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Abstract—This paper presents design of a sustainable solar Photo voltaic system for an Indian
cities based residential/community house, integrated with grid, supporting it as supplementary
sources, to meet energy demand of domestic loads. The role of renewable energy sources in
Distributed Generation (DG) is increasingly being recognized as a supplement and an
alternative to large conventional central power supply. Though centralized economic system
that solely depends on cities is hampered due to energy deficiency, the use of solar energy in
cities is never been tried widely due to technical inconvenience and high installation cost. To
mitigate these problems, this paper proposes an optimized design of grid-tied PV system
without storage which is suitable for Indian origin as it requires less installallation cost and
supplies residential loads when the grid power is unavailable. The energy requirement is
mainly fulfilled from PV energy module for critical load of a city located residential house and
supplemented by grid/DG for base and peak load. The system has been developed for
maximum daily household demand of 50kW, and can be scaled to any higher value as per
requirement of individual/community building ranging from 50kW, to 60kW, as per the
requirement. A simplified control system model has been developed to optimize and control
flow of power from these sources. The simulation work, using MATLAB Simulink software
for proposed energy management, has resulted in an optimal yield leading efficient power flow
control of proposed system.

Keywords— Solar PV grid tied ,off-grid system, DC voltage rejection, MPPT control, Critical
Load.

LINTRODUCTION

Green energy, also called regeneration energy, has gained much attention now a days. Green
energy such as solar energy, water power, wind power, biomass energy, terrestrial heat, tidal
energy, etc, can be recycled. Among them, Photovoltaic (PV) solar energy is the most
powerful resource that can be used to generate power. PV systems as standalone devices are
now the lowest cost option for satisfying most of the basic electrical energy needs of the areas
not served by distributed electricity, particularly in the developing countries located in the
tropics, where the amount of sunshine is generally high. An autonomous PV power system
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with battery back-up had been proposed earlier, to provide electrical power in the areas where
grid is either not available or a new installation/grid extension is yet to be done [1-3]. But this
system is not viable for houses located in city/town areas due to the heavy demand of load
energy consumption, resulting in a steep rise in the cost of the PV power system. Hence
hybridization of PV power systems were thought and developed by many authors, as reported,
in the past leading to a cost effective system[4-6], but in most of the systems, the
sustainability feature of power supply from PV sources were not considered.

Renewable energy is abundantly found anywhere, free of cost and has non-polluting
characteristics. However, these energy sources are based on the weather condition and possess
inherited intermittent nature, which hinders stable power supply. Combining multiple
renewable energy resources can be a possible solution to overcome defects, which not only
provides reliable power but also leads to reduction in required storage capacity. Although an
oversized hybrid system satisfies the load demand, it can be unnecessarily expensive. An
undersized hybrid system is economical, but may not be able to meet the load demand. The
optimal sizing of the renewable energy power system depends on the mathematical model of
system components. This becomes very complex since there is a need to separate manipulate
variables and non-manipulate variables. Finding right manipulated variable to control the
output of converter is a bit complex task. Hence in this paper a simplified technique using
only PV has proposed to meet energy.

PV systems are broadly classified as standalone and grid connected systems. Standalone
systems are popular in remote areas where electricity is not viable. The reliability of such
systems is improved by usage of storage batteries [4]. Grid connected systems allows to
reduce our consumption from grid and in some instances, to feed surplus energy back to grid,
which may give credit for energy returned. The improvement of power electronics has a
positive impact on the grid connected PV systems [7-8]

The Photovoltaic inverters without the isolation transformer become more attractive due to
higher efficiency and lower weight and other advantages. However, it may have dc offset
current while injecting generated AC to the grid which is critical to the power system. In this
paper, a simplified control strategy of suppressing dc current injection to the grid connected
for PV inverters is analyzed using MATLAB simulink software. It is based on the idea of
accurately sensing the dc offset voltage of PV inverter output which is fed to grid. Since dc
component of the inverter output can be eliminated, dc injection to the grid can be effectively
suppressed. To show the effectiveness of the proposed method FFT analysis has been
implemented to the proposed method. The PV farm is connected to the DC bus through a DC-
DC boost converter with Maximum Power Point Tracking (MPPT) functionality.

In this paper, the power flow management of Solar PV, Grid and Critical load using a novel
control strategy to suppress dc current injection of transformerless PV inverters to the grid is
investigated. This paper is organized as follows: Section II describes the grid tied PV Inverter;
Section III describes the novel control strategy with dc suppression loop; Section IV analyzes
the disturbance suppressing effect under the dc suppression loop. Section V provides
experimental results to verify the theoretical analysis, and the conclusion is given in Section
VL
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I1. PROPOSED GRID TIED PV SYSTEM

A grid-tied PV system without storage to power up on-site electrical loads; serves energy to
the grid when the system output is greater than the on-site demand and supplies to critical load
as well when the grid power is unavailable or nominal.

A. Proposed System Configuration Fig 3 illustrates, the proposed system will consist of PV
arrays, a step-up de—dc converter, a grid-tied inverter using a controlled AC transfer switch.
PV arrays convert solar energy into electric energy. Step-up dc—dc converter boosts the array
voltage to a higher level; the grid-tied inverter inverts the DC power reduced by the PV array
into AC power aligned with the voltage and power quality requirements of the utility grid and
the transfer switch changes supply source and also selects serving loads according to
availability.

| PV ARRAY |—>| DC/DC CONVERTER |
I

| DC/AC INVERTER |
[
GRID ™) TRANSFER || CRITIC
REGULAR SWITCH AL

Fig.1 Block Diagram of Grid Tied Solar Inverter

In normal condition, the system power up on-site electrical loads and serve energy to the grid
if the system output is greater than the on-site demand. Net metering would allow the
homeowner to sell energy back to government. But when the utility grid power is not
available or when the utility voltage level or frequency goes beyond accepted limits, the
system automatically disconnects the grid through an anti-islanding scheme. In this condition,
existing battery less grid-tied PV systems do not serve the residential loads also.

But in our proposed design it will supply residential loads during the grid failure or blackout
for load shedding by an automatic AC transfer switch. This feature is indispensible
considering the grid load shedding condition.

B. Grid-Tied Inverter (GTI)

The major component of Grid-tied PV system is the GTI which along with regulating the
voltage and current received from solar panels ensures that the power supply is in phase with
the grid power. On AC side, it keeps the sinusoidal output synchronized to the grid frequency
(nominally 50Hz). The voltage of the inverter output needs to be variable and a touch higher
than the grid voltage to enable current to supply the loads in the house or even supplies excess
power to the utility. Fig.2 depicts a simplified schematic diagram which illustrate the
operation principle of a grid-tied inverter with three power stages.
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Fig. 2 Schematic Diagram of A Grid-Tied Inverter

At the first stage, the DC input voltage is stepped up by the boost converter by a combination
of inductor L1, MOSFET QIl, diode D1 and capacitor C2. The inverter has to provide a
galvanic isolation between input and the output. With a step-up transformer T1, the first stage
(boost converter) may be omitted. In this example, a high frequency transformer is used to
provide isolation in the second conversion stage. The stage is basically a pulse-width
modulator DC-DC converter. The voltage must be higher than the peak of the utility AC
voltage. For example, 220 VAC service, the DC link should be greater than 220%\2=312 V.
On the third conversion stage, DC is converted into AC by a full bridge converter consisting
of IGBT Q6-Q9 and LC-filter L3, C4. Output LC-filter reduces high frequency harmonics to
produce a sine-wave voltage.

As GTI need to comply with utility electrical standards, the output power has to be clean,
undistorted and in phase with the AC grid. Typical modern GTI have a fixed unity power
factor which means its output voltage and current are perfectly lined up and its phase angle is
within 1 degree of the AC power grid. The GTI has an on board computer which will sense
the current AC grid waveform and output a voltage to correspond with the grid. Besides, when
the grid is down, the GTI will provide AC output synchronized with own pre-defined
references.
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C. Control Scheme
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Fig. 3 Schematic Control for Grid-Tied PV System

Fig. 3 demonstrates the control scheme of system. The three parts have been described as PV
converter control: Power output of a PV array depends on the voltage level where it operates
under a given condition of irradiance and cell-surface temperature. For efficient operation, a
PV array should operate near at the peak point of the /' —P curve. Various Maximum Power
Point Tracking (MPPT) techniques have been proposed in [7] and [8]. The MPPT block in
Fig. 3 senses the PV array current Ipy and array voltage Vpy and returns the array voltage
command. The PV converter regulates the array voltage Vpy at the reference voltage va*
commanded by the MPPT controller and boosts it to the level of required dc voltage. Error
between the ordered and real voltage is processed through the voltage controller into the
ordered current Ipv* which is compared with the array current Ipy.

1. GTI control

Basic concept of GTI control is to obtain the maximum power from varying insolation and
minimize the rating of the inverter by regulating reactive power generation at zero. Below
rated insolation, real power from the PV system is regulated to capture the maximum energy
from varying insolation to supply either on-site electrical loads, or to supply power to the grid
when the PV system output is greater than the on-site load demand in a way that the inverter’s
power supply is synchronized with the grid power.
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In addition, when the grid fails or goes through blackout for load shedding, the inverter stops
output initially, then the transfer switch shifts to inverter only position and finally the inverter
starts to give output synchronized to serve the critical on-site loads with own pre-defined
references until the grid is back.

2. Anti-islanding control

The condition where a GTI continues to electrify the grid during an outage is called islanding.
According to the technical requirements in IEEE 1547, to prevent this situation, inverter will
monitor the voltage and frequency of the grid. If either of voltage and frequency falls outside
set parameters, the inverter will shut down. In addition to this passive scheme a more
sophisticated active detection scheme is necessary to decrease the non-detection zone. So the
inverter will employ a variety of methods to effectively push and pull slightly on the grid
voltage and frequency. When the grid is present, this little push-and-pull has no effect.
However, if the inverter is the only source supporting an islanding grid, it will quickly push
the voltage and frequency outside the inverter’s acceptable window of operation, triggering

the inverter to shut down.
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Fig.4 Flow chart describing proposed approach

But the problem is that in Bangladesh, power crisis is so drastic that the grid shuts down its
feeders many a time in a day and existing battery less inverters will remain off until the grid is
back up and running again. In our design, we employed an automatic transfer switch so that
immediately after turning off its output transistors, the inverter will also use a transfer switch
to disconnect from the grid. Once disconnected, however, the inverter will reactivate the
output transistors to continue supplying electricity to loads wired into the critical load
subpanel which is isolated from the grid.

This way, when the grid goes down and the inverter is sending power only to the critical load
subpanel, PV power is prevented from energizing the utility lines. Fig. 6 presents the complete
flow chart of our proposed control scheme.
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A. Net Metering

In our scheme a customer can also enjoy the opportunity of net metering by selling the surplus
energy to the grid when the generation is more than required for onsite demand. Fig.5
illustrates the net metering.
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Fig.5 Net Metering Scheme

There will be two separate meters — one is the generation meter and another is the billing
meter. The customer will be charged from the data of the billing meter and the total kWh
consumption of the site will be the sum of the generation meter and the billing meter.

III. PROPOSED CONTROLLER

PV inverter output generally has dc offset voltage component, which results from disparity of
power modules, asymmetry of driving pulses, detection error of current, etc. Traditionally, a
transformer is inserted between the PV inverter and the grid. Although the PV inverter output
may have dc voltage component, there is no dc current injection to the grid. However, in the
case of the PV inverter without isolation transformer, the inverter output dc offset may cause a
significant dc current injection to the grid, which may violate the grid connection standards
and cannot be neglected [5].

In order to effectively restrain dc current injection to the grid, a control strategy for a Three-
phase PV inverter. The dc suppression loop is composed of a differential amplifier, a low-pass
filter, and a dc controller.

The input of dc suppression loop is u4p , which is a high frequency PWM waveform sampled
between the point A of inverter bridge-leg 1 and the point B of inverter bridge-leg 2. DC
offset voltage of u4p is accurately extracted by a differential amplifier and a low-pass filter.
Then, it is compared with inverter dc voltage reference Uy ref which is set to zero, and dc
offset voltage error is obtained. The error is regulated by the integral controller. Finally, the
output of dc controller AUy, which is also the output of dc suppression loop, is added to the
grid current reference irr of the grid current control loop.
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Fig.6 DC Suppression Controller

The novel control strategy has two significant features. The first is that the differential
amplifier is used to sample the dc offset voltage between the two bridge-leg middle points of
full bridge inverter. To accurately detect the dc offset voltage of the inverter switch-side
output voltage u4p a high-precision differential amplifier with low offset and high common-
mode rejection ratio is needed. The use of differential amplifier can not only reduce the cost,
but also avoid the zero-drift by using Hall-effect sensors. The second feature is that dc
suppression loop can suppress inverter output disturbances. Therefore, the dc current injected
to the grid can be effectively suppressed.
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Fig.7 PWM Pulse Generation From Reference Current
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IV. ANALYSIS OF DISTURBANCE SUPPRESSING EFFECT

The control block diagram of PV grid-connected inverter is shown in Fig. 6, where [.(z) is
current reference of the inverter, G. (z) is digital controller of current loop, and K¢ is the gain
from the output of current controller G, (z) to inverter switch-side voltage. Uais(s) represents
the disturbance caused by the turn-on and turn-off difference of the four switches, the
saturation voltage difference of the four switches, the gate drive signal delay difference of the
four switches, and so on. L is the output filter inductor. » is the equivalent resistance of output
filter inductor L. I, (s) is the grid current of the inverter. K1 is the feedback gain of current
loop. ADC is the analog-to-digital converter which converts the analog sampling value of I,
(s) to digital one. ZOH is zero-order holds which is connected in series between the output of
digital controller and KG.

V.SIMULATION RESULTS

The simulation of proposed controller which has been designed using MATLAB software is
shown in Fig.8.
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Fig.8 PV, Grid and Critical load connected system
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Fig.9 Simplified Controller for DC Suppression in AC Output

Fig.9 shows the design of proposed DC suppression controller using MATLAB. The output of PV
Inverter while fed to grid or AC load should be harmonic free and DC suppressed.
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Fig.10 Equivalent Circuit of Solar PV System.
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Fig.11 MPPT controller used to DC-DC control of Boost converter

Fig.12 and Fig. 13 are showing the Solar PV Inverter output whether to be connected to grid or
critical load based on the availability of Solar input above 30% of rated i.e. 12kW,,. If the grid power

is not equal to nominal then it should be changes over to critical load based on flow chart shown in
Fig.4.
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Fig.12 Control Signal Generation for Power Flow Between Solar, Grid and Critical Load
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Fig.14, Fig.15 and Fig.16 shows the results of power flows during the grid normal condition and
abnormal conditions. The power will flow to grid from solar inverter in case of grid normal
conditions. Otherwise if grid fails then availability of solar input above 12kW,.by checking above
condition power will be flow to critical load. Always there will be regular load connected at all
conditions.
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Fig.17 Voltage Across the Critical Load Fig.18 Current Through the Critical Load
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Fig.19 THD of Output Voltage of Proposed PV Inverter
CONCLUSION

In this paper a optimized scheme for power flow during the grid normal condition and abnormal
conditions of PV Inverter without battery shifts between a critical load and grid for 50kW,. The
power will flow to grid from solar inverter in case of grid normal conditions. If grid fails then
availability of solar input power above 30% of rated installation capacity i.e. 12kW,, then power will
flow to critical loads. Always there will be regular load connected at all conditions to grid. If grid
power is resumed automatically critical load will disconnect from solar PV System and connect to
grid. If grid fails and power available in solar PV system is less than 30% of rated installation
capacity i.e. 12kW,, the critical loads will also switched off. This project the control structure of
converter, inverter and anti-islanding scheme. The simulation of DC suppression controller has
designed using MATLAB software.

In this paper by using a simplified control strategy to eliminate dc current injection to the grid for
three-phase PV inverter without the isolation transformer has shown better outputs in terms of pure
sine wave and low THD i.e.2.73%. It is based on accurately sensing the dc offset voltage between

13



ICMAEM-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 225 (2017) 012245 doi:10.1088/1757-899X/225/1/012245

the two bridge-leg middle points of full-bridge inverter. The novel control strategy is inherently free
from offset measurement errors.

The simulation results show that the novel control strategy can effectively suppress dc injection
current of PV system under grid-connected normal and abnormal conditions.

The design and simulation of 50kW, grid-tied PV system without storage can supply critical loads of
12 kW), if utility grid is not available when sunlight is sufficient to generate power. The same model
can be implemented in real time installation. The proposed grid-tied system without storage can not
supply critical loads if utility grid is not available during night or on rainy day when sunlight is not
sufficient to generate power, therefore inter connecting wind mill to solar PV panels will solve the
problem up to certain extent provided sufficient wind velocity should present when sun light not
available. There is a possibility to supply critical loads if Grid fails during the period when solar
irradiance and wind velocity both are not available by connecting a generator. Renewable energy
sources like solar and wind are not available on demand, so no continuity of supply to critical loads.
A Hybrid System with advanced control logic will coordinate when power should be generated by
renewable energy and when power should be generated by other sources like diesel generators.
Moreover, our utilities should step forward to upgrade the existing girds in India in order to get full

advantage of grid-tied incentive tariff will promote and encourage grid-tied PV System.

REFERENCES

[1].
[2].

[3].

[4].

[5].

[6].
[7].

[8].

[9].

[10].

[11].

[12].

R.Gonzalez, E. Gubia, J. Lopez, and L.Marroyo, “Transformerless single phase multilevel-based
photovoltaic inverter,” IEEE Trans. Ind. Electron., vol. 55, no. 7, pp. 2694-2702, Jul. 2008.

T. Kerekes, R. Teodorescu, P. Rodriguez, G. Vazquez, and E. Aldabas, “A new high-efficiency
single-phase transformerless PV inverter topology,” IEEE Trans. Ind. Electron., vol. 58, no. 1, pp.
184-191, Jan. 2011.

H. Baeberlin, “Evolution of inverters for grid connected PV-Systems from 1989 to 2000,” in
Proc. 17th Eur. Photovoltaic Solar Energy Conf., Munich, Germany, pp. 426—430, Oct. 22-26,
2001.

J. M. Carrasco, L. G. Franquelo, J. T. Bialasiewicz, E. Galv'an, R. C. Portillo Guisado, M. A.
MParts, J. I. Le’on, and N.Moreno-Alfonso, “Power-electronic systems for the grid integration of
renewable energy sources: A survey,” IEEE Trans. Ind. Electron., vol. 53, no. 4, pp. 1002-1016,
Jun. 2006.

D. G. Infield, P. Onions, A. D. Simmons, and G. A. Smith, “Power quality from multiple grid-
connected single-phase inverters,” IEEE Trans. PowerDel., vol. 19, no. 4, pp. 1983-1989, Oct.
2004.

S. B. Kjaer, J. K. Pedersen, and F. Blaabjerg, “A review of single-phase grid-connected inverters
for photovoltaic modules,” /IEEE Trans. Ind. Appl., vol. 41, no. 5, pp. 1292-1306, Sep. 2005.

W. M. Blewitt, D. J. Atkinson, J. Kelly, and R. A. Lakin, “Approach to low-cost prevention of DC
injection in transformerless grid connected inverters,” /[ET Power Electron., vol. 3, no. 1, pp. 111—
119, Jan. 2010.

V. Salas, E. Ol'1as, M. Alonso, F. Chenlo, and A. Barrado, “DC current injection into the network
from PV grid inverters,” in Proc. IEEE Photovoltaic Energy Convers. Conf.,Waikoloa, HI, USA,
pp- 2371-2374, May 2006.

AS 4777.2, Grid connection of energy system via inverters. Part 2: Inverter requirements
Australia, pp.150-159, Dec., 2002.

“IEEE recommended practice for utility interface of photovoltaic (PV) systems,” IEEE Standard,
pp- 929-2000, Apr. 3, 2000.

R G83/1, “Recommendations for the connection of small-scale embedded generators (up to 16 A
per phase) in parallel with public low-voltage distribution networks,” Eng. Recommendation,
U.K.,pp.105-114, Sep., 2003.

R. Gonz'alez, J. L'opez, P. Sanchis, and L. Marroyo, “Transformerless inverter for single-phase
photovoltaic systems,” IEEE Trans. Power Electron., vol. 22, no. 2, pp. 693—697, Mar. 2007.

14



ICMAEM-2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 225 (2017) 012245 doi:10.1088/1757-899X/225/1/012245

[13]. N. Mohan, T. Undeland, andW. Robbins, Power Electronics: Converters, Applications and
Design. New York, NY, USA: Wiley,pp.173-186, Oct., 2002.

[14]. M. Armstrong, D. J. Atkinson, C. M. Johnson, and T. D. Abeyasekera, “Auto-calibrating DC link
current sensing technique for transformerless, grid connected, H-Bridge inverter systems,” /[EEE
Trans. Power Electron., vol. 21, no. 5, pp. 1385-1393, Sep. 2006.

ACKNOWLEDGMENT
Mr.Jayachandra Dama received B.Tech degree in Electrical and electronics
Engineering from Sri Venkateswara University, Tirupati in 2000. Currently PG Scholar
in IC& (EE) Department, NITTR, Chandigarh, India.
Research Publication on “Design & Analysis of Gried-Tied PV System Without
Batteries:In context to india” in International Conference on Recent Advances and Trends in
Electrical Engineering (RATEE).

University and ME degree in Electrical Engineering from Panjab University and Phd
gy degree in Electrical Engineering from Panjab University
ﬁ Currently Working as Associate Professor in Department of Electrical Engineering,
NITTR, Chandigarh.
Research interests include Digital Signal Processing, Soft Computing Techniques, Virtual
Instrumentation, Measurement  Instrumentation and Data Acquisition, Power System.

e Dr.Lini Mathew received BE degree in Electrical Engineering from Kerala

G.Srikanth received B.Tech degree in Electrical and Electronics Engineering from
JNTU, Hyderabad in 2008 and M.Tech degree in Electrical Power Engineering from
JNTU, Hyderabad in 2014. Currently working as a Assistant Professor(c) in Department
of Electrical Engineering, University college of Engineering, Osmania University,
Hyderabad, India.

Research Publication on “Suppression of Very Fast Transient Over Voltages in A 400kv
Gas Insulated Substation Using Ferrite Rings by EMTP Software" in “International Conference
on High Voltage Engineering & Technology”- ICHVET2015.

Research interests include power systems, GIS, Renewable Energy sources.

15



