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Topic of the Paper: “Protection and Dynamic Analysis during Bottom-Up
Restoration Process in MV/LV Microgrids”
Motivation and State of the Art
The purpose of this research is to investigate the protection behavior during power system restoration. In
islanded mode, the network is a weak grid, and therefore, frequency and voltage deviation might be
significant in case of switching or power flow variations. Furthermore, the trend to a larger share of
inverter-based generation leads to low inertia as well as decreased short-circuit level, and can affect the
efficiency of the protection systems. So, it is important to analyze if the classical settings of protections
are feasible for the grid operation in islanded mode.
Contribution and organization
The main contributions are as following:
• An investigation on how the conventional
protection systems are influenced by the
bottom-up network restoration process
after black-out.
• The sensitivity and the coordination
between the relays, between the fuse and
the relay, and between the fuses is
investigated.
• The impact of stepwise network
restoration, starting with a black start unit,
on the behavior of the under- /overfrequency and under- /over- voltage relays
is evaluated.
• Recommendation of novel approaches are
given and an outlook is presented.
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Fig. 1. MV/LV grid with the over-current relays (R) and the fuses (F)

Study Case I: Static Protection Study
Methodology
In this research paper, a simulation model of a 20/0.4 kV grid is implemented based on the real grid data
of a distribution system operator in Germany using DIgSILENT PowerFactory software as shown in Fig. 1.
In this study case, a static protection study is performed based on over-current short-circuit analysis both
in grid connected and in islanded mode. It is investigated during the study how the selectivity, sensitivity
and speed of the conventional protection is influenced, and if the fuses, as well as the fuse and the relay

are still selective in islanding mode during the network restoration process. Three scenarios are created in
different fault locations and the reaction of the protection devices are observed (refer the full paper).
Results and Discussion
 It is observed that the primary and back-up protections (relay and fuse) are sensitive but there is
a huge delay in the relay operating time in some case scenarios in the islanded mode operation.
 In some scenarios, the primary and back-up protections (relay and fuse) are neither operating in
the set time nor sensitive due to decreased fault current in the islanded mode operation.
Study Case II: Dynamic Study
The dynamic simulation and protection studies are designed as follows:
1) Dynamic RMS study: methods and results
The restoration process started with a black-start unit i.e. a mobile diesel emergency supply unit (ESU).
Phase 1: The diesel ESU supplies power to
Station 1 (in 4 steps) and first islanded grid is
formed from the black-out.
Phase 2: The Island is expanded and the
synchronization of the biogas takes place. Then,
the biogas plant takes over part of the load.
Phase 3: Stepwise reconnection of Station 2 is
done (in 4 steps). It is seen that seen that the
frequency deviations are reduced because of the
increased inertia provided by the biogas plant.
Phase 4: Diesel ESU is disconnected and biogas
plant is used as reference machine. The
Fig. 2. Frequency and voltage curve at Scenario D-2: Under
restoration of the islanded grid is completed.
frequency relay tripping
2)

Dynamic protection study: methods and results
Table I: DIFFERENT CASE SCENARIOS AT STUDY CASE II
In this case, a dynamic protection study is
Study case II
performed to assess the feasibility of the island Scenarios
Total load restoration steps
system considering the under- and over- frequency, Scenario D-1
25% load at one step, so in 4 steps
and the voltage relays during the different stages. It
Scenario D-2
50% load at one step, so in 2 steps
is done in three scenarios, with different load steps,
Scenario D-3
100% load at one step, so in 1 step
as shown in Table I:
The simulation results are explained as
follows:
Scenario D-1: The frequency and voltage
remains within the limit as shown in Fig. 2.
Scenario D-2: Tripping of various protection
devices (diesel trips at 0.43 s) and a
subsequent even further frequency decay as
shown in Fig. 3.

Fig. 3. Frequency and voltage curve at Scenario D-2: Under
frequency relay tripping

Scenario D-3: Frequency decreases faster; so,
the protection tripping occurs earlier (diesel
trips at 0.2 s).

Conclusion and recommendation
Static protection study:
 It is observed that the protection devices are neither sensitive nor operating timely during the grid
operation in islanded mode.
 The recommendation to DSO is to implement different pick-up current and time settings for the
operation in grid connected mode and grids in islanded mode.
 One of the technical possible solution is to implement adaptive and/or automated (IED based)
relay protection scheme for the line in MV grid (under research).
 An option to solve the problem of the sensitivity and selectivity of the fuses for LV and MV grid is
to use smart fuses with different current thresholds (under research).
Dynamic protection study:
 The dynamic study highlights that there is a tradeoff between sectionalizing, and to dealing with
large load increments.
 It shows that there is an interdependency between the dynamic stability and the protection
analysis needs to be considered.
Outlook for further research
 It is important to do the sensitivity analysis to adapt the protection functionality.
 It is required to implement adaptive and/or automated (IED based) relay protection scheme to
adapt smart microgrid configuration.
 It is necessary to consider dynamic protection based on over-current short-circuit analysis as the
future grid behavior is more dynamic due to increased share of inverter bases generation.
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