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Introduction — What flexibility demand does the German energy system have
(over time)?

Lithium ion battery discharge Lithium ion battery charge
High residual load Low residual load

330
300
o 300
270 3] - O
E 240 ; . ()
F0.6 O 240 0.6 ;
)] a 1]
> 210 U L) )
Y 05 O > o5 O-
O 180 QNJ Y= 180 O
> 1o 0.4 = o Los QU
(1] Pl > 150 N
O 1 e ®© “©
0O 120§ g
S .
90 § 90 6
60
60 Z

Hour of day

Cebulla et al. (2017)

‘ #
DLR



DLR.de * Chart6 > Niklas Wulff

Introduction — Electric vehicle fleet as balancing option for the power
system’s short-term flexibility demand
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Motivation — findings from literature (power sector)

* -9.2% reduction in grid capacities (Luca de Tena & Pregger,
2018)

e -0.9%-+2.69% in total capacity expansion in time
horizon 2020-2050 (Taljegard et al. 2019)

e -9.28% -+10.31% new interconnectors in time
horizon 2020-2050 (Taljegard et al. 2019)

Technology capacity

e -6 TWh system |osses (Luca de Tena & Pregger, 2018)
e -1.6-1.8 TWh system losses (Gnann etal., 2018)

e -19.05 % reduced wind power curtailment in 2030
(Taljegard et al. 2019), total curtailed wind power in base: 2%

Curtailment

Reduced peak power

e -45GW (Luca de Tena & Pregger, 2018)

e -2.2-40.76 GW (Gnann et al., 2018)

 -3-9GW (21-59 %) reduced investments in peaking
capacity in time horizon 2020-2050 (Taljegard et al. 2019),

System costs

e 850 bn. € system cost savings (Luca de Tena & Pregger, 2018)

* 0-12 % increased system cost from operation in
2030 (Taljegard et al. 2019)

* 5-12 % increased system cost from investment
modeling (Taljegard et al. 2019)
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Research Questions

1. What structural effects do behaviour-driven charge decisions for future electric vehicle fleets
in future cost-optimal power systems with high shares of photovoltaic and wind power plants?

2. How do hourly power prices affect charge decisions? How do these changes affect load shifting
potential of future electric vehicle fleets?
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Systematics of model coupling
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Methods of model coupling without a strict harmonization of scope
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Input — load shifting profiles
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Input — load shifting profiles
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Input — load shifting from EV fleet
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Input — load shifting from EV fleet
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Preliminary results — MRO vs. MR1
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Preliminary results — MRO vs. MR1
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Preliminary results — MRO vs. MR1
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Preliminary results — MRO vs. MR1
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Preliminary results — MRO vs. MR1
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Preliminary results — MRO vs. MR1
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Further work and weaknesses of the analysis

Next steps Further improvements

- REMix-Model Run 2 with CURRENT-Output - Validation of charging decisions modelling
- Setting up feedback loop for power prices - Change in charging behaviour

- Result depiction - Assumptions on taxes and rates

Sensitivity analyses for different weather and load

years (currently 2011)
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Motivation — findings from literature (power sector)
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Model 1 - VECTOR21
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Model coupling — Gerboni et al. (2017)
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Model coupling — Taljegard et al. (2019)
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Method — User-behaviour implications for power systems
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Model description - REMix
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Data and daily charging behaviour
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Data and daily charging behaviour — different effects (Gerhardt et al. (2018))
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Data and daily charging behaviour — different effects (Fischer et al. (2018))
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Data and daily charging behaviour — different effects (Fischer et al. (2018))
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Assumed power system flexibility — Gerhardt et al. (2018)
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Infrastructure availability for controlled charging

2030 2050
Tagsiber laden Nachts laden Tagsﬂber laden Nachts laden
Kain Netzanschluss 62,5% 25,0% 50,0% 25,0%
3.7kW 24,7% 67,.3% 29,5% 64,5%
11.3 kW 3,1% 1,9% 5,0% 2,5%
22,2 kW 3,1% 1,9% 5,0% 2,5%
43,5 kw 6,3% 3,8% 10,0% 5,0%
132 kW 0,3% 0,1% 0,5% 0,5%

Gerhardt et al. (2018)
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Infrastructure availability for controlled charging
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2030

Public energy charged [kWh]

-2-S1 No subsidies --S2 Subsidies until 2020 -+-S3 Subsidies until 2030

Gnann et al. (2018)
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Model coupling of VECTOR21, REMix and CURRENT

method

Gemany plus
Spatial horizon Germany neighbouring Germany CR
countries

Spatial resolution ZIP codes Germany.m 2 nodes, 1 node A (V-R), S (C-R)
others in 1 each
Temporal horizon 2010-2050 1 year in 2040 10 days in 2040 S (V-R/C), DP (C-R)

Temporal resolution Annual Hourly Activity / hourly Harmonization
Technological 3 drivetrain Transport: 3
8 technologies, 3 car technologies, Power: 1 technology S (V-R/C), CR (C-R)

resolution

sizes 9 technologies
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Input data — Mobilitat in Deutschland
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