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Abstract—
In this paper we present the design of an
Adaptive overcurrent protection for Distribution Power Systems
with penetration of Distributed Generation, based in a proposed
methodology. The methodology takes into account typical
protection schemes, normative, general protection requirements,
protections coordination and distributed generation impact to
protection system, and its applicable to planning systems or for
existing systems initially without DG. This work apply a part of
IEEE 13 nodes Radial Distribution test Feeder, to study the
impact of Distributed Generation to the protection system, apply
and prove the proposed design methodology.
Index Term— Adaptive overcurrent protection, Distributed
Generation
impact,
protection
coordination,
relay
reconfiguration.
I. INTRODUCTION
During last years due to necessity of green energy generation
and power economy diversification, Distributed Generation
(DG) development has been increasing. With this tendency
great benefits are obtained, but also emerge problems and
challenges that needs immediately solution by actual
engineering.
This work has as objective identify impacts produced to
protection systems due to the connection of DG in a
distribution grid, therefore it is possible to define protection
systems requirements. Based in this requirements, protection
schemes, normative and results analysis of the system, this
work pretends to develop a methodology that permits a
protection system design that fulfill with all the requirements
of an special and time-variant system such as distribution grids
with DG penetration.
Proposed methodology guides to design an automatic
protection system, known as electrical adaptive protection,
that take advantage of communication technology and digital
relays applications that exist nowadays, for example IED's
(Intelligent Electronic Devices). Electrical adaptive protection
has to meet with the future of the power grids: automation,
flexibility and reliability.
Engineering its responsible to ensure
an efficient
integration of DG to the grid, for reach economics, technical
and environmental benefits. Consequently, it's necessary to

Mario A. Ríos
mrios@uniandes.edu.co
Universidad de los Andes

solve problems of protection in microgrids, due to the
numerous system operation topologies and configurations, the
protection system have to be able to change their parameters
to adapt them for new configurations, maintaining the basic
criteria of: Sensitivity, selectivity, reliability and velocity,
which demands a coordinate protection system.
It is important to highlight that designer have to be
responsible to apply this methodology knowing that every
distribution system change in its performance and
requirements, however, this methodology gives guidelines and
defines which aspects and facts will have to be taken into
account. For the methodology validation we use a portion of
IEEE 13 nodes test feeder.
This paper is organized as follows: Section II presents the
study case system which validates the methodology. Section
III presents impacts and requirements identified in a power
distribution system with DG penetration. Section IV shows the
adaptive protection system structure. Section V submits
proposed design methodology. Section VI presents the results
and advantages of the adaptive overcurrent protection system
designed. Section VII concludes.
II. STUDY CASE SYSTEM
Study case system is a portion of IEEE 13 nodes test feeder
[28], one line diagram is presented in Fig. 1, because its
characteristics are suitable to study the impact of DG in the
overcurrent protection system. DG location and capacity
demand a careful analysis and development, that depends of
many factors, that doesn't make part of work's approach.
The DG set up in study case are:
- Node 611: Synchronous Generator 1000 kW at
4.16 kV.
- Node 692: Synchronous Generator 500 kW at
4.16 kV.
- Node 675: 2 Units of Wind Turbine Generator
300 kW each one at 0.69 kV,
included transformation 0.69 kV to
4.16 kV.
With DG in the system, exists a lot of possible
configuration of the power grids, in this work only has been

1214304-05-8585-IJECS-IJENS © October 2012 IJENS

IJENS

International Journal of Electrical & Computer Sciences IJECS-IJENS Vol:12 No:05
reviewed the following topologies:
1. Power Grid without DG.
2. Power Grid with all DG.
3. Isolated Operation and all DG.
4. Isolated Operation with DG
contingency.

with

2

N-1

Fig. 1. Study case system one line diagram, including DG.

III. PROTECTIONS IMPACTS AND REQUIREMENTS IN A SYSTEM
WITH DG
We performed a typical design of overcurrent protection to
the system without DG, applying Chronometric Selectivity for
the instantaneous units (ANSI 50), and time-current
Selectivity for temporized units (ANSI 51), for coordinate
relays. Using ETAP software is checked the protection
coordination, viewing TCC curves, sequence and time of
units operation for faults in different buses.

Fig. 2. Protection Coordination example, for a fault at node 611.

Therefore, verified the protection coordination, the DG
were included to identify the impact that it produces. The
following figure shows the impact of DG for the fault currents
at one example faulted node.
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Fig. 3. 3Φ and 1Φ fault currents for different system configuration at node
692.

To show clearly the impact of DG to fault currents levels is
important to compare current levels for the different
topologies respect the current levels for the system without
DG.

3

TABLE I
DG's IMPACT TO PROTECTION SYSTEM
IMPACT
OBSERVATION
Change fault current
flow
Increase or
Decrease of fault
current
Incorrect Fuse
Operation

Current flow isn't radial with DG, there are current
contributions from DG, that are above or/and below
faulted point.
Depends of system operation topology.
It's possible that become ineffective or blow off
without a real fault.

4

False Relay trip

Due to nominal current flow increase

5

Loose of
Coordination

6

Undetectable Faults

7

Interruption
Devices Damage

As a result of fault current increase and be greater
than interruption capacity of implemented devices.

8

1Φ fault greater
than 3Φ fault

Due to DG have greater one phase fault current

9

Necessary
Bidirectional Relays

Due to Impact number 1

10

Fault current
magnitude out of
tripping range relay
scale

It is possible that new fault current magnitude
(regardless increased or decreased) isn't sensed by
relay with the Current Transformer relation initially
installed

11

Fault relay trip out
of time

Relay trip due to fault, but with too long time that
becomes unacceptable. Owing to coverage loose
from units 50

Loose of sensitivity and selectivity, as a result of
fault's current magnitude, direction and flow change.
When new fault current level is low.

For study case system, with different configuration we
have the percentage average change of fault current magnitude
respect the system without DG presented in Table II.
Fig. 4. Percentage of fault current magnitude (3Φ and 1Φ) for all nodes
respects the fault currents of system without DG.

TABLE II
Magnitude fault current percentage respect system without DG
3Φ Fault
Current
[kA]

1Φ Fault
Current
[kA]

Power Grid
without DG

100,00%

100,00%

P. Grid + DG
complete

128,00%

241,00%

Isolated Op. +
DG complete

35,60%

110,00%

G1 no
connected

11,99%

39,43%

G2 no
connected

23,00%

74,70%

Fig. 5. Percentage of fault current magnitude (3Φ and 1Φ) for all nodes
respects the fault currents of system without DG.

Hence, Table I shows the impacts of DG to protection
systems in a distribution power grid.

Isolated Op. + GD
with contingency N1

Configuration
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WTG no
connected

35,60%

4

117,00%

Adaptive protection system requirements are:

#

TABLE III
ADAPTIVE PROTECTION SYSTEM REQUIREMENTS
REQUIREMENT
OBSERVATION
Implement appropriate protection scheme
for DG sources [17]

1

DG special protection

2

Selectivity

3

Adaptability

4

Velocity

Appropriate trip time for fault clearing.

Individual Relay Evaluation

Depending of system configuration,
because it's possible that specific
downstream relay in some configuration
have to be coordinated as an upstream
relay.

5

Whether DG operation and system
topology, unit's 50 and 51 configuration
are reprogrammed to fulfill protection
objectives according to new fault currents.

6

WTG 3Φ Asymmetric
contribution

WTGs don’t contribute 3Φ symmetric
fault current, even though it contribute at
single line ground fault. 3Φ Asymmetric
contribution will affect interruption
devices capacities.

7

Identify Bidirectional
Relays

Due to Impact number 9 of Table I

Table II shows a percentage average change that is constant
for fault current at each node for every configuration respect
system without DG. This performance will be used for make
adaptive overcurrent protection.
IV. ADAPTIVE OVERCURRENT PROTECTION FOR DISTRIBUTION
NETWORKS WITH DG
Adaptive protection system proposed, modify automatically
relay trip parameters based on system topology detection,
maintaining every time an electrical overcurrent protection
coordinated at selectivity and sensitivity, as it is defined in
[22]. System topology detection is made by knowing which
generators are connected. An algorithm is programmed in
MATLAB, for evaluate the performance of the adaptive
protection structure proposed, this algorithm its the tool for
install at control unit (i.e. PLC, master control, etc) that
determine new relay parameters. Fig. 6 shows adaptive
protection system structure. New relay parameters are
calculated taking advantage of Table I information, changing
original protection system parameters in proportion to the
percentage change presented.

Fig. 6. Adaptive Protection Relay programming Algorithm structure.

Algorithm needs only information from designer, the
advantage is that this information exclusively corresponds to
protection coordination of system without DG, which is
commonly used radial coordination:
a) Number of relays
b) 50 and 51 parameters for system without DG.
c) Table I information.
d) Current Transformers transformation relation.
e) Fault currents at each node for system without DG.
f) Protection coordination time constants, such as:
minimum time (Tmin) and margin time (Tmargin).
Algorithm calculates parameters for units 50 from Trip
Current and time delay defined for system without DG,
modifying the Trip current on calculus proportionally with
percentages for each configuration. Time delays are defined
according to coordination required, following current and
chronometric coordination. For an identified configuration, the
algorithm calculate units 51 parameters for each relay, from
the information of this units parameters for the system without
DG, using information of Table II, obtains proportional new
fault currents. The unit 51 parameters are calculated using
Time- Current coordination method (Using ANSI extremely
inverse Curve). Although, algorithm permits to change
coefficients to obtain another ANSI curves. For this
calculation, algorithm constantly saves the trip times for the
same relay and respect above and below relays in a time
matrix. Algorithm gives the results in 2 matrixes, one for
information of units 50 and another for 51.
V. DESIGN METHODOLOGY
As a result of study electrical protection in distribution
power systems with DG, a design of overcurrent adaptive
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protection system methodology is proposed.
1. Analyze the system without DG, identifying special
characteristics and carry out Short Circuit analysis.
2. Locate overcurrent protection devices, dividing
system in zones.
3. Apply Asymmetric fault currents calculated in step 1
to find interruption capacity for device in every
location. [15]
4. Choose type of relays.
5. Choose and apply Protection coordination method.
6. Verify protection coordination with a software tool,
identifying special requirements.
These 6 steps are already carried out if is an existing
systems, that will implement DG.
7. Include DG to the system (This step is a result of a
complete study that determine optimally capacity and
location). [3][4]
8. Identify type of DG for define protection scheme
specifically for the type of source. [17][21]
9. Realize Short Circuit Analysis for possible system
configurations with DG, as shown above, it is enough
to find fault current for just one faulted node, and
find the percentage change.
10. Verify system zones made in step 2, if demands any
change.
11. If percentage changes in step 9 are significant, find
new asymmetrical fault currents for review device
interruption capacities. [15]
12. Define if it is necessary to change protection
coordination methodologies.
13. Use Adaptive Protection algorithm proposed: Sign in
information obtained in step 1, 5 and 9 to scheme
presented in section IV.
14. Use Adaptive Protection algorithm proposed: Verify
the relay parameters for all system configurations
given by proposed protection algorithm applying a
software tool.
15. Realize necessary adjustments and modifications.
16. Verify protection coordination for all system
configurations.

VI. ADAPTIVE PROTECTION SCHEME RESULTS
Sample results of methodology and adaptive protection
scheme proposed, and applied in the study case are presented
in this section, testing that this methodology and algorithm is
programmable and works fine, because gives correct results.
Table IV, shows the results calculated by algorithm for units
50 for all relays at every configuration. Table V, presents the
trip relay sequence for different faults at configuration 2
(Power Grid + DG complete).
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TABLE IV
Units 50 Parameters
Trip Current [kA]

Relay

Conf. 1

Conf. 2

Relay 1
Relay 2
Relay 3
Relay 4
Relay 5
Relay 6
Relay 7
Relay 8
Relay 9
Relay 10
Relay 11
Relay 12
Relay 13
Relay 14

2.660
2.660
2.880
2.880
2.800
2.900
3.600
2.980
3.100
3.100
3.800
4.520
7.995
0.236

2.695
0.639
2.976
0.675
3.584
3.341
3.600
3.814
0.337
3.100
0.746
4.520
7.995
0.236

Relay 1
Relay 2
Relay 3
Relay 4
Relay 5
Relay 6
Relay 7
Relay 8
Relay 9
Relay 10
Relay 11
Relay 12
Relay 13
Relay 14

0
200
300
600
0
0
0
0
600
900
0
100
0
300

0
300
0
250
0
0
0
0
300
300
400
100
0
300

Relay 1
Relay 2
Relay 3
Relay 4
Relay 5
Relay 6
Relay 7
Relay 8
Relay 9
Relay 10
Relay 11
Relay 12
Relay 13
Relay 14

13.30
13.30
14.40
14.40
14.00
14.50
18.00
14.90
15.50
15.50
19.00
22.60
26.65
1.18

13.474
3.195
14.882
3.373
17.920
16.704
18.000
19.072
1.686
15.500
3.728
22.600
26.650
1.180
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Conf.
3

Conf. 4

Conf. 5

Conf.
6

0.237
0.319
0.639
0.319
0.315
0.345
0.675
0.345
0.997
0.336
0.929
0.348
1.282
0.432
0.955
0.322
0.638
0.335
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Time Delay [ms]
300
0
250
200
400
300
150
600
0
0
0
0
0
0
0
0
300
800
0
0
0
0
0
0
0
0
0
0
xIn
1.185
1.595
3.195
1.595
1.576
1.727
3.373
1.727
4.984
1.679
4.646
1.739
6.408
2.158
4.774
1.608
3.191
1.673
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.662
0.662
0.662
0.662
0.644
0.667
0.828
0.617
0.642
0.000
0.000
0.000
0.000
0.000

0.237
0.639
0.315
0.675
0.997
0.929
1.282
0.955
0.638
0.000
0.000
0.000
0.000
0.000

1300
1100
900
600
0
0
0
0
300
0
0
0
0
0

300
250
400
150
0
0
0
0
300
0
0
0
0
0

3.312
3.312
3.312
3.312
3.220
3.335
4.140
3.084
3.209
0.000
0.000
0.000
0.000
0.000

1.185
3.195
1.576
3.373
4.984
4.646
6.408
4.774
3.191
0.000
0.000
0.000
0.000
0.000
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TABLE V
Trip Relay Sequence
System Topology # 2
Fault at Node

611

684

671

3

2

675

692

632

Bus 5

Relay
Relay 1

1

Relay 2

3

Relay 3
Relay 4

5
3

2

1
2

2

4
1

1

Relay 5
Relay 6

1

Relay 7

2

Relay 8
Relay 9

3

3

Relay 10
Relay 11

2

3

2
5

2

2

2

3

3

2
5

Relay 12

1

Relay 13

1

Relay 14

2

Relay G1
Relay G2

4

4

4

4

3

4

5

5

5

4

5

5

Relay WTG

Next figures show the TCC of relays and operation of
reprogrammed relays by proposed algorithm. TCC are
normalized respect fault current of the faulted node.
TCC in Fig. 7 are for relays 2, 3, 4, 9 and G1, this group of
curves don't seem like usually coordinated relays, that's
because this system branch have a DG unit at the end, that
causes bidirectional fault current flow. For a fault at G1 bus,
it's necessary to coordinate system relays for a common radial
fault current, if G1 protection is well programmed, but for a
fault at bus 684, fault current have component from above and
below current contribution, so it's necessary to take into
account and develop an appropriate coordination. Sequence
shows that exist trips for both contributions, which also have a
coordinated back up.

Fig. 7. Faulted bus 611 for system configuration #3. TCC relays that operates
and operating sequence in one line diagram.
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Configuration # 4 becomes a radial system, although it's an
operation with DG, hence, TCC are viewed as a typical case of
protection coordination for distribution system, instead of
results are due to parameters calculated by the algorithm and
scheme proposed. It is presented in Fig. 9.

7

Fig. 9 and Fig. 10 show TCC curves for 2 example relay at
different system configuration, this curves are programmed by
proposed algorithm scheme results. In this way, designer
would visualize the adaptive performance of protection
curves, calculated by proposed algorithm.

Fig. 9. TCC curves of Relay 1 for different system configurations.

Fig. 8. Faulted bus 611 for system configuration #4. TCC relays that operates
and operating sequence in one line diagram.
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Fig. 10. TCC curves of Relay 6 for different system configurations.

These results show some advantages for this adaptive
protection scheme, some of them are: For take decisions,
system only needs a binary information of DG status (On/Off);
Algorithm just needs information of original system, it means,
system without DG (i.e. Parameters 50 and 51 of relays),
being an advantage when the methodology is applied to a
constructed system. Due to trip decision occurs locally in
relay, sure more reliability, thus only the reprogram
parameters depends of a centralized control. This algorithm
not only is an adaptive protection tool, furthermore is a
methodology for design protection coordination to systems
with more than one configuration. Scheme has flexibility to
change protection design parameters and curve type, ensuring
results that coordinate relays. Also, if the system increase the
load, it's just necessary to change the I trip original vector, and
the adaptive protection take into account this system change.
Comparing with another adaptive protection methods, as for
example [2] [7] [10] [11] [12] , proposed scheme is efficient
and take into account impacts and requirements that other
methods don’t. The advantage is that it was created later of an
strict DG impact to protection system study, realized in this
work. Application of this adaptive protection system with this
kind of performance, flexibility and versatility would be take
important role for nowadays automation and security of
electric power systems.
VII. CONCLUSIONS
Results show that methodology and design adaptive
protection system proposed is applicable and works effectively
for existing power distribution systems, which lately install
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DG to get their benefits. Methodology defines necessary steps
that designer have to watch and carry out for design an
adaptive protection scheme for this kind of power system.
Following this steps, designer ensures take into account
protection requirements, impacts and corrective actions for
distribution systems with DG penetration.
For each system configuration exist a percentage change of
fault level respect system's levels without DG, and this is the
same change for all nodes, this behavior has been used as
calculation variable for reprogram relay's parameters, building
up an adaptive scheme. That's why, its sufficient to calculate
only a fault current in each configuration at only one node,
and compare this fault level with the same fault node in
original system and this percentage variation will be applied
for all node's fault level. So, it is possible to calculate the
parameters for all the relays only knowing original protection
coordination of the system without DG and the percentage
variation of fault levels.
This work permits identify how DG impacts overcurrent
protection in distribution power systems, considering DG
types performance. It shows that the most dramatic impact is
in isolated operation, because fault currents decay to
extremely low values. A challenge that it's necessary to face is
with the coordination due bidirectional fault current flow,
designer criteria have to be precisely to decide how to
coordinate units for response correctly in this cases.
Experience of this work, evidenced that the best
coordination method to apply, is programming units 50 only
for trip when a fault in the local bus occurred, and make back
up only with 51 units. Hence, is recommended to use
amperimetrical coordination to units 50 and time - current
coordination between adjacent 51 units.
Future research and work in this area is to carry out physical
implementation of the adaptive protection system, applying
Real Time - Hardware in the Loop simulation (RT-HIL). RTHIL simulation is based in software simulation of common
performance of a power system with DG, a physical controller
such as a PLC, for program proposed algorithm and a
multifunction digital relay(s). Obtain from de virtual
simulation the information needed by proposed algorithm, and
send this data to controller which is responsible to calculate
and give the information to modify relay protection
parameters. Finally obtain real TCC using secondary current
injection to relays with an universal relay test set and
commissioning tool.
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