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Radiative measurement locations at SIRTA
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PHOTOVOLTAIC CHARACTERIZATION -

QOutdoor PV characterisation test bench

uc-Si/a-Si tandem CIS P SOLAR| CdTe .

P = 128 W Prnpp = 150 W €' rrontier Propp =825 W e
n=95% SHAIRP?||n=12,2% n=11,4% First Solar.
Thin film technology Thin film technology Thin film technology

C-Si a-Si triple junction *‘I’_'I’ELP HIT

Prpp = 250 W e Popp = 144 W Poay =240 W

n=15% om | (n=67% UNSGLAR ||q=19% Panasonic
15t generation Thin film technology Best PV efficiency
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et de la demande

SITE INSTRUMENTAL DI I
PAR TELEDETECTION ATMOSPHERIQUE
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et de la demande . , L ,
Micro réseaux ilotés ou raccordés

Zone éloignée du réseau 100% autoconsommation et autoproduction
Equilibrage réseau :
* Minimiser I'impact pour une injection massive d’ENR
e Contribuer a la stabilisation
Trading ?

Battery Charge and Discharge on 20160720

PV (18.6 kWh)
4 —— Consumption (22.1 kWh)
fffff Charge (4.0 kWh)
----- Discharge (-7.5 kWh)
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sIRTA Evaluation of Day-ahead §

. . ’ Limsi e
Numerical —— Solar Irradiance Forecasts (~o - wap
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INTRODUCTION AND OBJECTIVES RESULTS

Global Herizontal Irradiance (GHI) is the amount of — —

solar radiation that reaches the surface of the Earth. |‘“ ‘ e
-
-

[ | ——
Il« e
The forecast of solar irradiance has an importance in i i‘_ |
predicting the amount of energy potentially 1
genereated in solar photovoltaic (PV) installations. - | I
- — — — — — - —
-

™
e e e
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GHI Estimation

GHI measurement

The purposes of this research are to:
— compare different forecast model performances, s
R G G Gl i ey Relative RMSE graphes labwe);shmf that the forecasts of ‘D’s have tendency

to have less error than that of ‘D+1's, meaning that the day-ahead forecasts

to the forecast accuracy, and
— acquire prerequlsl:ew'knawledges to improve perform better with the up-to-date data. ‘D#1's and ‘D’s differ by 12 hours.

forecast models by observing the uncertainty
quantities based on different types of days.

Seasonal graphes show that the relative errors are the highest in the spring.
Considering the solar irradiance is the highest in the summer, it is inferable
that the primary reason of errors is not the position of the sun.

Arpege model shows better performance than Arome in general, except in
METHODOLOGY the Winter and Clear days. The two day-ahead forecast models show that
the ensemble model of them might result in the improvement of forecasts.

* The ground-based GHI measurement is from SIRTA.
(48.7132N and 2.2082E) .

Arome and Arpege of Météo France are the forecasts.

— Arome 1 and Arome 2 stand for two different grid points
next to each other.

— Models named with ‘D+1" are calculated at 12 UTC on the

Output PV power e | . ; o

One-hour resolution data are acquired over the
period of one year, from December 1st, 2015 to

November 30th, 2016. CONCLUSION
ed i ed * Matching with the objectives of the research,
.
Pe:lstenoe Hecs) :{;h on a:;gg:;j va uehs 15;5 — Inday-ahead forecasts, up-to-date data are one of the core competencies
0 B sl e e iyl in predicting with higher accuracy.

forecasts. Regarding comparision, root mean square
error (RMSE) and mean bias error (MBE) are

considered in relative manner as following: — Arpege performs better than Arome not always, but in general. Especially

in the winter and the clear days, Arome showed better performance.

E n e rgy Sto ra ge CO n S u m pt i 0 n - J:‘im-"mi "‘"i%"‘“"“" o — The forecast uncertainty does not primarily rely on the position of the

s, e,
B e O sun. It would rely on what is in between the Sun and the GHI instrument.

* For different types of days, days with clear sky index
[= %1 /% 1) of more than 0.7 are defined as clear days,
more than 0.4 are variable and the others are cloudy. RESEARCH TRAJECTORY
Examples of each type of the days are as following :

* The evaluation metrics of RMSE and MBE do not convey a measure of the
variability of the time-series for the solar irradiance data. Thus, the studies
will further focus on:

First, evaluation of day-ahead time-series solar irradiance uncertainty.
Second, improvements of day-ahead forecast models using Statistics.

GHI: Global horizontal irradiance
POA: Plane of array irradiance ACKNOWLEDGEMENT
Tp : Panel temperature e e e T o s peN




Ftudes en cours

LES MICRO-CLIMATS SUR L'ILE DE LA REUNION
- QUELS ENJEUX POUR LA
PRODUCTION PHOTOVOLTAIQUE ?

Marko Pavlov'?, Jordi Badesa!, Martial Haeffelin!, Bruno Renard?, Stéphanie Dubost?, Christophe Chaussin®
LMD, 2EDFR&D  Contact : marko.paviev@Imd.polytechnigue.fr

sIRTA

GHI, Tp Forecast

OBIJECTIFS — ENJEUX DISPOSITIF INSTRUMENTAL -
Quatre ans de mesures d'irradiance au sol E
(2013-20186), acquises sur six sites de mesure L
WXT520 SPN1

LE2P/EDF dispersés sur I'lle de la Réunion,
ont été exploitées pour étudier la

climatologie de I'lle. Trois micro-climats clés 4 ans de données minutaires :

» De Iirradiance (GHI, DHI)

GHI Estimation

GHI measurement

ont été identifiés grice aux critéres d’énergie,
de variabilité du rayonnement, et de
différence AM/PM de I'indice de ciel clair. Cet
exposé présente la situation climatologigue
de Ile et son impact sur la production
photovoltaigue (PV).

Six sites de mesure sur I'fle de la Réunion

P Du vent a 10 m (vitesse, direction)

P De la ternpérature extérieure 4 10
m

> De la pression atmosphérique

» De Ihumidité relative

Variability study

Histogramme des

Rt critéres d'énergle,

W SeInem e ks andtestt | o yariabilitd. et de

me e W‘l:.-n‘:-'im’-p«n différence AM/PM

nme  meRc-reqy wbtssismmness (K=GHlyes/GHI)
cumLe o T ()

Les journées, caractérisées par DCI, TRC, et RARC, ont été

groupées en 5 classes locales

[ T R e ———

RESULTATS
Day typeS Histogrammes des classes par zone classes en agrégé
osicatear Euatan. — Définition des == =
=== © » = »
bt zmnns-m.wssm/ [— e[ - 2 ., -
18NS BEHNEE (r) rematsis] journaliers en E
o g i T Ty N x » n x
sinemgten-a e » I I !w I " I !"
l l l 1 l l s

Trois classes de conditions météorologiques ressortent en agrégé :
@ (agrégeé) ®o= (agrégé) @ (agrége)

e [y

T r—

Output PV power

Effet de lissage sur le rayonnement

Grpe 801 g TR0

" = - —
Fréquences i-» i-»
similaires et - e
corrélations des L il MR - il A
0 classes locales el e e e
Energy Storage Consumption
partageantun . CONCLUSIONS
méme micro- —
climat P Mous présentons une méthode pour classifier les types de jours sur
> 1,3,6 I'ile de la Réunion. Nous retrouvons cing journées type (classes).
(Nord-est) B A partir des fréquences et des corrélations des classes, nous trouvons
> 4,5 3 micro-climats clés dans 3 zones distinctes (Nord-est, Ouest et Sud)
(Ouest) P La variabilité est diminuée en agrégeant les sites par zone ou sur I'lle
2 » En agrégé, 3 journées type peu variables ressortent, simplifiant la
(Sud) prévision de |a production photovoltaigue et la gestion du réseau

GHI: Global horizontal irradiance
POA: Plane of array irradiance
Tp : Panel temperature

REMERCIEMENTS Cette étude a été conduite dans le cadre du programme de recherche TREND-X de I'Ecole Polytechnigue,
T soutenu par la Fondation de I'Ecole Polytechnigue
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GHI, Tp Forecast

GHI Estimation

Satellite-
based

Output PV power

Energy Storage

GHI: Global horizontal irradiance
POA: Plane of array irradiance
Tp : Panel temperature

PRODUCTION DES CENTRALES ~ CUANTON 8L

PHOTOVOLTAIQUES

Auteurs : Thibaut Lecallier, Marko Pavlo, Jordi Badosa, Harold Darras, Vincent Bourdin, Anne Migan-Dubois
Contributeurs — Quantom, LMD, GEEPS, LIMS|

N VERS UN MODELE END-TO-END DE LA 2
sIRTA -

CONTEXTE

Un modele end-to-end de la production des centrales
phtovoltaiques permet =

- De comprendre le comportement d'un site donné.

- De faire une prospective de la production d'une centrale 2

OBJECTIFS ET METHODES

L'objectif est de modéliser la production d'un onduleur &
partir des données d'irradiance d'un satellite géostationnaire,
et du modéle CAMSIH -

Site étudié : centrale dans le sud-

GHI measurement

Consumption

construire.
- D'essayer d'améliorer la production d'un parc
photovoltaique avec des miroirs par exemple.

est de la France, d'une puissance
Installée de 1,3 MW, qui posséde
3 onduleurs centraux. Les panneaux sont inclinés 3 18° et

orlentés 4 23° ouest.

DESCRIPTION DU MODELE
- Données CAMS : Eﬁ"“_‘g"é 4 Modble de
- Angles : meontteur de Efficacité | Sandial®!

inclinaison et Conversion Modéle | String
orientation des GPOA g PString

panneausx,
angles solaires
Mesures Cycles diurnes
onduleurs d'efficacité par
string. [

Ciel clair

ekl ~merure

W= mesure

x100

RMSE = \/mean(modéle —mesure]?

CONCLUSION

Ratio de performance Il est possible de simuler les performances d’une centrale
photovoltaigue, 4 partir de sa géométrie et des données
d'irradiance satellite.

2013 TelER BAOI%

o Bliie Eion L'cbjectif est maintenant d'en amélicrer les performances en
ajoutant des miroirs face aux panneaux.

2015 BRISE BA2I% Hiema s
[1] : M. Schroedter-Homscheidt The Capernicus Atmosphere

Ratio = Somglgrodus | Jeonwim? Meanitoring Service (CAMS) Radiation Service in @ mushell ECMWE
Energie mominale * . GRaA Copemivos Report, 2016

[2] : David L. King, Sigifredo Gonzalez, Gary M. Galbraith, and

Williarm E. Boyson, Performance Mode! for Grid-Connecied
Photovoliaic Inverters, Sandia Report, 2007

t’mSi ] @ X TREN X

Efficacité

conversion

onduleur —> DC-AC

Pde

i; | Pac

RMSE = Jmean(madile — mesurel
RMSE

TRMSE = we—
Teanimerire)

Glossaire

AC = Alternative Current

BPOA = Direct irradiance on the plane of incidence.
DPOA = Diffuse ifradiance on the plane of incidence.
DC = Direct Current.

GPOA = Global irradiance on the plane of incidence.
Pac = puissance & la sortie de "onduleur (courant
alternatif,

Pdc = puissance, du courant continu, avant la
conversion en courant alternatif.

PString = Puissance électrigue  Ta sortie d'un string.
rMBE = Relative mean bias error

RMSE = Root mean square efror

riGeeps
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GHI, Tp Forecast

GHI Estimation

GHI measurement

POA

sIRTA
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Victorien Hamon — IUT Cachan (victohamon@yahoo.fr)

OBJECTIVES

To study small-scale low-voltage DC power
systems

Develop a hardware that allows to test basic
energy management algorithms in a PV powered

PV-powered Nanogrid hardware &
software development for
academic experimentation

hnique.fr +33 (0) 1 69335126)

SGeeps
LMD
s
LAlcm ™
TRENTX

fr)

INSTRUMENTAL SETUP

240 W HIT Solar panel

50 W Solar simulator

2kW electronic variable load
100 Ah lead-acid deep-cycle
Battery

nanogrid

* To have a system for teaching exper ion in
smart grids, small scale DC power systems and
renewable energies

* To record real time data of the electrical behavior
of this type of systems that can serve for further
research

The system is intended to be a starting point for
further developments of the hardware & software to
include other renewable sources, alternative storage
means as well as meteorological information to
support the energy management of the system

SYSTEM OUTCOMES
Measurements g sy -
* Current, voltage, power and cumulated —
energy of each element T, [
+ Joule losses of the system e s
* Irradiance & panel temperature in PV V\ V\ F o _'\ :\
simulator mode
Sma” Output PV power * Date & time and recorded data counter ™~ ~N 2N ™~ -
emulated :
I * Real-time power & cumulated energy m h m n
graphs for all the elements -
Sca e * Visual indications regarding the sense of oy
the power flow for each element e - s <
* Remote voltage and current limit control e
of the power source v
* Manual connection/deconection of each =
element of the system > VNN _J =
. . ion of the el if e gy F
Energy Storage Consumption e e
system warns the user before B
deconnection (limit values can be user
defined).
* Manual and Remote selection between ool comead
external PV panel or PV simulator » = Soiar Puret
+ Two modes for irradiance input in § = o chaa/
simulation mode: manual and pre-loaded ! ‘:

GHI: Global horizontal irradiance
POA: Plane of array irradiance
Tp : Panel temperature

daily irradiance profile. Four diffferent
‘type of days’ can be chosen, which can be
defined by the user

REMERCIEMENTS

Creation of excel file in simulation mode
with the recorded data (V,I,RE), power &
energy graphs and  performance
parameters. The file is send by mail
automatically to the user at the end of the
simulation cycle

User-defined simulated battery size and
initial state of charge. View of the current
state of charge.

Possibility of user-defined power scale
factor to simulate bigger PV arrays in
simulation mode

The equilibrium point between demand
and consumption is always passively
assured by the system as long as there is
enough production to satisfy the demand
If the system cannot supply the demand
required, the voltage of the system drops
until finding the balance point. If this point
is not found, the system will ‘collapse’
Voltage is the agent that controls the flow
of power between the elements. Voltage
control of the elements is mandatory if
manipulation of the flow of power in the
system is required

Universidad de Costa Rica, Siebel Energy Institute and TREND-X program of £cole Polytechnique for the partial funding of this project, with the support of Fondation de 'Ecole Polytechnique
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MICROGRID FLEXIBILITY STUDY: ACHIEVING Institut
SlRTA

w ATuOTEn s

GHI, Tp Forecast

Objectives - Challenges Data available for the Drahi-X Optimization
The Drahi-X building at Ecole Polytechnigue will be o [ REERR

equipped with photovoltaic roof-top installation
and a battery storage system. Analysing
consumption data from the building and
production data from the solar panels, we aim to
understand load demand variability and pomnual

. . flexibility in the building. Through
G H I E St I m a t I O n analysis we also aim to ider)ﬁfy human behaviour

=y g5 o 3l ]
that can be changed to improve consumption - LIZ['.J - 8 1 year of minute data:
G H I I I l e a S u re rrl e n t flexibility in order to better match production and = = =g » Sikiig s rcmta dats
increase self-consumption. -a I e B from all zones (kWh)
» Photovoltaic production (kWh)
> Air temperature ( °C)

The 7 Zones at the Drahi-X Innovation Building

Flexible Consumption When loads are considered critical there is no room for optimisation. Therefore
I S RO optimisation requires the identification of loads that can be curtailed or
Flexible production and consumption r:scheduled. =

Flexible consumption is
the amount of PV Disaggregated consumption
production or load
demand that can be
shifted by storing surplus
PV production in batteries
and releasing at a later

POA

Understanding building equipment:

P Identify critical loads — essential to
buildings operation

» Curtailable loads — loads than can be

Consmmprion by Bqupment

temporarily reduced
time, or by changing the » Reschedulable loads — loads which
time of demand. can be rescheduled
Establishing flexible consumption Consumption Vs Air Temperature

| o~

- A Temgmmion Vi Commurmymon

» The biggest consumer of electricity at

the Drahi-X building is the heatingand
!‘* \ cooling system -

Building
real scale

Output PV power

i

A » To reduce load from heating and i

N cooling systems it is necessary
understand the relationship between
outside temperature and

The goal is to optimise for self- by
electricity taken from the grid. It is then necessary to identify the Monthly temperature commands
amount of production and load that can be shifted to e Month = 3 > Data from the heating and
with PV production. | e cooling systems reveal human
> ion of flexible | = Ty cven) interaction and behavioural
> Determine the incentives to achieve load shifting o patterns with temperature
» Determine the amount of consumption that can be shifted by = s » It shows when the system is
- a change in behaviour 00 switched on/off and when a
Energy Storage Consu I I l ptlon » Determine the amount of consumption that can be shifted by = 1@ I““I temperature change Is
technical means { ooy -
Battery Modelling SAMNNMERSt22223RARRERIRA ) peduced consumption is

TR — = R =) possible by optimising the
‘ u | L N heating and cooling system
[ P,

using behavioural knowledge

_____ £ ¥ —! P Real time alerts informing users
i_ ! of  consumption peaks and
> ] curtailable/rescheduling
. possibilities can improve self-
IR = S~ » - - . vt . sufficiency
GHI: Global horizontal irradiance Acknowledgements:
. H H This work was conducted in the frame of Trend-X research program at Ecole Polytechnique, supported by Foundation de I'Ecole Polytechnique.
P OA . P I a n e Of a rray I r ra d I a n ce We would like to thank Amisi Francis for the operational specification of the heating and ventilation system, and to the entire SIRTA team.
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