on the voltage, is
added to the renewable generation to prevent the voltage fluc-
tuation induced by its own active output power fluctuations.
So to solve the local voltage fluctuations caused by the inter-
mittent output power of renewable generation systems, the
better method is Q/P droop control method. Besides, small-
signal stability is not yet analyzed and a Q/P droop coefficient
might not be acquired for a low voltage distribution network.
Consequently, new load sharing method for the system of
multi generators, small-signal stability analysis, and a method
for acquiring Q/P droop coefficient for low voltage distribu-
tion network should be investigated for the future works.
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