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Abstract
The increasing penetration of solar photovoltaic (PV) systems in the power
grid is creating new challenges for the protection of transmission lines. Line
differential relays are one of the most commonly used protection systems for
transmission lines, and their performance can be significantly affected by the
integration of solar PV systems. This research paper presents a detailed
analysis of the behavior of line differential protective relaying in the presence
of solar PV systems. The paper investigates the impact of solar PV integration
on the performance of line differential relays and proposes strategies to

improve their performance.
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INTRODUCTION

The increasing use of solar photovoltaic
(PV) systems in the power grid has created
new challenges for the protection of
transmission lines. Line differential relays
are one of the most commonly used
protection systems for transmission lines,

and their performance can be significantly

affected by the integration of solar PV
systems. This paper presents a detailed
analysis of the behavior of line differential
protective relaying in the presence of solar
PV systems.

The integration of solar PV systems in the

power grid has several benefits, such as
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reducing greenhouse gas emissions and
enhancing the resilience of the power grid.
However, the integration of these systems
also presents several challenges for the
protection of transmission lines. Solar PV
systems inject power into the grid, which
can cause changes in the power flow on
transmission lines. As a result, the current
at the sending and receiving ends of the
line may not be unbalanced during a fault,
and the differential relay may not detect
the fault. Moreover, the integration of
solar PV systems can cause Vvoltage
fluctuations on transmission lines, which
can cause the differential relay to operate
even when there is no fault on the line,

resulting in a false trip.

The importance of the protection of
transmission lines cannot be overstated.
Transmission lines are responsible for
delivering large amounts of electricity
across long distances, and any interruption
in their operation can lead to significant
economic and social consequences. Thus,
ensuring the effective protection of
transmission lines is critical for the reliable

and efficient operation of the power grid.

In this paper, we aim to provide a detailed
analysis of the behavior of line differential
relays in the presence of solar PV systems.
We investigate the impact of solar PV

integration on the performance of line
differential relays and propose strategies to
improve their performance. The results of
this analysis will be useful for power
system engineers and researchers who are
working on the protection of transmission

lines in the presence of solar PV systems.

IMPACT OF SOLAR PV
INTEGRATION ON LINE
DIFFERENTIAL RELAYING

The integration of solar photovoltaic (PV)
systems in the power grid can significantly
impact the performance of line differential
relays, which are one of the most
commonly used protection systems for
transmission lines. One of the most
significant impacts of solar PV integration
on line differential relaying is the change

in power flow on transmission lines.

Solar PV systems generate power that is
injected into the grid, which can cause
changes in the power flow on transmission
lines. As a result, the current at the sending
and receiving ends of the line may not be
unbalanced during a fault, and the
differential relay may not detect the fault.
This is because the current that flows
through the solar PV system during normal
operation is not monitored by the
differential relay. However, during a fault,
the current flowing through the solar PV
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system can change, leading to unbalanced
currents at the sending and receiving ends

of the line.

Another impact of solar PV integration on
line differential relaying is voltage
fluctuations on transmission lines. Solar
PV systems are often connected to the grid
through power electronics, which can
cause voltage fluctuations on transmission
lines. These voltage fluctuations can cause
the differential relay to operate even when
there is no fault on the line, resulting in a
false trip. False trips can lead to
unnecessary power interruptions and affect

the reliability of the power grid.

The impact of solar PV integration on line
differential relaying can be further
complicated by the presence of other
distributed energy resources (DERS), such
as wind turbines and battery storage
systems. The integration of multiple DERs
can cause complex power flows on
transmission lines, making it challenging

to detect faults accurately.

Overall, the integration of solar PV
systems in the power grid can significantly
affect the performance of line differential
relays, making it important to evaluate
their performance in the presence of solar

PV systems and other DERs. Furthermore,

it is essential to develop new protection
schemes that can detect faults accurately
and prevent false trips in the presence of
solar PV systems and other DERs,
ensuring the reliable and efficient

operation of the power grid.

STRATEGIES TO IMPROVE THE
PERFORMANCE OF LINE
DIFFERENTIAL RELAYS WITH
SOLAR PV INTEGRATION

Advanced Protection Schemes: The
performance of traditional line differential
relays can be improved by using advanced
protection schemes that can accurately
detect faults in the presence of solar PV
systems. One such scheme is the positive-
sequence differential protection scheme,
which can detect unbalanced currents due
to solar PV injection during normal

operation and accurately detect faults.

Adaptive Settings: The settings of line
differential relays can be adjusted based on
the operating conditions of the power grid,
such as solar PV penetration. Adaptive
settings can improve the performance of
line differential relays in the presence of
solar PV systems and prevent false trips.

Coordination  with  Other  Protection
Systems: The coordination of line
differential relays with other protection
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systems, such as over current relays and
distance relays, can improve the
performance of line differential relays in
the presence of solar PV systems.
Coordination ensures that the differential
relay operates only when necessary and
prevents false trips.

Communication-Based Protection:
Communication-based protection schemes
can improve the performance of line
differential relays by allowing the relay to
communicate with other devices in the
power grid, such as solar PV inverters.
Communication-based protection schemes
can provide real-time data on power flow
and voltage, improving the accuracy of

fault detection.

Redundancy: Redundancy can improve
the reliability of line differential relays in
the presence of solar PV systems. Multiple
differential relays can be installed on a
single transmission line, ensuring that
faults are detected even if one relay fails or

malfunctions.

Testing and Validation: Testing and
validation of line differential relays in the
presence of solar PV systems are essential
to ensure their proper functioning. Testing
and validation can identify any issues or

problems with the differential relay and

allow for the development of mitigation

strategies.

CONCLUSION

The integration of solar PV systems in the
power grid presents new challenges for the
protection of transmission lines. Line
differential relays, which are one of the
most commonly used protection systems
for transmission lines, can be significantly
affected by the integration of solar PV
systems. To improve the performance of
line differential relays with solar PV
integration, advanced algorithms and
synchrophasor technology can be used.
These measures can detect faults
accurately and prevent false trips, ensuring
the reliability of the power grid. As the
penetration of solar PV systems in the
power grid continues to increase, it is
essential to address these challenges and
ensure the effective protection of

transmission lines.
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