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AGENDA

Associated R&D projects:
° EVCI&PV EvolVE Project with RTE
* Cadarache G. Vignal
* EVCI &PV
* EV charging demand Neemo Project with MCAST

Objectives http://neemo-project.eu/

B. Azzopardi & R. Mikalauskiene
° Experimental setup

* EvolVE EVCI INES.2S
e EVs and users https://www.ines-solaire.org/ines-2s/
* Control architecture -
* User journey _ PV2e_Mobility
M. Sechilariu

° Experimental results

* Global figure
* Lessons from examples
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CEA CENTERS

Saclay-Fontenay-Aux-Roses

7500 p — 160Ha
@ Civil centers

@ Wilitary centers ’ Chambéry - INES

. 500 p —8Ha
@ INES Chambéry = o
@ Technological platforms Grenoble
3700 p — 67Ha
Toulouse Cadarache
Marcoule

1500 p — 250Ha

» 9 research centers (5 civil / 4 military)

» 8 technological platforms

« 20 181 employees (included 1 233 PhD students and 176 postdoctoral researchers)
» Budget of 5 billion euros
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CEA CADARACHE - NEAR AIX-EN-PROVENCE

1600 Ha 900ha fenced (22 km of fence)
5500 workers
480 buildings and 500 000 m2 of floor

70 Km of paved roads, 6 km of
landscaped footpath, around 5500
people / day on site

29 bus lines carrying a thousand
employees

75 km of water distribution network

Heat network

Private medium voltage distribution
power network

 63kV / 15kV substation

« 18 MV loops (85km of 15kV
underground lines)

« 3kV public lighting network

63kV / 15kV substation i g
- EVCI : 80 charging points at 22kVA “orne
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CEA CADARACHE - SOLAR R&D
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EVCI CADARACHE - CHARGING STATION

G2Mobility (now Total
EV Charge)
40 Diva (2°22kW AC)

LY
1

- 5 yald Setup mid-2016
CEA = Charging Point Operator and e-Mobility Service Provider. {@iimes

rrrrrrrrrrrrrr
EEEEEEEEEEEEEEEE

FOR 328 E PV2e_Mobility | Robisson B. — Guillemin S. — Marchadier L. — G. Vignal — Mignonac A. | 6




HD: Date/Time at the
beginning of the
session (UTC)

|Debut5essiq;nUTE

HF: Date/Time at the

beginning of the
session (UTC)

lFinSessi:::nUTC

07/06/2016 11:38
08/06/2016 06:15
08/06/2016 11:47
08/06/2016 12:02
08/06/2016 12:22
08/06/2016 12:34
08/06/2016 12:42
08/06/2016 12:59
08/06/2016 13:04

07/06/2016 13:31
08/06/2016 11:43
08/06/2016 11:52
08/06/2016 13:46
08/06/2016 17:17
08/06/2016 15:23
08/06/2016 12:57
09/06/2016 08:38
08/06/2016 13:08

FOR 328 E

!

LOG OF CHARGING SESSIONS - JUNE 2016 / MAY 2020

ID: Value of the powermeter at

Name of the

charging station (Wh)

PointdeCharge

CU-BAT1011-13CEA-3
CU-BAT1511-13CEA-3
CU-BAT1011-13CEA-3
CU-BAT1011-13CEA-3
CU-BAT1011-13CEA-2
CU-BAT1511-13CEA-3
CU-BAT8371-13CEA-2
CU-BAT8371-13CEA-2
CU-BAT8371-13CEA-6

Transaction Duration (h)=(HD — HF)

# of the user

Bagge

7490E56D
CE14EB7E
7490E56D
7490E56D
D527CEE3
85F1D2E3
6468EB6D
6468EB6D
6503DCE3

the beginning of the session

IF: Value of the
powermeter at the end of

the session
(Wh)
IndexDebut  IndgxFin TypedePrise
75873 80847 T2
74156 76878 T2
80906 81679 T2
81679 01062 T2
29009 35782 T2
76878 81364 T2
2686 3142 T2
3145 66192 T2
765 1566 T2
\ J
) 1
Unreliable

Energy Consumption (kWh)=(IF — ID )/1000
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e ::;;;\) | n e S
R } -
N
% insTTuT MaTIONAL
DE LENERGIE SOLAIRE

PV2e_Mobility | Robisson B. — Guillemin S. — Marchadier L. — G. Vignal — Mignonac A. | 7



GLOBAL STATISTICS

Period 01/06/2016 to 31/05/2020

* 17045 transactions

* Mean of energy/transaction 14.8 kWh

* Mean of the transaction duration : 12.4h
» Total energy : 253.2 MWh
 ~1500000km @17kWh/100km

7 Energy
T consumpt|qn° (kWh)

Full workday charging i.e
-start after 7h and finish before 17h the
same day

-and charge duration greater than 7h
(743 occurences (4.7%))

5 2 o
Y ARG O
] 50 Lo 0gF V880 RS o
aéboy%g & o0 Go 0%
® o Uye 090 00 89 o
9 o200 8"%0 Joﬁ &

N
el ao%egfi%gﬁf Transaction

% Durat|on (h)

Full night charging i.e
-start after 15h and finish before 9h the
following day

(430 occurrences (2.7%))
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MAX CHARGING POWER HYP. : LOAD CURVES

Total load curve (i.e. the sum of the power consumption of the EVs) during 2 weeks:

Time Series Plot:Total_Badge_ puissance_1s
I

20| Working days T e |
A
f \
= | Week end |
EE L
) RN
Hypothesis:

» the charge is carried out at constant power and this power is the maximum
charging power of the car

» the charge begins as soon as the car is connected to the charging station 4 ines
A e o,
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MAX CHARGING POWER HYP. : MEAN LOAD
CURVES PER HOUR

moyenne/max/min puissance totale Badge en kW moyennee sur 10min 2017 (Badges Fuissam:eW PCE Triee)

350 I I
moyenne annee 2017
— mlax annee 2017
ool 20”% Smart Charging e s
]

max annee 2018 =1
min annee 2018
moyenne annee 2019
max annee 2019
min annee 2019

250 —

Max _

200 —

150 —

100

Moyenne/max/min Puissance sur | annee (moyennee sur 10min)

150

8:00 local  12:00 focal
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OBJECTIVES

A
100K PVPOWGrMeaSlJr{mS‘ PVPowerForecast
i Stacked .
consumptions
60K \
40H :
20M 1 NN .
( — -
08:00 10:00 12:00 14:00 16:00 18:00
Nov 26, 2021

—> Selfproduction rate (classical definition)
= (energy consumption under green curve) / total energy consumption

However, in order to make the results independant from the PV forecast algorithm, we prefer to
maximize the following rate :

—> Selfproduction rate (our experiments)
= (energy consumption under red curve) / total energy consumption “o1Nes
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AGENDA

° EVCI &PV
* (Cadarache
* EVCI &PV
* EV charging demand
* Objectives

° Experimental setup

* EvolVE EVCI

* EVs and users

* Control architecture
* User journey

° Experimental results

* Global figure
* Lessons from examples
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Number of
| Model | Brand | BTRUE
“ Renault 163
Peugeot 43
Renault 30

Model 3 Tesla 28
Nissan 21
Renault 16
| E-Niro  EEERNE 9

e-2008 Peugeot 6
“ Volkswagen 6
Citroén 5
DL Hyunda 5
Golf-GTE Volkswagen 4
Renault 4
BLCI  Hyunda 4

FOR 328 E
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EVCI CADARACHE - EV & USERS

Type #

External companies 29

Personal 260

Service 84

Taxi 3
TOTAL= 376

3 involvement levels :

Control, information (SOC and forecast
departure time) = 75 people

No control, information = 21 people

No control, no information = 280 people
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GRID

CONTROL ARCHITECTURE

Planning

Simulation

i\

CuUser
Interface

24 out of 80 22 kW charging

points

FOR 328 E

ﬁ

Departure time
Initial SoC

Physical flows

Information flows

Solar production
forecast &
measures

U Information system
U Solar forecast & Measures
U Charge request
U Users & Vehicles
O Electrical network
Q Charging station state
O Planning
U Simulation
Q0 Key Performance Indicators

s
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USER JOURNEY

* The user connects his EV and passes his badge

» The supervision software sends an SMS inviting the user to confirm his
departure time and the SOC of his car (default values are proposed).

 The EV is supplied with a test profile.

» Scheduling and recharge are made on the basis of these data

kY Recharge de
votre vehicule.
Cliquez ci-apres
pour donner vos

preferences: Merci de modifier ou . \odifier ol
https://www.squ m confirmer vos | _ g,f Votre recharge
.ovh/eicpm/ =" préférences... . '
Stop au 36180
>
=
=

E  9p4BBB25

03/03 16:00 v 03/03/2021 16:00

[1 (@]
25% kino_one_01-1-T2 / 713
2.99 kw

100 %
0.05kWh /65 %

L J kino_one_01-1-T2 / 713

TESTEN
Notification le 03/03 a

Maodifier/Confirmer vos préférences 10:34
$ Madification le 03/03 a

Retour 1086




AGENDA

° EVCI &PV
* (Cadarache
* EVCI &PV
* EV charging demand
* Objectives

° Experimental setup

* EvolVE EVCI

* EVs and users

* Control architecture
* User journey

° Experimental results

* Global figure
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FIELD TESTS SUMMARY

* 124 days between October, 15t 2021 and February, 15t 2022

* 73 days with exploitable results
* 34 days without any EV charging stations
* 17 days with measurments/control errors

* 887 charging sessions

° 12.4 MWh ( ~14kWh/charging session)
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E}gg LESSON 1 : SELF-PRODUCTION INCREASE

19 Oct. 21 : Cloudy day

17 charging sessions (141kWh)

PV plant = 160kWc (221kWh)

Self-production rate 34% (without control) and 90% (with control)

80k

60k

40k

Power (W)

Ak

0

06:00
Oct 19, 2021

power (W)

08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
Oct 19, 2021

FOR 328 E

Without control (simulation) With control (measures)

Large increase of the self-production ratio thanks to
control Anes
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LESSON 2 : « NATURAL » SELF-PRODUCTION

« 4 Nov. 21 : Sunny day
* 9 charging sessions (165kWh)
« PV plant = 160kWc (715kWh)

« Self-production rate 83% (without control) and 97% (with control)

80k 80k
60k 60k
3 3
o 40k o 40k
5 5
20k 20k
0 0
08:00 10:00 12:00 14:00 16:00 18:00Q 06:00 08:00 10:00 12:00 14:00 16:00 18:00
Nov 4, 2021 Nov 4. 2021
Without control (simulation) With control (measures)
Some days, the self-production rate is high, even without
control U
FOR 328 E
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LESSON 3 : USERS’ BEHAVIOUR

« 21 0Oct. 21: Cloudy day

« 19 charging sessions (215kWh)

« PV plant = 160kWc (174kWh)

«  Self-production rate 39% (without control) and 60% (with control)

. 8418 / 1035 / CU-BAT831-13CEA-2-1-1
& 8417/ 1009 / CU-BAT1511-13CEA-3-1-1
. 8416/ 1042 / CU-BAT3831-13CEA-1-1-1
Tesla+Zoe uncontroled 8415/ 1029 / CU-BAT1012-13CEA-1-2-2
»” charges B414 1041 / CU-BAT3831-13CEA-1-1-1
3 8411 / 1063/ CN-BAT3511-13CEA-3-6F
v X 8409/ 1086 / CN-BAT3511-13CEA-2-T2
5 8408 / 1006 / CU-BAT1511-13CEA-5-1-1
Rk 8407/ 1011 / CU-BATIS11-13CEA4-1-1
8406 / 1085 / CN-BAT3511-13CEA-2-T2
10k 8404/ 1009 / CU-BAT1511-13CEA-2-1-1
8403 / 1008 / CU-BAT1511-13CEA-3-1-1
0 8402/ 1016 / CU-BAT1511-13CEA-6-1-1
8399 / 1031 / CU-BAT1012-13CEA-2-1-1

08:00 10:00 12:00 14:00 16:00 18:00

Oct 21, 2021

m) Users’ behaviour strongly influences the results T
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LESSON 4 : MAX POWER CONSUMPTION

Day 19 Oct. 21 .

A ™, 85kW - &

N AR
1
.. mh 40KW
LA \
| /,» | |

pojwer (W)

06:00 08:00 10:00 12:00 1400 16:00 1 06:00 08:00 L, o 1200 1400 16:00 8
Bk Without control (simulation) e With control (measures)
Day 25 Nov. 21
100k

i 00 o 10 10 160 ® 06:00 03:00 10:00 12:00 14:00 16:00

Without control (simulation) Mo With control (measures)
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Increasing self-production rate may decrease the




LESSON 5 : DELAYS

-1 Simulations - without control
xg 40k | ] //L
= 20k —\ B —~.
o == 1 \ f |~
7h40 charge8674 11h00 +3h25 14h25
. easures - with control
S50k
g 40k
g 30k j%"w
8‘ 20k ; |
10k n] ;v:SW
e B s _ | — N
06:00 08:00 10:00 12:00 14:00 16:00 18:00

Nowv 17, 2021

» Increasing self-production rate may increase drastically the charging
time (and so charging station occupancy rate), in particular when the

weather is cloudy. oNes
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100k

80k

60k

pPower (W)

4k

2k

LESSON 6 : IMPORTANCE OF MODELS

100k

Energy « loss »
ok 4

60k

e =1

40k

[T LY

20k

B0 100 120 H 160 08:00 10:00 12:00 14:00 16:00 18:0
Jan6, 2002

Setpoints — with control R Measures — with control

Gap between setpoints and charging power :

Car model

Onboard charger size

Type of connection, cable
Battery : Temperature, age, SOC
User setpoints

Etc.

» Accurate charging models are essential to improve charging control;%;;%f nes
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ol PERSPECTIVES

Follow the experiments during at least 3 months

Increase the number of controled charging stations
Increase the participants number

Integrate the participants feedback in the control algorithm
Improve the EV charging models and parameters estimation

Add Key Perfromance Indicator , for example, that estimate the state of healf of the
batteries with and without control

Improve the planning algorithm

Details on algorithm and experimental setup available at:
https://www.mdpi.com/2076-3417/12/9/4523
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Thank you for your attention

Contact : bruno.robisson@cea.fr

ettt & [T q : - ) , INES Site
Commissariat a I'énergie atomique et aux énergies alternatives Institut National de I'Energie Solai
17 rue des Martyrs | 38054 Grenoble Cedex S INEMEE] E 5 SIS LS
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73375 Le Bourget-du-Lac France
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