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Goals and Partners

Goals

= Use of demand flexibility of electric vehicles via swarm-based charge management for private and commercial customers
= Optimized operating strategies for EV fleets, especially considering spontaneous bookings for the vehicle fleet
» Technical and economical assessment of grid support by EVs

= Analysis of the impact of socioeconomic framework conditions in Germany, Europe and worldwide on providers of electric mobility and
smart grid solutions

Project partners
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Application and research scenarios

high voltage
= = Information

— electricity

medium voltage

low voltage Private and commercial

customers

Distributed charge management Central charge management of
of electric vehicles fleets
Quantification and use of charge flexibility of EVs when used by private, commercial and industrial customers
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Bridging!IT CarMedialLab Ametras Bridging!IT

AP 100 swarm-based AP 200 Fleet charge
charge management management

F/I
. . . . AP 600
AP 500 H AP 300 Potentials for grid support through micro grids Project
Socio- Management
economic
framework
conditions

T + 3

Energy4U
ﬁ AP 400 ICT services for integrated systems
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swarm-based charging management with observer / controller architecture

Depature
08:30h

Distance
50km

-  Current time

) Sgacge - Time of departure
- Planned route
| = urgency quotient
Intra agent architecture - Charging signal /
current
- Min SOC

Inter agent architecture

Source: Schmeck et al., 2011, Adaptivity and Self-organisation in Organic Computing Systems
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The coordination takes place according to the "Least Laxity First" principle

Online Scheduling with adujusted ,Least Laxity" (LLF) procedure:

Remaining time until next driving For SOC < Target SOC
Required charging time for target SOC

Priority Quotient(DQ) = -

_ Battery Capacity - T ;
SOC—Target SOC or SOC > Target SOC

Schematic communication process

Agent sort 2 lists Utilities send EVs with
(generartion, »System-Go" to »System-Go" or
demand) and the respective emergency
deistribute the EV to start charging start to

EVs charging charge

utilities report EVs report
generation of the charging demand

next interval to and DQ to the
agent agent

See: Dertouzos & Mok, 1989, Multiprocessor Online Scheduling of Hard-Real Time Tasks
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Extension of the process by architectural alternatives

Architectural Alternatives for the Reduction of Process Complexity

Base Procedure Disjoint Pools (ADP) Hierarchical Communication (AHK)
} E ) “‘
~ a™ n a® a a2 ® g aa“ L3
o b, W g b bt o W o ol
*
VK, = I’Kc:;rzdwﬁtm VK o = 4+ NE‘E—EHW + [N Ha:{:afm-'-z Ner ]

Sven Lierzer | BridgingIT GmbH | IMEI: Assessing Centralized and Decentralized Grid Integration of EVs



WP 100

Communication Standards & Architecture Diagram

Communication Standards
. Vehicle 2 vehicle: GNUNet, M2M,
MQTT, OCPP1.6

. Vehicle 2 infrastructure:
OCPP1.5, OCPP1.6, ISO15118
PRE/FDIS/IS, SAE 12847-2, SAE
J1772/IEC 61851, DIN 70121,
HomePlug Green PHY, HomePlug
AV

Necessary HW adjustments

. Flea3/3G, Flea3 EVSE, PLC
Adapter Box, PLC/WLAN
Interface Board
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ENV

MQTT (ISO/IEC
PRF 20922)&
project-specific
extensions

>
1"M'Lmr Charging

MQTT (ISO/IEC
PRF 20922)&
project-specific
extensions

UNLIMITED Station

ISO 15188
61851
S
: ; SAE 12847-2

MQTT (ISO/IEC PRF
20922)

ISO 15188

11772
SAE 12847-2
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Scenario description

Charging and load management at the industrial location
= Local energy generation (solar, buffer storage)

= Energy grid provider

» Industrial equipment

= Company’s EV fleet and staff’s EVs

/
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Goals of the algorithms

2 o =2
0 c o)
€E |ss5| & | | £
2138 8| 5| 3
. [ [¢0) —+= -9 . .
Algorithm S \13a| 2| %3 | % Description
S |og| © o Ko
S lasl 588
a m 9
NonBalanced Plug-in and immediate charging to SOC 100%
ChargelLate Charging directly before departure (only as much as needed for the journey)
Limit Preventing an overload / triggering of a fuse including the large consumer in the
industrial compound
DynLa Maximize the use of renewable energies
NightBalanced gﬁ:ﬁ%as much as possible via solar and night power, as well as charge-peak
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Which algorithm performed best?

possible bookings of 9200 bookings

pynias 22
pynta 11
pyntassc

0,0% 20,0% 40,0% 60,0% 80,0% 100,0%

120,0%
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Coverage by solar energy
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Comparison of central and swarm bases charge management

Scenario
N pousenolde 400 thEIPv/ RE 50 % | SOC 03 kWh
Ota
N gy 400 | RE torar/ RE 100 % | P, ... 3.6 kW
total, needed !
. 15 kWh
N RE generation 100 SOC |n|t 66 0/0 V i 100 kn<
With peak shaving (DQ i+ = 5, charging permission for lowest 7% of EVs

Quantitative comparison of swarm-based heuristics with central optimization

Method of % renewable : : :
coordination energies POVWET comaumsiten, e Process Complexity Solution quality
Uncoordinated 63,04 % 604 kW 0 78,50 %
Base procedure 79,16 % 331 kW 1005 98,57 %
R Comn:'ﬁlac;‘g‘éﬁaé AHK) 78,68 % 428 kW 116 97,97% | swarm-based
> heuristics
Disjoint Pools (ADP) 69,91 % 465 kW 105 87,05 %
Central optimization 69,53 % 512 kW - 100 %
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Networking neighbouring micro grids
Micro Smart Grid 3

Distribution Grid

Micro Smart Grid 1
Micro Smart Grid 2

' ™
| /-
WH1 —[ —
= ]
i ()
: - | [ ] |
' ™
| /- p————
WH?2 —[ —
"Mn
O .
\ 1 Smart Grid S
~ B
e — — &8 @
WH3 — -
t —_—
Ol )
- S —
Sven Lierzer | BridgingIT GmbH | IMEI: Assessing Centralized and Decentralized Grid Integration of EVs




i — 30
WP 400 WLV —

Scenario: In-Car Advertising

= Advertising in the vehicle by route
= Personalization via customer profile
= Display of restaurants or shops on the route

= Combination with discount vouchers

Cinema
eCafé

E Charging Station

= 8.

; { 1—'54 i K<: ;

2

i mPharmacy
_, £ I
-Plzzena
=a gRestaurant
7 Supermarket
e T T S, > Theater
pa Wrsnaarvics - > ® 2013 CgA oo’ UST0%. Dooghe < = ooy Wes
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Mobile application for capturing user preferences

= wmanli iLoad
- - iLoad - iLoad ILoad L iLoad
Persoénliche Daten .
Ladestationssuche ° Ladevorgang starten Statistiken
1 3 1
User Id 100 -
& «" Q Search 1. Ankunft 12116
Hame Krimmiing Mitsubishi m
S w i i K ? debids
Mannheim ann planen sie anzukommen ‘ iMiev
\amame Marca 11 Februar.2016 [
11 Februar 2016 |+ /° max, Reichw: 94km
inf
Stralte Tatwrsal 123 a7:04 (€] Ladestand: 0 KwH
23:03
PLZ 123 ; :
" GewlUnschie Reichwelte
Abfahrt 2. Abfahrt
oan IAanah \
nanem 12 Februar 2016 / wann wollen sie abfahren? 100 I -
P . Ladestrategie
p— 11 Februar. 2016 ™ .
¥ B 1.0 KwH 11.0 KwH
Kundgrdatan andsm v | Belchweite 76 km st 15:04 [
mwu b,
PVOU’DQM“ LUOW'OSO\‘ Ladestrategie ’
o5 o o -

0 27 °0
cO00 Yo
Obtain customer© Search for preferences (by (according to

data charging stations form, interview or recommended
graphical) charging strategy)

Capture user Start charging

O
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EV user flexibility process

. Control of
labeling R flexibility
—> compensation * flexibility
—> LM participant statistics preferences
/ LM App energy P activities
0se®
/ m Individual flexibility Aggregated flexibility m
B
< e @ o o o o 0 0 o o Obtaining flexibility e e o o %9 e o o o 0 0 < Demand of flexibility P
%/ aggregator < Transmission of loads =
®
= -2 )
grid operator
customer ©
O
&
&
\/1, )
<,
smart grid
EV Charging

station
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CPS architecture

. . Vehicle Power Charge :

Data Access Point Manager

Cyber-
Physical-

System Chargi
: : ging
Physical Layer Grid Station EV
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Thank you
for your attention!

Contact Details

Sven Lierzer

Senior Consultant

Innovation,
Technology &

Trends

sven lierzer@bridging-it.de
+4Q 151 52 669 522
BridginglT GmbH
Marienstral3e 17

70178 Stuttgart
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