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Context
(DSO)
EV Energy Supplier = | 2 PV Energy Supplier
(ESEV) KY *3 (ESPV)
-y A — PV plants are solar carpots or ground |« Local »
- il - mounted PV plant near the EV charging [ py
stations
[ ! — PVO is not the CPO
Prspy Prgspy

cCsS g4||l= = || & EPV
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Exchange scheme € «— kWh
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Exchange € <~ kWh

EPV
Excess PV

ELP=PV-EPV
Exchange PV-EV

CEV CPO buys local PV energy (ELP) to the PVO
Energy consumed by EVs CPO buys Complementary Supply (CS) to the supplier ESE
PVO sells excess PV (EPV) to the supplier ESPV
SPR SelfProductionRate = ELP/CEV MeanPowerPrice = Costgpg / CEV =
SCR SelfConsumptionRate = ELP/PV (PricePV*ELP+PriceNetwork*CS)/CEV

g Sizing PV plant for charging EVs 25/05/2023 5



Problematic

Given an exchange scheme:

Given a certain target for CPO mean power price (€/kWh),
what will the PV peak power be (kWp)?

Or

Given certain PV peak power (kWh), what will be the CPO

mean power price (€/kWh)

A

Pl d Ch P&C
Prmax ug an arge ( )

»
‘

start DT end

< »
< »
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For different charging
strategies

Energy consumption E
Duration of Transaction (DT)

start end

\

A

Smart Charging (SC)

«— Solar Productior

| L
| >
start end

Algorithm detailed in a future paper
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Principe of the method &

<+——p Part Business Model
Part EV Consumption
Part PV Production

Param. <+—> Part EV Charging

Prices
Exchange scheme € «— kWh > <—> Yearly SPR

(1 — formula)
2 -formula)
Charging session History @ Yearly EV Energy Consumption = YEnergyEV
m.
Strategy
Simulate —— Yearly SPR <= YPCR=YEnergyPV/YEnergyEV

(4 —abbacus)
Param.
Location

PV Production Timeseries kWp Yearly PV Energy Production = YEnergyPV
cea Sizing PV plant for charging EVs (3 - PV Software) 25/05/2023 8




3- Method in details
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Business models

(DSO) ﬁ. Financial Transaction
EV Energy Supplier 1 PV Energy Supplier 5
(ESEV) {1 "’_. (ESPV) % , EnergyFlow
‘-’ 1 L. ........................ » Information Flow

A

Prepo-Esev BB Prpyo-Espy
€S = [ max(Pgy — Ppy, 0)dt & || & % [| £ EPV = [max(Ppy — Pyy,0)dt

p‘VQ) ﬁb
g ¢ ¢

— AL ELP= fmin(va, PEV)dt DE L

Charging Point Operator PV Plant Operator

EV= [ Py dt (CPO) (PVO) PV= | Peydt
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Business models

With hypothesis
- Fixed prices

* Pevorp= Pevoesey _PVO sells energy at the same price whatever the customer

Pevop =Pcro.Lp

> LP makes no financial margin

Then
MPP= Cost-LTpo/CEV= Pcpo.esev- SPR*(Pcpo.esev- Pepo.Lp) [Relationship 1 - formula]

Sizing PV plant for charging EVs 25/05/2023 1



EV consumption : Charging sessions

From CEA Cadarache research center :

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

HF: Date/Time at the

beginning of the
session (UTC)

| DebutSessignUTC lFinSessianTC

Transaction Duration (h)=(HD — HF)

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

EVCI of 81 charging points (30 stations) at 22kVA

ID: Value of the powermeter at

Name of the
charging station

PointdeGharge

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
J

Sizing PV plant for charging EVs

# of the user

the beginning of the session
(Wh)

IF: Value of the
powermeter at the end of

the session
(Wh)

BaLge IndexDebut InﬁLxFin

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

75873 30847
74156 76878
80906 81679
81679 91062
29009 35782
76878 81364
2686 3142

3145 66192

765 1566

\ J
|

Energy Consumption (kWh)=(IF — ID )/1000

25/05/2023
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EV consumption : Charging sessions

From 1st June 2016 to 31th August 2022

« 32014 transactions

* Mean of energy/transaction 17.22 kWh
* Mean of the transaction duration : 11.3h
» Total energy : 551 MWh

[ ] start transaction (h)
[ 1End transaction (h)

2500

2000

1500

1000

Number of transactions

500

5 10 15 20
Local time (h)
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EV consumption : Charging sessions

o0 K\Wh Pre-covid

| | 1
I date versus EnergyWi y period period1 .
I cate versus EnergyWithdrawnKWhmonthly period period ovid N F I rSt IOCk-d OWn
I cate versus EnergyWithdrawnKWhmonthly period period, TW
I date versus EnergyWithdrawnKWhmonthly period period ew H yb rl d WO rkl n g
e date versus EnergyWithdrawnKWhmonthly period period, olidays
L i Post-covid
1.5 — —
1 —
0.5 —
0

2017 2018 2019 2020 2021 2022
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EV consumption : Charging sessions

4
g5 200

monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh period Period1
monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh period Period2

o

» Pre-covid

o O

monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh period Period2

» First lock-down

monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh period Period3

Hybrid working

2| - monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh period Holiday
- Approx monthlyNumberOfActiveBadges versus monthlyPowerConsumptionKWh

» Post-covid

» Monthly Power Consumption
=100*#EV (in KWh)

— Yearly EV Energy Consumption
=YEnergyEV
=12*100*#EV (in kWh)

&
=
E Yo
‘5 1.5 o 5
a
(=
pm |
2
[e]
o |l o
: 0 °
o &p. ! %0
> - ©
£ : ? 0 = o}
c (o}
5} o
=051 ° g
0
‘ o
-2 | | l | l S | | | |
0 20 40 60 80 100 120 140 160 180

#EV Number of active badges

200 [Relationship 2 - Formula]

A badge is said to be “active” from its first connexion to the EVSE to its last connexion.

Sizing PV plant for charging EVSThe number of active badge is computed for charging session hlstO{%S/2023
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PV production : Timeseries W

French PV production forecast (D-day at 8 o’clock, step 1 hour) from
https://www.services-rte.com/fr/telechargez-les-donnees-publiees-par-rte.html?category=generation&type=forecasts&subType=SOLAR

’——* Yearly normalization —l

1 lime Series Plot:PreviFvJ

12000 17 T T T T T I | I

—— Prevision PV en J-1 (en MW) pour tolal de 83,28 TWh | { ‘ il

——— Programme PV en J (en MW) pour total de 86.00 TWh | \ " [ i 7Fure!PVD»Day(mkW] |

l

=3
©

=
@

=
<

g
2

o
a

2
8

evision de production PV en MW
=
ES

g

Forecast of PV Production PV in kW
o =)
w w

=
[

2000

S,

=)

i |
01-Jan-201500:00:00  01-Jan-2016.00:00:00  01-Jan-2017 00:00:00  01-Jan-2018 00:00:00  01-Jan-201900:00:00  01-Jan-2020 00:00:00  01-Jan-2021 00:00:00  01-Jan-2022 00:00:00 01-Jan-2016 00:00:00 01-Jan-2018 00:00:00 01-Jan-2020 00:00:00 01-Jan-2022 00:00:00
Date

4GWp > 10GWp

A

»
»

1kWp
Hypothesis : PV forecast = PV production

@ Sizing PV plant for charging EVs 25/05/2023 16



PV production: Yearly production

Case 1 (with timeseries):

WW

Integrate the power over a year : Location Cadarache <" Yearly PV Energy Production
=YEnergyPV ~ 1700*kWp (in kWh)

Case 2 (without timeseries) : YEnergyPV ~ 1600*kKWp (in KWh)

Use a « solar atlas » (or PVGIS) : Location Lisbon

GLOBAL SOLAR ATLAS Seafchlm:.'stions— Map  Sites v

GLOBAL WIND ATLAS | ENERGYDATA.INFO

PVstudy Download Aboutw Contact

e}

site Map data Per year ~
n C) Specific photovoltaic power PVO,UT 1626.6 KkWh/kwp *
output specific
Area
n Direct normal irradiation DNI 1911.3 kWh/m? ™
Global horizontal irradiation GHI 1728.9 kWh/m? ™~
v Diffuse horizontal irradiation DIF 597.5 kwWh/m?~
Region . i e
Glo_bal tilted irradiation at GTlopta 10841 KWh/m? ™
@ optimum angle
Optimum tilt of PV modules OPTA 337180 -
Distance
v Air temperature TEMP 161 C~
Terrain elevation ELE 92 m~

(BEJAN

«a if
5y Show sites

CHOOSE PV SYSTEM TO CALCULATE ENERGY YIELD

30 km
20 mi

@ Sizing PV plant for charging EVs

Satellite € Pvout

@ WORLD BANKGROUP ESMAP

-
Leaflet | PVOUT map © 2023 Solarais, © OpenStreetMap

Terms of use

[Relationship 3 - Software]

25/05/2023 17
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EV charging

_-

200 :
PV Production -75kWc
EV Consumption Case PlugAndCharge - 75 kWc| |

Cha rging SeSSion H iStory L EV Consumption Case MeanPower - 75 kWc

6 yea rs periOd EV Consumption Case SmartCharging - 75 kWc |

Simulate for [PlugAndCharge;
MeanPower ; SmartCharging]

1 S
wl L
20 - = .

Compute a X kWp PV plant timeserie with 0= =, — = :
. 11-Jul-2018 00:00:00 11-Jul-2018 06:00:00 11-Jul-2018 12:00:00 11-Jul-2018 18:00:00 12-Jul-2018 00:00:00
Xin Date (UTC)

[0,1,25,50,75,100,125,150,175,200,300,700,  Simulation results for a 75kWp PV production

-
[+2]
o

Power (kW)
g 8 B 3

|

1
|

1000,5000, 12000] (kWp)
l KPI
/ KPI PC MP SC
Self-Consumption Rate (%) 31 62 69
PV Production Timeseries Self-Production rate (%) 49 89 100
Cost-LTcro (€) 55 47 (-15%) 44 (-16%)

Sizing PV plant for charging EVs KPI calculated on 11/07/2018 25/05/2023 18
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EV charging

From PV Production and

l [relationship 4 - Abbacus]

EVConsumption,
compute 1r
PCR= 0.9F
EnergyPV/EnergyEV Bl
Compute 2
Borr
SPR 5
A . PV Production -75kWc 1 g- 06
| | EVC tion Case PlugAndCharge - 75 kWe| | .
semmoeimeie . (SelfProductionRatio) ¢
| EV Consumption Case SmanChan_gmg -75 kWe | . 05+
L for all Strategies and
140 1 | 2
sl ~ for all the kWp go4r
= j=
&= o
g 10r 1 Ove r th e 6-yea rS % 03 O strategy= PlugAndCharge, kpi=SelfProductionRate v RatioProdConsumption, s mean over the years=012345
£ 8- ] . 0 O strategy= PMoy, kpi=SelfProductionRate v RatioProdConsumption, s mean over the years =012 345
e pe rl Od 02 strategy= SmartCharging, kpi=SelfProductionRate v RatioProdConsumption, s mean over the years =0 12345
80 — | 1 >
ol = —1h . 01
r " — it 1 ! I I I I ! | \ I
= = i Lol =T ) 0 05 1 15 2 25 3 35 4 45
11-Jul-2018.00:00:00  11-Ju-201806:00:00  11-Jul-2018 12:00:00  11-Jul-2018 18:00:00  12-Jul-2018 00:00:00 PVProductionIAnnuaIEVConsumption (no units)

Date (UTC) l

Considere this relationship SPR/ ratio as the yearly reference:

YEnergyRatio=YEnergyPV/YEnergyEV <= Yearly SPR

Sizing PV plant for charging EVs 25/05/2023 19
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Application the method for sizing PV

Example of (fixed) prices 2023: ' Value

Interaction Nomenclature (€/MWh) Composition
PVO — LP Beeecan 100 80 for E‘};’;ng » 20 for

PVO — ESPV Pregspy 100 100 Energy
CPO - LP Prepo-rp 100 100 Energy

CPO — ESEV Prcpy ? 0 85 Energy, 35 Tax,

(Long-term Fixed Price) 50 Transportation

HypotheS|s 2030 :
» Self-Consumption business model

» Energy prices 2022 = Energy prices 2030.
« CPO Target MPP = 120€/MWh
» CPO estimates an increase of 100 new active badges / year — #EV = 1000
» Charging session statistics will be similar :

« Unchanged EVCI and EV characteristics

« No change in working time and user behaviour (same start and end of transaction

statistics)
* No congestion in charging stations

Sizing PV plant for charging EVs 25/05/2023 21



Application the method for sizing PV

PLTcpo-esev=170
Pcpo.p=100

@ » SPR= ( PLTcpo-esev-MPP) / ( PLTcpoesev-Popo.p)=70% —
(1 — formula)

(2 -formula)

HEV=1000 YEnergyEV= 12*100*1000=1200000 kWh

/

PlugAndCharge
YPCRatio=4 if PlugAndCharge MeanPower.
YPCRatio=2.5 if MeanPower SmartCharging

<

YPCRatio=1.5 if SmartCharging

Location\‘

MWp=3 if PlugAndCharge ~ Cadarache

MWp=1.8 if MeanPower
MWp=0.9 if SmartCharging

(3 — PV software)

Sizing PV plant for charging EVs

ir

WW

YEnergyPV=4.8GWh if PlugAndCharge
YEnergyPV=3.0GWh if MeanPower
YEnergyPV=1.5GWh if SmartCharging

. (4 —abbacus)
08+ ‘ 8
= |
@. o e — — — — .|_ [
5 1
3 |
=06
3
e
= 0.5
el
°
= 04
g
03 i ‘ 3
T O strategy= PlugAndCharge, kpi=SeliProductionRate v RatioProdConsumption, s mean over the years =01234 5
0 strategy= ‘PMoy‘ kpi=SelfProductionRate w:RalichdC()nsumption, s mean over the years fO 12345
0.2 stralegy= SmartCharging, kpi=SelfProductionRate v RatioProdC ption, s mean over fhe years =0 12345
| II 1 Il | | 'J
0 05 15 2 25 3 35 4 45
AnnuglPVProduction/AnnualEVConsumption (no units)
(@)] — o
= 0 o
(@] = ©
s ¢ .
5 = =
O © c
= () <
o = o)
=
=
wn o
25/05/2023 22
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Conclusion and persectives

We propose a method either to size a PV plant or to estimate Mean Power Price in the case of self consumption
scheme. This method is modular :
* Relationship 1 : Yearly Self Production Ratio < Mean Power Price
» Depends on the business model
* Relationship 2 : #EV < Yearly EV Energy Consumption
» Could be estimated from own charging session history
» Relationship 3 : Peak Power < Yearly PV Energy Production
» Could easily obtained from the internet
« Relationship 4 : Yearly Self Production Ratio < Yearly PV Energy Production / Yearly EV Energy Consumption
« Either Use abbacus is similar charging demand statistics
« Or simulations can be performed with rather simple tools (such as Matlab or Python). need
« Charging session history
» Timeseries of PV production (could easily obtained from the internet)
In our simple sizing example, smart charging reduces by a factor 3 the size of the PV plant necessary to reach a
given Mean Power Price.

Perpectives:
« Compute other KPI to compare the different strategies
« Impact on PV forecast : distinction between forecast and production

Sizing PV plant for charging EVs 25/05/2023 24
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