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Abstract:

Grid-connected PV-system generates active power only during daytime and it remains completely idle or sleeping during nighttime.
In an interconnected power system balance between active and reactive power consumption and generation is very essential to
maintain the frequency and voltage constant. The current trend is that the reactive Power is either supplied by generators or by separate
reactive Power compensators such and shunt capacitor, STATCOM, etc. If the grid needs reactive power during night time, the
sleeping inverter of the solar-PV system can be used as a reactive power generator without exceeding the volt-amp rating of the
inverter and this scheme is named PV-STATCOM in this paper.

This paper presents the concept of PV-STATCOM and its control logic. The inverter of the grid-connected Solar-PV system acts as
an active power generator during daytime and reactive power generator during nighttime. The proposed scheme is simulated in
MATLAB Simulink and the simulation results are presented. The simulation result shows that the proposed control logic for PV-
STATCOM works satisfactorily.

Keywords: Static Synchronous Shunt Compensator (STATCOM), Photovoltaic (PV), Reactive Power Control, Flexible AC
Transmission System (FACTS), Solar Power Systems.

the PV system is disconnected, and the operation will be

1 Introduction just STATCOM in parallel with the grid.

Although PV technology is expensive, it is receiving
strong encouragement through various programs [1]. But
the main challenges the renewable system faces are
integrating on a large scale due to their limited power

The paper is organized as follows; Section 2 presents the
basic concept of PV-grid connected system and
STATCOM operation. Section 3 presents the basic
concept of the Proposed Scheme. Section 4 presents

transfer capability [2].

To increase the available power transfer capability (ATU)
of the existing line, FACTS devices are being considered
[3,4]. FACTS devices that are used to increase the ATU
of the existing line are STATCOM, SSC, Capacitor Bank,
etc. Due to the flexibility in operation, wide availability of
power electronic devices and fast response STATCOM is
mostly used. For small and medium power applications,
compensation of VAR has been proposed using IGBT i.e.
insulated gate bipolar transistor as switching devices [5,6].
Hysteresis Band controller inverter is used to track the
actual current to compensate for the reactive power. A
new voltage control has also been proposed on PV solar
farms to act as STATCOM [7,8,9]. But this does not have
utilized PV system for power transfer limit improvement.

This paper proposes active and reactive power control to
balance the total capacity of inverter and adjust the
reactive power for PV Power. During the daytime, it acts
as an active and reactive power generator. At nighttime,

simulation results performed in MATLAB/Simulink.
Section 5 discusses the discussion and conclusion of the

paper.

2 Grid-Connected Solar PV System
and STATCOM

2.1 D-Q Theory

It will be very complex to analyze the system in abc
component. To simplify this complication, DQ- modelling
had been developed.

abc to dq0 transformation gives,
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Figure 1: Grid Connected Solar PV System

Q-axis coil current I will not produce a magnetic tie-up
between the stator pole and rotor pole. Whereas d-axis coil
current I¢ produces magnetic tie-up between stator pole
and rotor pole. Therefore, 14 is proportional to Active
power (P) and I, is proportional to Reactive power (Q).

2.2 Grid-Connected Solar PV System

Grid-Connected Solar PV System consists of PV Panel,
MPPT, DC Chopper/VSI, Inverter, RL filter, Hysteresis
Band Controller, and Gate Signal Generator. Figure 1
shows the block diagram of the Grid connected Solar PV
System.

2.2.1 MPPT

The efficiency of the PV-system is low in the order of 18-
20%, therefore PV needs maximum power point tracking
(MPPT) control to extract maximum power (Pmax) from
the solar PV-system [10]. The PV and IV Characteristics
curve along with the maximum power point is as shown
in figure 2.
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Figure 2: PV and IV Characteristics Curve
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There are many MPPT controls developed. The P&O
(Perturb and observe) algorithm is very popular, simple
and it requires less parameter to track the maximum power

from PV source under different condition, among all other
MPPT techniques.

The flow chart of the corresponding algorithm is shown in
figure 3. In which, when there is an increase in
photovoltaic power (P) and photovoltaic voltage (V)
takes place at the same time and vice versa, a disruption
in step size (AD) will be added to the duty cycle, duty
cycle (D) to generate next cycle of perturbation to force
the operating point moving towards the maximum power
point. When there is an increase in photovoltaic power but
a decrease in photovoltaic voltage and vice versa, then
disruption in step size will be decreased for the next cycle
of perturbation. This process will repeat until to obtain
maximum power at the maximum power point. It satisfies
the good dynamic response and steady-state performance.

AV=Y({n)-V(n-1)

AP=P(n)-P(n-1)

P

D=D-AD ‘ ‘ D=D+AD D=D-AD ‘ ‘ D=D+AD ‘

\—@—‘

Figure 3: Flow Chart of Perturb and Observe Algorithm




2.2.2 CONTROL LOGIC

Figure 4 depicts the control logic for reference current
calculation. MPPT logic estimates the maximum power
(Pmax) that can be extracted from the PV panel for the
given value of solar irradiance. I4 current (d-axis current
to be injected by the inverter to the grid for maximum
power transfer to the grid) is found from VSI dc-link
controller. Since the Inverter is supposed to inject only
active power, I current (q-axis current to be injected by
the inverter) is set to Zero. PLL block is used to sense the
grid frequency. DQO to abc transformation blocks gives
the reference to current /.. (ref) to be injected by the
inverter to the grid. The actual as side inverter current s,
(actual) is sensed and compared with I (ref) in the
hysteresis band controller. The hysteresis band controller
along with the gate signal generator produces required
gate signals for a 3-phase bridge inverter so that the I,
(actual) tracks the I, (ref) within the set band and insures
the injection of maximum active power to the grid.

2.3 STATCOM as shunt VAR Generator
and Hysteresis Band Inverter
Figure 5 and 6 represent the block diagram of STATCOM
as VAR generator and phasor diagram of STATCOM,
respectively.
Vs=Vo
Ro+jXo

In STATCOM, [, =

Power loss in R, per phase =12 * R,

Active power flow in the inverter branch = V; * I, * sinf,
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Figure 4: Control Logic for I+ Calculation

If 12 * R, =V, = I, * sinf, then active power flow in the
inverter is exactly equal to power loss in the inverter
branch. This happens for the value of 6,, which is given

by, 6, = sin™! (R“;i) After some time 0, becomes
s
steady.

If 6, of inverter > O,(steady) then active power flow in
inverter branch and V. of capacitor increases. If 0, of
inverter < O,(steady) then active power from inverter and
V. decreases.

Therefore, 6, can be controlled to the desired value by
sensing ‘Vq¢.’ and comparing it with reference value Vqc
(ref). The error obtained is then passed through PI
controller which gives a proper value of I4 at which value
of active power flow in inverter be exactly equal to 12 *
R, and V4 remains constant.
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Figure 5: STATCOM as Var Generator
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Figure 6: Phasor Diagram of STATCOM

From the figure 5, the amount of reactive power from
STATCOM (or Iq which is a 90-degree leading current)
can be generated by sensing the load current through
current sensor. I, part of that current can be made the I
component of the STATCOM. These I, and 14 currents are
then converted into L. (ref) using the PLL block. The
actual as side inverter current I, (actual) is sensed and
compared with I (ref) in the hysteresis band controller.
The hysteresis band controller along with the gate signal
generator produces required gate signals for a 3-phase
bridge inverter so that the I, (actual) tracks the Is.(ref)
within the set band and insures the injection of required
reactive power demanded by the load.

When the T switch is turned ON keeping T, OFF, the
inverter voltage output is +0.5V¢, and iy rises as shown in
figure 7. When the actual current (ip) reaches the upper
band (UB) limit, the T; is turned OFF and the switch T
and T4 turned ON, then output voltage becomes —0.5V .
and ip decay slowly. When the actual current (ip) reaches
the lower band (LB), the switch T, is turned off and the
switch T; is turned on, then output voltage becomes

+HB

+0.5Vyc and ip rises again. As a result, the output voltage
oscillates from +0.5Vq to —0.5Vy., and the actual current
track the reference current within the set hysteresis band
(HB).

3 Proposed Scheme

There are two modes of PV-STATCOM operation:

Partial PV-STATCOM mode: In this mode, the real
power generation continues unabated based on available
solar radiation. The inverter capacity left after real power
generation is used for STATCOM operation. This mode is
used during the daytime typically during the early
morning and late afternoon.

Full STATCOM mode: This mode utilizes the entire
capacity of the solar inverter to operate as a STATCOM.
This mode is completely available during nighttime.

3.1 Control logic

Figure 8 illustrates the block diagram of the control logic
of PV-STATCOM using Hysteresis Band Controller.

During daytime, Ipv> Lipv)(Threshota)

At this time PV array supplies active power this active
power is transferred to the grid using Vg controller,
Inverter, and other control logic. At that time, the reactive
power is supplied to the grid if the power generated by the
PV array is not the maximum of its limit (which is at
1000W/m? generally). The total power (VA) of the
Inverter is always constant. CB-1 and CB-2 are kept
closed at daytime according to irradiance.

Iandref)=Tn Sin(ot+90° -0o) / In.Sin (0t+90° -B0) + HB
L Iy Sin (ot 90° -00) - HB
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Figure 7: Current Tracking in Hysteresis Band
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Figure 8: Control logic of PV-STATCOM
During nighttime, Ipv< Lrpv)(Threshola) Table 1: PV specifications
At night Irradiance level is below the threshold CB-1 and Components Parameters
CB-2 are kept open so that there is no power flow from Modul Sun Power SPR-
the PV array. At this time, the inverter supplies only odue 315E-WHT-D

reactive power to the grid keeping total power (VA)
constant. liargeea Value is taken as maximum power
delivered by the PV array as total power or we can take it
as according to devices used in circuit. This liargeted Value
is now linked with I4 (active component) and 4 (reactive
component) to calculate how much active and reactive
power to supply.

4 Simulation and Results

4.1 Simulation

The model as shown in figure 9 is simulated using
MATLAB (Matrix laboratory) simulation software
(2016a).

4.2 System Parameters

Table 1 and 2 illustrates the specification of PV and
inverters respectively used in the simulation. Likewise,
the data of boost converter and coupling inductor is as
presented in the table 3 and 4. For the calculation of d-axis
component of current Iq4, the data used are as shown in
Table 5.
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Maximum Power (Pmax)

315.072W per string

Open Circuit Voltage (Voc)

64.6V per string

Voltage at Max Power Point (Vimp)

54.7V per string

Short Circuit Current (Isc)

6.14A per string

Current at Max Power Point (Imp)

5.76A per string

Irradiance (Ir)

1000W/m? (max)

Table 2: Inverter

Components Parameters
Inverter Rating 82.5KVA
Capacitor Rating | 10mF
Capacitor Voltage | 350V

Table 3: Boost Converter data

Components Parameters
Converter Rating | 82.5KVA
Inductor Rating 4mH
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Figure 9: Simulation Model of PV-STATCOM in MATLAB/simulink

Table 4: Coupling Inductor

Components | Parameters
Resistance 0.010hm
Inductance 0.28mH

Table 5: Data used for Ia current calculations

Components Parameters
Reference Voltage | 700 V

Ko 11.2

Ki 73.5
Sample Time le-5

4.3 Results

The total voltage across the DC- link capacitor was held
almost constant at 700V. Dump power obtained from the
inverter terminals was passed to the grid with the expense
to maintain the constant dc-link voltage. The dc-link
voltage is to be maintained constant at some suitable value
because the fluctuation of this voltage changed the output
of the inverter. Figure 10 shows the total DC- link voltage
at 700V.
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According to the control logic used for power extraction
from PV, if irradiance < 200 W/m?, it is considered as
nighttime, while if irradiance > 200W/m?, it is considered
as daytime. Irradiance signal is constructed with respect to
time showing daytime (when irradiance > 200W/m?) and
nighttime (when irradiance < 200W/m?). From the figure
11, in the initial situation, when irradiance is maximum
(1000W/m? according to our logic), MPPT tracks
maximum power at that instant, and active power of full
capacity is obtained from PV after a certain transient. The
transient is due to delay in electronic switching
components. When irradiance has decreased from
1000W/m?, active power generation has also decreased.
At the same instant reactive power has also gradually
increased such that apparent power is constant which is
clearly seen at the graph. When irradiance < 200W/m?
there is no active power generation. This is the nighttime
according to our logic. At this time inverter acts as VAR
generator and generates VAR in full capacity. The similar
process is followed where active and reactive power flows
in such a way that apparent power is always constant.
During daytime, either active power only or both active
and reactive power flows according to the situation
whereas, during nighttime only reactive power is supplied
by the inverter.
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Figure 11: Irradiance, Active power, Reactive power, and Total power with respect to Time

Figure 12 illustrates the magnified view of actual current
and reference current per phase. It shows that the actual
current is tracked within the hysteresis band. The
hysteresis band is taken 10 percentage of reference
current. In the figure 13, when current is tracked voltage
is sinusoidal. There are two limits in above graph; this is
due to tracking of current within hysteresis band. Figure
14 and 15 shows the inverter current and voltage plot with
respect to the time respectively. From the figure 16 it is
observed that Iy current is being tracked according to the
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changing value of irradiance and from figure 17 I current
is found to be high when Id current is low and vice versa.

5 Discussion and Conclusion

Generally solar inverter is only used at daytime to
generate the active power for the resistive load. For the
inductive load separate reactive power compensator like
STATCOM, capacitor is to be installed in interconnected
system. To replace these compensators, we used inverter
as VAR generator.
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Figure 13: Magnified View of Inverter Voltage

Figure 12: Magnified View of Current showing Hysteresis

Band
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Figure 15: Inverter Voltage per phase with respect to Time

Figure 14: Inverter Current with respect to Time

Figure 17: Iq Current for Reference Current

Figure 16: Ia Current for Reference Current

value (200W/m?), inverter supplies only reactive power

We used DQ model theory to apply our idea in this project.

even in the daytime. Similarly, during nighttime it only
operates as reactive power generator at full capacity. By
doing this on one side, we can make full use of inverter in
the nighttime and in the daytime without sun. On the other

side,

During daytime, MPPT tracks the maximum power for the

available irradiance and temperature to supply active

power

By keeping the inverter capacity constant remaining
power is used to supply reactive power using inverter as

the required reactive power needed in the

interconnected system is supplied without any extra cost
of installation of capacitor. This system is most

STATCOM. If the irradiance is below certain threshold

418



economical in sector of high load factor and constant
reactive power consumer.
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