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Specifications

=) Build a demonstrator of an autonomous charging station for light electric vehicles, based on
renewable energy.

Demand

» The demonstrator would be placed at « cité scientifique » Campus.
» The charging station is completely off-grid.

« The energy needed is provided solely by photovolatic panels.

» Docking for 3 e-bikes or equivalent.

 Room for 2 m? of PV panels.



Synoptic of the demonstrator

The demonstrator is flexible in terms of sizing, usage and placement and can be extended to fulfill
different objectives for different projects.

Photovoltaic

panels e-Bikes
aga Battery bench

1 p— =5
S8s 8 rl

e8s & Control | RN - v | § &

1 e I% B . DC g1 C}XE)
eS8 88 e

et =S Converter Converter Q

Ses S88 !

SEs S88 T

ess =88
Flexible surface Adapted storage Multiusage system

O



CUMIN - SAMI

https [lcumin.univ-lille.fr/

\\\'I '7

“\\\um

Lu_ Université
de Lille

I’l




System sizing

 Interface tool developed with MATLAB GUI (Graphical User Interface)

 Based on the PVGIS satellite database

(4] MATLAB App - m] x
Energy Profile Load Creation Tool
. . . Simulation Inputs
Daily charging profile Rogion Data Solar Pansis Optimization —
\ Region |[Lille-Center v |  Latlon | 50628 3060 Power (Wp) No of Panels Losses(%) El Fix | Battery Cap Period | Year v
4 MATLAB App PV Siope [°): o :\r’ Alzgnyml:.:j,: = T ) Month 1= v
Energy Profile  LoaNgreation Tool (South Oriented) {West Oriented) Panel Technology | (c-Si)
Load Profile Visualization Load List HetiicHie iaatd LVGISSARALS G l Solar Generation
q enerate
[ ]Upload Outside Data Battery ‘ Solution AL Hataisae
Ecadlnputs File Name: Upload Capacity (Ah) Initial SOC (%) V] Load Demand
Type of Charger | Compact 24 Bike Battery Residual Power W) | 0| | ? | Graphic =
= N Period |Da ) Year Profile
Load Profile Equivalence for the Montl ‘ y Load Proflle ;
Month an v Generation
Day |Mon v
Load Graphic
Monday
150 — g
[ Q
L o
(2]
100~
s L
50|~
r Months
: Mean Production (W) 127.4 Max Production (W) 403 Min Production (W) 0.009
P P R R T ERE T R N TR RN SR F T P R R ST FE N FEE T R T SRR S AR SR
0 1 2 2 4 5 [} 7 2 ] 0 12 13 14 15 16 17 18 19 20 21 2 23
Time(h)
NAW=/=
aboratoire d'électrotechnigue e
Reset Avout Y\ iors steammmton
Crasred by Lauro Farreirs 2022
Reset About




Interface usage

Simulation Inputs

— Load Profile creation tool
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Simulation results

« Location - University of Lille, Cité Scientifique

« Battery Capacity - 100Ah, 12V \\ PV Panel Power - 2 x 225W
» Load Profile (Workday) - 3 bikes charging from 9 am to 6 pm with 66% of

SOC
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Simulation of energy flow

» Energetic Macroscopic Representation (EMR)

* Simulation on Matlab-Simulink ©

©
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Energy conversion system

The prototype of the energy conversion system
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Final prototype
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Example : measurements ofjuly 21st 2022 (cloudy sky)
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Peaks of sunlight during the
day

The SoC stays between 55-
50% thanks to the strategy
used

The SoC is lower than 60%
—> one vehicle charging at a
time

The voltage is related to the
state of charge
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CONTEXT & MOTIVATIONS

Much less installed photovoltaic capacities in Hauts-de-France as compared
to other regions and countries (Belgium and Germany)

France

Hauts-de-France (2019)

10,3 % (55,5 TWh) . 3 E Thermique 19 %

_~ Eolien
6,3 % (34,1 TWh)

79,8 % (428,8 TWh)

H Hydraulique O % h

/
-

537,7 TWh ]
produits en France | ) y
en 2019 / ’ ~ \ Eolien 18 %
\ 2.2% (11,6 TWh)) o
] 3 N / Nucléaire 61% D \ : / C Solaire rochey 0,4 %

1.4% (7,7 TWh) : g
20,2 % (108,9 TWh) Bioénergies 2 %

Part des renouvelables dans la production frangaise d’électricité en 2019 *Valeurs arrondies
(Sites de production raccordés au réseau)
Source RTE - bilan électrique 2019 © EDF

rate of PV production in 2020

France: 3%
Belgium: 4% E.U.: 5%
ngm Germany: 8%




CONTEXT & MOTIVATIONS

Much less installed photovoltaic capacities in Hauts-de-France as compared
to other regions and countries (Belgium and Germany)

despite :
a regional dynamism a not so weak solar potential

PHOTOVOLTAIC POWER PRODUCTION EUROPE

CORE PV potential of ~ 1100 kWh/kWp

I_l
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ACCELERATEUR
DE LECO-TRANSITION

... For sure, there is a challenge,
a need to optimize the exploitation
of the solar resource in HAF ...




MOTIVATIONS & QUESTIONS

* Climatology of the solar resource, understanding of intra- and inter-annual
variabilities, its spatio-temporal variability

* Partition of solar energy between clear sun and cloudy moments, direct and
diffuse radiation fields

* Sensitivity of solar energy to the atmospheric content

* Quantify the Direct Radiative Effect (DRE) of aerosols and clouds

* Accuracy of satellite based products (atm. content, surface solar irradiance)

Estimation of the solar irradiance on tilted surfaces
Solar and atmospheric environment in the future?

Efficiency or load factor of photovoltaic systems under real working conditions:
actual values (compared with reference), dependence?
Forecast of surface solar irradiance and PV power
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MOTIVATIONS & QUESTIONS

* Climatology of the solar resource, understanding of intra- and inter-annual
variabilities, its spatio-temporal variability XX

* Partition of solar energy between clear sun and cloudy moments, direct and
diffuse radiation fields XX

* Sensitivity of solar energy to the atmospheric content XX

* Quantify the Direct Radiative Effect (DRE) of aerosolsyand clouds

* Accuracy of satellite based products (atm. content, surface solar irradiance) X

PhD thesis
Estimation of the solar irradiance on tilted surfaces X of G. Chesnoiu™

(2020-2023)
Solar and atmospheric environment in the future? Work in progress

Efficiency or load factor of photovoltaic systems under real working conditions:
actual values (compared with reference), dependence?
Forecast of surface solar irradiance and PV power
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RESEARCH ACTIVITIES AT LOA

* Study of atmospheric components and their interactions with solar and
terrestrial radiation fields

* Expertise in radiative transfer modelling and simulation

* Expertise in airborne and spaceborne remote sensing

* Expertise in ground based measurement and remote sensing (photometry,
lidar, radiometer, spectrometer) to characterize aerosols, water vapor, clouds

SOME OF IT FOCUSE ON SOLAR RADIATION

* Ground based measurements of surface solar irradiance since 2009
* Developments since 2015 :

* 3L3, 1 M1, 3 M2 internships

* A phD thesis (3" year) financed by Region HdF and ADEME

* Some accompanying grants (LEFE/INSU), CPER Climibio

* Acquisition of new instruments ((spectro)radiometer, sky imager) and

development of modelling tools
* Collaboration with HYGEQOS (Lille, Euratech), CNRM, with CUMIN (2022
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ATOLL measurements

Use of a unique data set for the Hauts-de-France region of coincident aerosol and radiation measurements from the
ATOLL platform in Lille over the period 2010-2020. AEROSOLS

- Photometer CIMEL AERONET/PHOTONS
- Aerosol Optical Depth (AOD) and Angstrom Exponent (AE) in
: Clear-sun conditions
"13 - Inversions of the size distribution and absorption properties of

| Sl - Mg ) SOLAR ENVIRONMENT

emeterc S SR P hotometers g
Fluxmeters ‘L--:: i‘_‘"’?-" b= , == - Kipp & Zonen fluxmeters (since 2009) — 1-min resolution
‘v y S Y —: e : s ‘ \ [ .
I “,rﬁ L #_ fj R Rt et ¢ Pyrheliometer (CH1) Pyranometer (CMP 22)
View of the instrumental platform ATOLL (Atmospheric Observations in Lille) l

Direct incident radiation, DNI Diffuse irradiance, DHI
located on the roof of the P5 building of the University of Lille, Villeneuve d’Ascq,

campus Cité scientifique. Beam horizontal irradiance

Additional measurements: (BHI) = cos(©s)*DNI
* Sky imager since 2009 ) .
« Surface concentrations (PM,, et PM, ., ATMO-HdF) and chimical composition -> Global irradiance, GHI = BHI + DHI

of NR-PM, by an ACSM (SO4, NO3, NH4, Org) and aethalometer (BC)
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* Climatology of the solar resource, understanding of intra- and inter-annual
variabilities, its spatio-temporal variability
* Partition of solar energy, occurence of clear/cloudy situations

Year-to-year variability

Sky state Measured irradiances Aerosol type
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Clear-sun detection using Battles et al. (2000) :
- 33% of situations on average although they produce 54% of the
total energy received in a year and 84% of the direct energy
"""‘""—-‘-"- Clear-sky detection using a revised algorithm from Garcia et al. (2014) :
. - 11% of situations on average over 2010-2020




* Climatology of the solar resource, understanding of intra- and inter-annual
variabilities, its spatio-temporal variability

Use of the atmospheric model

ALADIN-climat from and in
collaboration with CNRM

g o EDm.f (Centre National de la Recherche

@ @ BRUXELLES  Colagne MétéorOIOgie,TOUIOUSG)
(12km, 1 hour)

Rotterdamm (}
Londres

[ ]
Luxembourg

As a regional model
As a climate model (horizon : 2100)

(radiation, clouds, particle pollution)
PhD thesis of G. Chesnoiu (2020-2023)
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MOTIVATIONS & QUESTIONS

* Efficiency or load factor of photovoltaic systems under real working conditions:
actual values (compared with reference), dependence?




MOTIVATIONS & QUESTIONS

* Efficiency or load factor of photovoltaic systems under real working conditions:
actual values (compared with reference), dependence?

* Measurements of outdoor PV (I, U) characteristic curve
+ * (I,U) measurement instrument : ongoing
* Acquisition of PV modules : done
to be incorporated in the ATOLL platform : to come
* Measurements of SSI and its spectral content

* Cross analysis
* Simulation tool :/ Simulation of the solar irradiance
+

Spectral response of the PV module
+

\ Simulation of the PV ele_c_:f;ric response_
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M OT IVAT I O N S & Q U ESTI O N S Horizontal\ spectral irradiance 20230302_1200 all abs

Total measur.

* Efficiency or load factor of photovoltaic systen i, Dircet measur

Diffus measur.

actual values (compared with reference), dept N M || T e

—— Direct sim.

—— Diffus sim.

* Measurements of outdoor PV (I, U) characte
+ * (I,U) measurement instrument :
* Acquisition of PV modules :

800
Wavelength (nanometer)

* Cross analysis
* Simulation tool :/ Simulation of the solar irradiance
+

Spectral response of the PV module
+

Simulation of the PV electric response
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* Climatology of the solar resource, its spatio-temporal variability

_ : Global Horizontal irradiance
Aerosol AOD over 2010-2020 in Spring over 2010-2020 in Spring — Clear Sky

AOD [550nm]

= — GHI (W/m?)
T RO '0.20 i ‘ o [

GHI (W/m?)

Global Horizontal irradiance
over 2010-2020 in Spring - All Sky
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