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Abstract:

Conventional grids are being replaced by smart grids nowadays to improve the transmission efficiency and to incorporate
the recent power electronics based compensation devices. The proposed system deals with the voltage compensation
using BIST, battery and PV cell for smart grid applications, which has three stages high voltage high frequency bidirectional
AC/DC rectifier, bidirectional DC/DC dual active bridge converter and bidirectional DC/AC inverter. This paper mainly
focuses on the voltage balancing of DC link which lies between DC/DC converter and DC/AC inverter by connecting two DC
sources viz. PV and battery across the capacitor. In order to maintain a constant voltage across the DC link, a droop control
with droop curve is proposed for battery and BIST. With this power management system, typical case studies have been
analyzed using MATLAB simulation and it was verified with the prototype hardware.
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1. Introduction

With the rapid growing of the power electronic technology,
solar based grid connected system is possible without any
interruption of power dispatch. Moreover these devices
can also be acted as the compensating device to reduce
the voltage sag and swell. BIST is used to interface the DC
micro grid with the high voltage AC grid and low voltage
loads. The droop control technique for BIST, Battery and
PV are used with their respective power ratings. The
system can automatically change its control algorithm
based on the SOC of battery and DC link voltage. Full
bridged DC-AC converter is used making use of hybrid
switches! to attain the desired voltage.

Intelligent semiconductor transformer? was not suitable
for DC distribution and micro grid3. SST* with bidirectional
power flow without any control® over power factor was
discussed. In SST® can compensate voltage sag and swell but
it has bulky transformers for isolation’. BIST® with complex

*Author for correspondence

control for voltage balancing® was used. A Photovoltaic (PV)
system used as a major role and set to grow fast among all
potential solar power generation systems. In grid connected
PV energy systems!? PV inverter!! is a key element. So the
main objectives of this paper are:

e To provide uninterrupted power to consumer.

e Better utilization of generated power.

o To provide better power quality.

e To improve efficiency of transmission system.

e To eliminate voltage sag and swell.

e To provide power factor correction.

e To have an efficient power management, this in turn
depends upon demand response.

2. DC Micro Grid Enabled by BIST

The Distributed Generation (DG) system shown in
Figure 1 consist of the AC grid and DC grid in addition
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Figure 1. BIST enabled DC micro grid.

to renewable generation sources such as solar and
battery energy storage systems. The BIST performs the
process of converting high voltage high power AC into
a low voltage and nominal frequency AC through an
intelligent solid-state transformer. PV and battery are
used to construct DC micro grid as shown in Figure
2. DC link is connected to BIST DC output terminal.
BIST can be used as an interface between low voltage AC
and DC system. PV and battery are also interconnected
through the DC link. The current harmonics reduction
using Hysteresis Current Controller (HCC) is described
and discussed!2.
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Figure 2. Single line diagram of the proposed system.
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Battery with super capacitor based hybrid energy
storage system is used for power management that
depends upon demand response. This micro grid supplies
both the load and AC source. The process of converting
high voltage nominal frequency into a low voltage
nominal frequency is done using BIST which has three
intermediate stages. The first intermediate stage is an
AC-DC rectifier with high voltage AC input and high
voltage DC output. The second intermediate stage isa DC/
DC converter with a high frequency transformer. Then
the converter DC voltage is converted into AC source for
the end user through the DC-AC inverter.

3. Proposed BIST with System
Power Management using
PV Cell and Battery

In the proposed BIST system, 3.3 KV input voltage is
divided into three 1.9 KV voltage through three converters
which are connected in series to form the total voltage
of 3.3 KV. This input is given to the high voltage side of
bidirectional AC-DC converter through high frequency
transformer. This output is given to the bidirectional
DC-DC converter to convert the voltage into 400 V.
Then bidirectional full bridged DC-AC converter is used
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to get the 400 V AC output. The output of solar cell and
battery are connected to the secondary side DC link
of 400 V. Because of the changes in irradiation, the PV
output power will also change. So the information given
to the micro grid system is very complicated. Due to
the changes in the load, the grid faces many problems.
Therefore in order to supply sustainable, reliable and
quality power the system power management should
deals these conditions. According to that, whenever the
system has more power the Dc bus voltage will increase
and when the system requires more power the voltage
will decrease. So the droop control is used for BIST and
battery which is explained through Figure 3. But this DC
voltage variation should lie within certain range of 360 V
to 400 V by regulating through BIST and battery. While
executing this droop control, it is very important to check
that the voltage should not exceed too high and too low
voltage. So the constant bus voltage control technique is
also implemented along with droop control method. This
method was explained earlier in detail. In this paper the
voltage limit is taken as 380 V.
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Figure 3. Control loop for rectifier.

4. Control Algorithm

4.1 SST Control

The output from the BIST is in the range of (360-400)
V. The control logic for BIST is given in Figure 4. The
single phase d-q decoupled control scheme is used for
rectifier. The high voltage DC bus is controlled by dual
loop controller that controls inner current loop and outer
voltage control loop. The DC-DC converter in BIST uses
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the phase shift control to transfer power between high
voltage DC side and low voltage DC side:

VSST—dc = VSST?dc max ~ RSST ISST.

Vst dc is the reference point of low DC voltage side
and is equal to 380 V. Rggy is the slope value and Iggy is the
output current. The control loop for DAB (Dual Active
Bridge) is given in Figure 5.
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Figure 5. Control loop for DAB stage.

4.2 Battery Control

The battery control algorithm is explained in Figure 6.
The battery droop control equation is:

V= Vi max = Rp I,

Where Vy, is the output reference voltage for battery,
Vi, max 18 the no load output voltage and is equal to 380 V.

Indian Journal of Science and Technology | 3 -



Voltage Compensation of Smart Grid using Bidirectional Intelligent Semiconductor Transformer and PV Cell

Rb Sb = RSST SSST.

Sy is the power rating of battery.

Sssr is the power rating of SST. The control loop for
inverter is given in Figure 7 which uses pulse width
modulation technique.
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Figure 6. Control loop for battery.
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Figure 7. Control loop for inverter.

5. Case Study

The four modes of operation are explained with Figures
8-11. The outputs of the following case studies were
analyzed using MATLAB simulation as shown in
Figure 12. In the load side three different rating loads
are connected. Load 1 consumes low voltage when
compared to the PV output voltage. Load-1 (0-1 sec)
and load-2 (0.3-0.5sec) together will consume supply
from PV and battery. According to that, ratings of the
loads are selected. And if we add load-3 (0.4-0.7 sec) to
the system, PV and battery are not sufficient to supply
the load. Hence we need the supply from the AC grid
to satisfy the load and to charge the battery. With these
arrangements the following cases are analyzed using the
hardware prototype.
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Load-1 is in ON condition throughout the simulation
time of 1 second. From 0-0.2 sec the battery is in
charging mode and gets charge from the PV cell till
SOC reaches 80%. During this starting period the load
doesn’t get any supply from PV cell. Once the battery’s
SOC reaches 80%, it doesn’t get charge from PV cell. So
the output voltage from the PV cell starts increasing,
thus the DC bus voltage also increases to 400 V. During
the period 0.2-0.3 sec there is no change in load and
solar irradiation. Therefore the DC bus voltage remains
the same. The load voltage also remains the same. At the
same time the battery is in idle mode and the load is
supplied only by PV cell.

Case 2: (0.3-0.4 sec)

Load-2 is turned ON at the time of 0.3 sec and it will exist
in the system till 0.5 sec.

From 0.3 sec to 0.4 sec, because of the increased load
the DC bus voltage may decrease beyond 380 V. But this
decrease in voltage will be compensated by the battery
through the discharging mode. At the same time the
SOC level should also be maintained at 80%. So the total
load (Load-1 +Load-2) is supplied by PV cell and battery.
Finally the DC bus voltage is again maintained as a
constant of 380 V. The voltage across the load is increased,
so the remaining voltage at the low voltage side of BIST is
lowered when compared to case 1.

Case 3: (0.4-0.5 sec)

Time period is 0.4sec—0.5 sec. During this period, Load-3
is added to the circuit in order to make the DC source
(PV cell and battery) unable to supply the load. If BIST
is not introduced then the load voltage will automatically
drop because of the insufficient DC source. But due to the
introduction of BIST this situation won’t occur. When the
load is increased beyond the DC source limit the AC grid
comes into picture through the BIST to compensate the
reduction in output voltage. At the same time the battery
also gets charge from the BIST.

Case 4: (0.5-0.7 sec)

Load-2 is removed in this case. Load-1 and Load-2 are
connected to the circuit. Even though Load-2 is out of
circuit to make the output from the load still lower, the
irradiation of the PV cell is decreased during 0.5-1 sec.
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Figure 8. HV AC side to LV AC side and battery charging.
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Figure 9. Solar to LV AC side and battery charging.
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Figure 10. Solar with battery charging to LV AC side.
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Figure 11.  Solar and battery charging to both HV AC side and LV AC side.
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This lowering in voltage is again compensated through
the BIST as in case 4.

Case 5: (0.7-1 sec)

Load-3 is also removed at 0.7 sec. Only Load-1 is
connected that too it consumes low voltage. The output
from the PV cell alone is enough to supply the required
load if the irradiation is good. But we are simulating
PV cell for low irradiation which cannot supply even a
small load. Again in this case also the required output
is supplied by the BIST. And the battery is also getting
charge from the BIST. During this mode if the PV
irradiation is normal, load demand will be very low
and there exists a surplus power at DC micro grids.
The excessive power is transferred to the high voltage
conventional AC grid through the semiconductor
transformer. During this mode the SST act as a step up

transformer.

6. Conclusion

The system power management control is explained in
this paper for DC micro grid, which consists of battery
and PV cell. BIST is used to interface the DC micro grid
with the high voltage AC grid and low voltage loads. The
droop control technique for BIST, battery and PV are
also explained with their respective power ratings. The
system can automatically change its control algorithm
based on the SOC of battery and DC link voltage. With
the proposed system uninterruptable power at consumer
end is possible at low size and cost. The power losses are
also reduced thus increasing the system efficiency.
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