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Abstract: In this paper, the constraints of a grid connection are presented along with some
of the solutions to the problems as proposed by various researchers. Non-renewable energy
sources are getting exhausted day by day. There is a need for alternative sources of energy.
In this paper, various constraints in the incorporation of grid-connected renewable energy
sources and the required solution are discussed. The concept of net metering and associated

challenges are presented in this paper.
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1. Introduction

Renewable energy (RE) is the energy that can be
used again and again. With the increase in the
demand of energy, the prime concern today is the
availability of the source of energy, which is
reliable.  Conventional energy sources are
nonrenewable and will be completely exhausted
someday. Therefore the need for utilization of
renewable energy is felt. About 80% of the world’s
total energy depends on fossil fuels. Use of fossil
fuel is expected to rise by 1.5% annually by 2030
leading to 2.2% CO, emission [1]. However, fossil
fuels are going to deplete soon [2,3]. Renewable
energy contributes to energy system de-
carbonization, security of energy in the long run,
and expansion of energy to new energy consumer
[4]. RES contributes 14% of the world’s total
energy demand [5]. RE can be used as an
alternative energy source. It is primary, domestic
and clean energy source [6,7]. By 2100, the
contribution of energy by RES is expected to
increase to 30%-80% [8]. Proper energy harnessing
techniques are to be developed to achieve more
energy from Renewable Energy Sources (RES).
RES can be followed by net metering to achieve
the process of utilization of electricity in a more
economic manner. Energy generated from RES can
be used to meet the household electricity demand
for that duration of time or period when RES are
available to produce energy. For the remaining
period when RES cannot be used, electricity can be
drawn from the grid. Electricity pays to the
consumers, who feedback the surplus electricity
produced from RES back to the grid. This process
not only reduces electricity bills but also saves
electricity that can be used some other consumer in
need.

2. Grid  Connected
Energy Sources

Renewable

A) Optimal Power Flow

Electricity generated from renewable sources may
be needed to be transported over some distances, as
they are not location specific. They lack the
flexibility needed in balancing supply and demand.
RES cannot be considered as an isolated node of
energy network as it requires coordinated efforts
from planning stage to power generation,
distribution, storage and consumption [17]. Various
constraints have to be solved in order to achieve
optimal power flow between grid and RES.

B) Constraints in incorporation of RES

Factors that affect the integration of RES in the

grid are [17,29,30]:

e  Stability and Timing,

Voltage imbalance,

Effect of reactive power regulation,

Flicker effect,

Harmonic and inter harmonic voltages and

currents,

Voltage fluctuations in the point of common

coupling,

Need for power factor improvement,

Intermittency, storage and capacity factor,

Infrastructure for RES and suitable location,

It requires a large amount of conventional

backup,

e It requires huge energy storage to compensate
for the natural variation in the power
generated.

The role of government in uplifting RES
through energy policies and supporting policies for
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deploying renewable energy on a large scale is
observed [17]. Direct policies promote renewable
energy, indirect policies influence incentives and
barriers for renewable energy [31].

3. Solutions to the Problems of Grid
Connection

Synchronization can be defined as minimization of
aby variance in voltage, phase angle and frequency
between the RES generator and grid supply.

Grid synchronization methods are as
follows [35-48]:
(i)  Zero crossing detection
(i)  Kaman filter
(iii)  Discrete Fourier Transform
(iv)  Nonlinear least square
(v)  Adaptive Notch Filter
(vi) Artificial Intelligence
(vii) Delayed Signal Cancellation
(viii) Phase Locked Loop
(ix)  Frequency Locked Loop

Some of the recommendations to achieve

synchronization are [22]:

e Development of an efficient method for
variation in phase angle and frequency with
fair dynamic performance during voltage
depression and harmonic variation.

e A synchronization scheme based on the
estimation of grid voltage and frequency
should be given more attention.

e A robust method with advanced features for
efficiently injecting power into the power grid
with low total harmonic distortion of current is
needed.

e A method to achieve uninterrupted operation
of the RES in abnormal utility voltage
conditions is to be developed.

The active power quality can be improved
by optimal usage of renewable sources and
avoiding the usage of battery by replacing it with a
solar energy unit. Dynamic active power filter fed
by solar energy unit gives power to the load during
power fluctuation from the grid side [20].

Maximum power point tracking is a
technique used to improve the photovoltaic system
efficiency [21]. MPPT are power electronic DC-
DC converters [5,27] that enable the solar panels to
operate with current voltage parameters that will
always produce highest output power from the PV
system to the load irrespective of external
conditions [26,28].

Solar trackers are mechanical rotors that
guide PV panels in such a way that the panels are

constantly positioned at an angle that allows them
to receive the most sunlight [4].

Transformer-less inverters are of small
size and have light weight, more efficient and
simple. By removing the transformer, efficiency of
96%-98% can be obtained. The drawback is ground
currents are introduced here, and research can be
done to obtain ways to remove ground currents [4].

Inverters must be designed in such a way
that they operate at power factor equal to one,
hence reducing the reactive power supplied to the
grid. Inverters must also keep total harmonic
distortion of the current supplied by grid-connected
PVs to a minimum value. Algorithms for optimal
power flow control in grid-connected PVs are:

e Feedback linearization control
e Phase lock loop control

e Extended direct power control
e  Power factor control

A stable frequency is required for
operation of grid-connected PVs and an inverter is
needed to disconnect from the grid when its
frequency becomes unstable. To restore nominal
frequency real power must be provided to the grid
as soon as possible. Frequency is constant when
active power is equal to load demand at any given
time. Shortage of active and reactive power must
be compensated at least until energy supply and
demands are balanced [16].

Fluctuation control in the output of
wind and solar energy is provided by batteries.
Batteries provide energy to the load during low
power generation and store energy during excess
power generation, and thus smoothen out the
output of an irregular generation source. Some of
the common battery technologies used are:

e Lead-acid technology

e Nickel Iron, redox flow and sodium Sulphur
batteries

e Lithium-ion technology [19]

Lithium-ion batteries have the highest
energy density and are costly. Work can be done to
optimize the energy density of batteries and make
them cost-effective. Lithium-ion batteries have
high cell voltage, no memory effort, low cell
discharge rate and flat discharge characteristics
[32].

Conventional real-time optimal power
flow method and day ahead optimal power flow
method neglects the impact of variability. There are
some modified methods that propose an evaluation
of best fitting participation factors by considering
minute-to-minute variability of solar and wind load
for real time-optimal power flow and every 15-
minute variation of the load for day-ahead optimal
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power flow for the scheduling time period.
Voltage, reactive power and line flow constraints
are included for all the intervals in both real-time
optimal power flow and day ahead optimal power
flow and voltage stability index is calculated.

4. Net Metering

Net metering uses a bi-directional meter that
records the amount of electricity drawn from the
grid or supplied to the grid. The electricity provider
pays the consumer for supplying back the
additional amount of electricity produced back to
the grid. The consumers have to pay only for the
amount of electricity taken from the grid in case the
electricity from RES is not sufficient to meet the
demand.

Buildings lead to the emission of CO,
.Reduction of excessive use of energy and emission
of greenhouse gases is needed. Installation of
meters and sensors, for monitoring the use of
energy and indoor environmental conditions, is
needed. In the case of metering equipment, lots of
work is done to enhance it. Many solutions are
available which makes it difficult to select the best
one.  Accuracy, ease of  development,
communication protocol, granularity, cost and
availability are some of the factors that affect the
selection of sensing and metering solutions. Both
wired and wireless technologies are used for data
transmission in net metering. Wireless technologies
are cheaper and wired technologies are more
secured. Widely used communication and network
technologies for net metering are Zigbee, power
line carrier, Modbus, GPRS, GSM, Wi-Fi, M Bus,
BACnet, Ethernet etc. Future challenges in this

area being interoperability, lack of ICT
infrastructure, cost, MEMS sensor Technology
[23].

Test of the feasibility of net metering is
very important. Simple net metering cannot serve
diverse consumers. More scalable, feasible and
economically acceptable net metering approaches
serve the purpose [24]. Net metering is in its
budding stage in India. Cities like Delhi,
Bengaluru, Kolkata has drafted their initial net
metering policy [25,9]. However, there is a need
for change in energy policies to realize the benefits
of the smart grid in its full potential [10]. Now-a-
days, 110 KW standalone rooftop solar PV system
with uninterrupted power supply covering a
building is available, which provides total output to
the grid of 1927.7 kW hour, an annual yield of
931.6 kW hour and an average output of 160.64
kKW hour per month [11].

Solar PV systems on bright rooftops with
75 Wp solar modules are capable of generating

about 1000 MW of electricity through
standalone PV systems. With solar modules of high
capacity (210 Wp), electricity generation can be
greater than 1500 MW [15].
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5. Conclusion

It is observed that with the high increase in demand
for energy the possibility of scarcity of energy in
the future is increasing. Renewable energy sources
can be cited as one of the solutions to meet the
energy demand of diverse consumers. At present,
the contribution of renewable energy sources as
compared to the conventional energy sources is
less. However, energy-harnessing methods from
these sources are yet to be developed and are
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needed to be improved to a great extent. Production
of energy from renewable energy sources, by
maintaining optimal power flow is to be achieved.
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