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Introduction
Current development of the energy landscape in Germany

+ %@ - é"é%

Decreasing Increasing number Potential of
number of fossil of EVs integrating EVs
power pants into ancillary
services
[1, 2]
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Introduction
Research Question

~

~N

To what extent can private electric vehicles in Germany be used for the provision of
Frequency Control Reserve (FCR)?

-

J

To what extent is the implementation technically feasible in Germany at present

>

and in the future?

How economical is the implementation currently and in the future regarding the

&

market design?

What are the current legal and regulatory framework conditions, and which are

m

N

=)
(>

necessary to provide FCR by private EVs in Germany?
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Background

Frequency Control Reserve

» Balancing power: ancillary service to keep the balance in the grid at a frequency of 50Hz
» Currently: mostly hydropower and fossil generation plants

» Three different types of balancing power:

30 sec 5 min 15 min 1h time

Schematic sequence of different types of balancing power [3].

[1, 2, 3]
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Background

Market requirements and prequalification

« Daily bidding on a joint
European Platform

° i i i wer . Activation . Deactivation ivati 2 i Frequency
Daily tenders with 6x4 Time F':’TE e aon Zhclvaton  Deacivaion
Slices ™ ™ .""r—'“
_ _ } : . ' : _
»  Symmetrical offer N | " |
« “Pay-as-cleared” principle ‘ 1 | |
. g . : . 15 Miin : : 2. Provision |
* Prequalification at the TSO e _tSMn__
. : : | | | Frequency
» Limited storage systems have to ‘ 1. cal 2w | | | Power
provide 25% buffer of their ' | e
offered power Schedule to demonstrate the usable work capacity of a
battery storage system to prequalify for providing FCR [4].
[4, 5]
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Background

Stand of the art and research

Literature Review Pilot Projects

« Several studies in the last years in the » Several projects with different TSO and
whole world manufacturer in Germany the last years

« Studies in recent years and in Europe * Mostly with components, which are not yet
particularly relevant for this work publicly available in Germany

« Several studies but with different results » Prequalification for FCR was successful

due to different framework conditions

- FCR in Germany not studied for private EVs —> Technically possible, but mainly on a pilot
from different households scale
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Methodology

Structure and approach

2. Database

Tools for mobility
data

« LPG

« CPGeM

Economical
data

1. Assumptions and framework

3. Simulation

« 100 HH for 2022 in
15-minute
timesteps
Determination of
the availability of
the EVs

- Simultaneity facor

for each time step in

2022

4. Potential
Analysis

Evaluation of the
results of the
simulation
Calculation of
the potential
revenues

5. Implementation of a
concept

Technical

Economical

Legal
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Methodology

Assumptions and framework

» Aggregator with a pool of vehicles under
contract %0 1 A slet

« Communication and control of the vehicle, 80 -
access when EV owner allows the use

SF [%]

e Minimal provision of 1.25 MW

-
« The aim is to offer the capacity with as few EVs
as possible to increase the average payment per 7 N
EV — T r ' —_— for the 4h slot

0 1 2 3 4 5

. . . . . Time steps [h]
 The minimum available capacity during each 4-

. : . . Presentation of the principle that the minimum
hour time slice then determines the capacity that PanCP

availability determines the total availability for each

the aggregator can offer to the TSO as a reserve 4h time slot [7].
[4,6]
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Methodology

Assumptions and framework

] Battery
* Non-urban, village areas tCapaci
YA
« 11 kW bidirectional 100%—F— ~_
charging and discharging 80% ——
power 60%
« 60 kWh capacity per EV
- Implementation of a 20%
charging Pattern (i?]‘; r:\l'A" Available FCR N.A. géflg
. T chargin chargin
« charging power is limiting L g v q
factor At home and connected to the CS
- Availabe for FCR Not available - Theoretically available == SOC

Schematic representation of the charging pattern from arrival at
home, through charging, provision of FCR and departure [8].
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Methodology

Database

« Load Profile Generator by Pflugradt and Charge Profile Generator for e-Mobility by Sprunken are
used

* Modification of the CPGeM, Charging only up to 60% SOC , generating new output files

Python script: ; : -
CPGeM Mobility Behavior script CPGeM SoC Simulation script

LPG (Pflugradt)

Overview of the CPGeM: Connection between CPGeM Mobility Bevavior, CPGeM SoC Simulation, MiD 2017 [9, 10]
and LPG [10].
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Methodology

Database
« Economical data for the 800 7 —— average
simulation to calculate the 700
theoretical revenues is based 600 -
on historical market prices 500 -
) =
« TSO publishes the results on = 400
. e
its tender platform 300 -
regelleistung.net 200 -
« Use of the results of the 100 -
tenders for FCR in Germany 01
in 2022 for each 4-hour time 0121 05/21 101 03/22 08122
slot. Time
Average value of the results of the tenders for FCR in Germany in
2021 and 2022 [12].
[11]
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Methodology

Overview of the Simulation

LoadProfieGenerator.exe
Simulation of 117 Households for 1 year

I
Householdprofiles, Member_profiles

Input Parameter
INPUT_Parameter.xlsx
Capacity_and_consumption.csv
Dynamic_out_of _home_activities.csv
Out of home_activities.csv

Static_out_of home_activities.csv
I

CPGeM_MobilityBehavior.py

\ 4

Csv_output: Mobile member files, overview file

CPGeM_SoCSimulation.py

T
Csv_output: Output.csv
Y.

Planned_charging.xlsm
Formation of the excel file

LPG
Calculation_of_SF.py
Python . 2
Result: SF_100_HH_1year .xlsx resultsFCR2022.xIsx
Excel/VBA | I
_# L
output Plpttlng.py Evaluation of the data (folder Evaluation)
Generation of Diagrams
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Results

Simultaneity factor for 1 year, month, week in 15-Minutes resolution

* Fluctuating simultaneity factor over time

» Difference between weekend and weekdays

» Difference between day and night

100
100 4
M T T r\
90 - %0
B0 4 | | B0
70 4 70
B0
' (]
: n
o M \{ | 'y w 1J | 4
50
40 | q
i i i i i i i i 40
' ' ' ' ' 5 o & A 3 i, B o
o [VE) o o o A% o ﬁ*y’u ﬁ\.’u Qfs.':"' Q,\-?" Q,\."l Q,"s-:l Ak “.1,_,'3.‘: 03 0a 07 0 08
r ‘lr ‘l_r ‘lr ‘l_r ‘lr ‘!."r dl.. dlp' dl.. *l. *l.- -'l.- ‘l- ‘L-
IO T L L L -l I L L L L L L R
Time Time Time
100 HH — 1 year 100 HH — 1 month 100 HH — 1 day
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Results
Distribution and uncertainties

* Fluctuating availability 100 -
throughout the year
m -
« Median during the
weekdays: around 50% 50
» Median during the weekends 707
between 55 and 75% 5 g
« Median during the night: 50 -
around 95%
_qn -
« Higher uncertainty during - |
the days compared to the — MEd'IE'” | | | | | |
nights 0 100 200 300 400 500 600 700

Timesteps

365 days of the year 2022 represented over a period of one week
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Results
Minimum number of EVs required to provide FCR for one year

« Calculation, how many vehicles are required in a » Creation of a theoretical pool with 500 EVs by
tool to reliably provide the minimum offer size of extrapolating the simulated 100 EVs.

1.25 MW » Around 900 € per EV could be achieved,
« 521 EVs required, including a 10% buffer assuming fair distribution on all EVs.

:

:

SF
revenues [€/a]

S BEBBEES

Minimum 1.25 v ) e
MVY at 24% ‘&ﬂm"b ﬁ_ﬂsﬁ deI,ﬁ‘.t:-‘r -ﬂﬂiﬂ .ﬂﬂm"% dﬂﬂ.ﬂ -gﬂﬁ' &y
Tirme
Theoretical revenues in 2022 for 500 EVs
Minimum SF in the year 2022
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Results
Analysis of the time slices

« Improvement of the average simultaneity factor » Median increases from 60% (4h) to 71% (1h) to
and therefore the economic benefits through 73% (15mins)
reduction of the time slices « Revenues per EV per year can be increased to
*  Minimum of 1h determines the minimum of 4h 1089 € (1h) and 1140 € (15 mins)
blocks
100 1 : ﬁ 100 -Ir T T

SF

20

60

50

40

30
0-

L] == =]
M e SONOXYEREaE

—
ANAR

Hours of the day 4n 1h 15 mins
Influence of the reduction of time slices from 4h to 1h. Boxplot of the different time slices
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Results
Impact of the charging pattern

« Optimizing availability by changing the

charging pattern. 100
« Previously, the EV could not be used for -

FCR when it was charging -
* Now, intelligent charging allows this time N v

to be used as well oW
* Improvement of availability v
* Improvement of the average SF by 9%. z_

ﬂ"-gﬁ ;Tc:-*fuh: m‘*ﬂﬁl .-:ﬁ'#. lﬂ'ﬁ-ﬂw | _ﬁ"r'ﬁ'%1 ﬁ‘*ﬁar _n*ﬁ-'."ﬁ1

AU L (L L L

Tirre

Influence of implementing an intelligent charging pattern
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Results
Concept for implementation

P
nl]

technical economical
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Results
Concept for implementation

A>; %_8 )

 — - —> o> __; «O0

g+

TSO mﬁr
!

T

controller

| /N

% 4 pR— «—>

. Q N By — B —
1o ® — L

E*V wallbox meter —

Overview of a concept for the implementation with consideration of technical components and players,

and framework conditions.
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Results
Concept for implementation — technical

 Pilot projects have shown that provision of FCR through EVs is technically feasible
D

» Necessary technical components are available, and prequalification was successful in test
cases

« Simulation confirms and expands literature results: a pool of 521 EVs was theoretically able to
provide at least 1 MW throughout 2022

« SOC identified as a critical factor for offering (symmetrical) FCR

« Optimization of the potential by extending the connection time (e.g., also at work) or larger
batteries

« Challenge: Requirement, that the pool can’t be changed for 15 minutes
* Opportunity: connectivity with home storage systems

» Widespread deployment of bidirectional charging equipment and ensuring that the needs of
EV owners and VPPs are met, are the most important prerequisites
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Results
Concept for implementation — economical

- —
—
=

.-"..--.-
e
.-".-.-
A~
A A~
- i A E
=t Qs T
g —____ Money
I Carngansnd
DGO | Owner | EV wallbox meter W Fiayer
: )
Overview of a concept for the implementation with consideration of technical components and players, payment flows
and framework conditions.
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Results
Concept for implementation — legal

ET‘ « Several legal and regulatory hurdles for V2G, which is necessary for EVs providing FCR

« Implementation of smart metering systems is crucial for effective integration of flexible
consumers and generators into the grid = slow rollout so far

» Unequal treatment of stationary and mobile storage in energy apportionments, taxes and
levies = economic disadvantage for mobile storage and challenge for EVs

» Current prequalification process is not well suited for EVs

« Federal government is working on the issue and wants to improve the prequisites for V2G
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Conclusion

-

-

To what extent can private electric vehicles in Germany be used for the provision of
Frequency control reserve (FCR)?

~N

J

available but not yet available for private individuals

depend on the development of the energy market and prequalification criteria.

Germany. It is likely that these will be resolved within the next years.

Technically possible and already implemented in pilot projects, components

In the simulation, revenues of 900€ per EV were possible in 2022. Revenues

V2G, which is relevant for EVs providing FCR is still facing obstacles in
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