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Outline

• Introduction to the electric grid

• Situation in Ulm

• Approach – Remote sensing for grid planning and operation

• GIS data for smart grids
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• Results from Smart Grid Ulm
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• Conclusion
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Remote sensing for grid planning and operation



The electric grid
A very short introduction
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Photovoltaic (PV)
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>110kV
Distribution Grid 

>110kV Today
Grid operators have no
measurements at the 

20kV
P, B, U, I,

measurements at the 
low voltage level

Peak current readout 20kV

1000

Peak current readout 
every 1 to 4 years at 
transformer level

(PV)



Voltage drop 
Influence of Load and Photovoltaic to voltage

+10% (EN 50160)+10% (EN 50160)

+3% (VDE AR 4105)

Nominal 
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Low Voltage depends on

-10% (EN 50160)
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Low Voltage depends on

• Load

• Generation
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• Medium Voltage Level

Load depends on load profile
Generation depends on irradiance
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Generation depends on irradiance
Medium voltage is a superposition of both

+10% (EN 50160)

Voltage

+10% (EN 50160)

+3% (VDE AR 4105)

Nominal Voltage U

Low Voltage depends on

10% (EN 50160)

TimeLow Voltage depends on Time

Medium Voltage Level

Load depends on load profile
Generation depends on irradianceGeneration depends on irradiance
Medium voltage is a superposition of both



PV Power at Ulm
Installation mainly in low voltage grid
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Motivation
Challenges for grid planning and grid operation

Situation today

Over 90 MWp in UlmOver 90 MWp in Ulm

Over 4500 PV systems mainly in low 
voltage grids

No online-monitoring in the low voltage 
grid, just annual energy values per 
household

No grid status on low voltage levelNo grid status on low voltage level

Increasing error in load balancing 
(demand and production)
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Unknown situation of voltage and load 
flow

Need measures to know about the risk 
of voltage band violation and 
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of voltage band violation and 
component overload in low voltage grid 
in advance
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monitoring in the low voltage 

Need measures to know about the risk 

component overload in low voltage grid 



Main Questions
Smart Grid Research at Ulm 

How much PV the grid can take?How much PV the grid can take?

What happens if 25% / 50% ….100% of the houses have PV systems

How the grid has to be enforced?

Which technical solutions are available?Which technical solutions are available?

What are the costs?

H
ol

ge
r 

R
uf

 ©
 H

oc
hs

ch
ul

e 
U

lm
, S

W
U

 N
et

ze
 G

m
bH

Which are the cost effective solutions?
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What are the costs
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What are the costs

What happens if 25% / 50% ….100% of the houses have PV systems

Which technical solutions are available?Which technical solutions are available?

Which are the cost effective solutions?

costs for a Smart Grid?costs for a Smart Grid?



Test Site 1
Suburban Ulm-Einsingen
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