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Introduction

B Low-voltage (LV) grids are supplied by a diesel generator
During maintenance of MV/LV transformer
During system outages (critical infrastructure)
In remote areas without connection to transmission system
B [Industrial LV island grids with PV and Diesel
Low amount of PV systems
PV systems are of substantial size

Oftentimes communication between PV and Diesel
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Introduction

®  Contribution of this work
Reconnection of small-scale PV systems in a residential LV network
Without the presence of communication
PV model
German grid code VDE 4105 from 2011 (new)
Commissioned before 2011 (old)

Reconnection of a mix of old and new PV
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Modelling and Simulation

New PV system (VDE 4105, year 2011)
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Modelling and Simulation
Old PV system (prior to 2011)
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Modelling and Simulation

Diesel generator
B Desing goals for frequency control

® Nominal power 250kW High PV infeed

®  Cos(phi)=0.8 Reduce time in which diesel is below

. minimal power
B Long-term minimal load 30% P

(75kW)
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Reconnection of a new PV system 1
.

®m Steps of the investigation \ I v
Load
3

LV network is not supplied with power from MV

Emergency diesel generator is connected to LV busbar
The diesel generator is started and forms an island grid

Diesel generator is initially operated at 50.1 Hz in isochronous control mode until cold-load pickup phenomena are
decayed.

The frequency control mode of the diesel generator is switched from isochronous control mode (50.1Hz) to the f(P)
control. This marks the starting point of the investigations in this work.
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Reconnection of a new PV system

PV Load
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Reconnection of an
Cut-off: 50.6Hz

old PV system
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B Reconnection works, due to small PV power. (Frequency goes back to 50Hz)
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Reconnection an old PV system

PV Last
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B Old PV system connects faster than new one
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B Unwanted oscillatory connection/disconnection can happen

B Load < 80kW: PV does not reconnect
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Oscillatory disconnection and
connection of PV
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Reconnection of a mix of old and new PV systems

e bus
= pv original

B 120 nodes - pv added

@ diesel generator

B 150 households
B 3 PV systems in original grid
B 21 PV systems in study case

B Load: 175 kW
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Reconnection of a mix of old and new PV systems

PV Total load
200 kW 175 kW

12 new PV
(10 kW each)

8 old PV
(10 kW each)

Reconnection of new PV systems
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Reconnection of a mix of old and new PV systems

py  Total load
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B Reconnection not successful because frequency increase triggers disconnection of some PV systems
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Conclusion

B Reconnection of new PV system works due to freezing of power
B Reconnection of old PV system can result in peridic connection/disconnection

B Reconnection of mix of old and new PV systems is determined by amount of old PV systems in the grid. (Independent
of power of new PV systems)

B General rule of thump for successfull reconnection of old PV systems

I:)Pv,avail,old S load + I:)Ioss o I:)Diesel,min

L—
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Conclusion

Recommendation for grid codes (island and microgrids)

B The power output of PV system should be frozen in case that the system frequency

reaches a critical value (e.g. 50.2Hz)

B If the system frequency increases beyond the critical calue, the active power output of

the PV systems should be reduced.

Future work
B Operational behavior of PV-Diesel systems with residential LV grids
B Replacement of diesel generator with voltage source inverter

B Slope of P(f)
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