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✓ Small-scale generation sites

✓ Connected to the distribution level

✓ PV parks, rooftop PV systems, wind farms…

✓ Increasing DER integration in the electrical 

power distribution systems.

✓ Promisor path toward sustainable 

development.

What are distributed energy resources (DERs)?
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Source: tr.made-in-china.com.

DIGITAL RELAY

Source: selinc.com.

Source: global.abb.

FUSE CIRC. BREAKER

The distribution protection system is old
and was not developed to operate this way

• Miscoordination of protection elements

• Problems to detect faults in the system

• Undesirable changes in the operation
time of protection elements
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Conductor (power line) 

fallen in a field

Step potential



Consequences

13

Equipment damage

From previous slides…
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• Objective: analyze the DER integration impacts on the grid’s 
protection system.

• Test case system: IEEE 34-node test feeder 

• The simulations were carried out using the EMTP-RV software
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Feeder
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Feeder
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The protection system was designed based on two perspectives

Based on
the

conductor’s
ampacity

Based on
the system’s
rated power
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• 50: Instantaneous Overcurrent Relay

• 51: AC Time Overcurrent Relay
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Test Case System

• 50: Instantaneous Overcurrent Relay

• 51: AC Time Overcurrent Relay
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Fault will be cleared 
after 0.3 s 

But why tclose = 7.5s?
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• The PV parks (three-phase) were
modelled based on PVSyst tool

• Single-phase PV systems were
modelled considering default
parameters suggested by the
software EMTP-RV

• The location of Surrey was

considered
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PV parks (three-phase) Single-phase PV systems



Connection Topologies

35



Connection Topologies

36



Connection Topologies

37

Different  connection 
topologies for the 
transformer of PV 
parks were considered
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Results (Relay Currents)

Feeder relay currents, phase A-to-ground fault at node 802.
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Feeder relay currents, phase A-to-ground fault at node 852.
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Results (Relay Currents)

Feeder relay currents, phase A-to-ground fault at node 840.
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Results (time to trip)

Time to trip, fault at node 802.

51



Results (time to trip)

Time to trip, fault at node 852.
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Results (time to trip)

Time to trip, fault at node 840.
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What if...?
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• DER integration is important to promote sustainable development

• We should be aware of challenges that may come up with it

• Identifying these challenges is important to direct efforts in finding

solutions to overcome them

• Overcoming these challenges may support the DER integration
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