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German Challenge: Network Congestion

Development of renewables
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Curtailment 2019 — distribution & causes

Affected plants in
transmission grid

Affected plants in
distribution grid

Curtailed energy in GWh

1,249.63

5,232.77

Percentual distribution

19.3%

80.7%

Transmission grid

Distribution grid

Causing the measurein GWh

5,349.68

1,132.72

Percentual distribution

82.5%

17.5%

Data: German federal network agenc

What contribution could electric vehicles possibly provide?




Modelling of vehicle fleet and charging optimization

Mobility data

Two mobility surveys
- Mobility in Germany 2017
- German Mobility Panel

Distribution of vehicles
Data from the German
Federal Motor Transport
Authority (KBA)

@ Curtailment Data

Historic curtailment
Plant-based info on
excecuted curtailments

RES feed-in
Timeseries of actual RES
feed-in by type

Weather data
Regionalized wind and
solar input

Mobility profile
generator
Driving profiles
Rural and urban, various

usergroups, charging
locations, consumption

Number of vehicles
per region and year,
various scenarios

Curtailment
model
Curtailment timeseries
Curtailed energy with

regional and temporal
resolution
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Vehicle parameters @

Dis- / charging Power

Battery capacity =~ Target SoC at departure  Safety SoC
40kWh - 100 kWh 50 - 100% 20% - 30% 10kW - 22kW

* e ®

Perfect foresight Rolling optimization

Direct charging

Unidirectional optimization

Bidirectional optimization

Model parameters
Linear or mixed integer optimization, variable losses, CPLEX optimization

- Energy system data

Day-Ahead prices Emission-timeseries
Historic and scenario data Historic and scenario data

Tarif structure
Load-dependent, HT/LT



From Grid Nodes to Voronoi-Regions A TR s FFE

450 extra-high voltage Buffers
grid nodes ‘

Assumption: Curtailed energy can be used in the immediate vicinity of the
extra high voltage grid notes




Curtailment — Regional and Temporal Resolution

Regionalized capacity factor (CF)
approach

A

DSO's Categories
(] Category A
[ Category B
[ Category C

0 100 200 300 400 km

« Category A: plant specific level
of curtailment

« Category B: amount of curtailed
energy per transformer

« Category C: insufficient data

Powerin MW
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CF at county level

MERRA-2 data to calculate CFs
One CF per county, per energy
type, for each time step
Related CF to each plant with
specific curtailment level

Curtailment level

Curtailment time series

per voronoi region

Curtailed Energy in GWh 2016

[Jo-1 [ 10-25 I 50- 100
[] 1-10 B 25-50 M > 100

Curtailed energy per 15 min
time step for 2015 till 2018




Scenario: Three Million EVs B Vot e FFE

: Three mio. EVs distributed by
46.6 mio. passenger cars C
voronoi regions

Passenger cars per km2 in Germany Voronoi-Distribution 3 Mio. EVs

0-50 75-90 WM 110- 135 M 190 - 590 [ 0-17500 [ 35000 - 60000 [ 130000 - 350000
50-75 [0 90 - 110 M 135 - 190 [ 17500 - 35000 [ 60000 - 130000

Assumption: With a total of three million EVs, the distribution corresponds to
the current distribution of conventional cars




Charging Optimization to Reduce Curtailment U (A FFE

Exemplary charging optimization

Curtailment time series
per voronoi region
[ L L’

Curtailed Energy in GWh 2016
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Charging Optimization to Reduce Curtailment U (A FFE

Curtailment time series , L
o Exemplary charging optimization
per voronoi region
. o gk

Curtailed Energy in GWh 2016
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Charging Optimization to Reduce Curtailment U (A FFE

Curtailment time series , L
o Exemplary charging optimization
per voronoi region
. o gk

Curtailed Energy in GWh 2016
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Charging Optimization to Reduce Curtailment U (A FFE

Curtailment time series e : L
C xemplary charging optimization
per voronoi region

Reduced
curtailment
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] =—Uncontrolled
harging

—Optimized

charging

Curtailed Energy in GWh 2016
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For every voronoi region reduced and remaining curtailed energy is calculated



Exemplary Analysis for Voronoi Region 34 in 2016 U (A FFE

Simulated EVs: 9,855
Curtailed energy pre optimization: 13.7 GWh
Curtailed energy after optimization:  11.2 GWh
Optimized charging leads to reduction of 18 %
BUT: Peak load increase of ~ 800 %!

Curtailment Voronoi-Region 34
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[Jo-1 [ 25-50 M Remaining curtailment ‘_E" 2
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[] 10-25 @ > 100 s Hours per year

—Uncontrolled charging —Optimized charging

Simultaneity leads to significant peak loads in certain regions!



Overview and Outlook B I e FFE

Overview | . Depending on the region and number of EVs a significant
reduction in curtailed energy can be achieved (average
about 4%)

« Optimization leads to significant peak loads

Outlook | « Reduction of charge peaks through "intelligent" charge
control

 Sensitivity analyses with regard to available charging
locations/charging capacities/plug-in behavior...

* Integration of Redispatch

* Integration Evaluation of Vehicle-to-Grid

Curtailment after optimized charging in GWh

[(]0-1 [ 25-50 M Remaining curtailment
(] 1-10 M 50-100 Reduced curtailment
] 10-25 MW > 100




Project Bidirectional Charging Management (BCM) A TR s FFE

11 Joint-Project-Partners

9 Consortium Partners
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This work is part of the ongoing project BCM
sufgrund eines Beschlusses Please visit www.ffe.de/en/bcm for further Information
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