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Programme for today JU Mngxceé

Joint Universal activities for Mediterranean PV
integration Excellence

— Urban environments and photovoltaics
—— Briefintro on solar cadasters

— Our work in the e-shape project

The result from a team effort (alphabetical order):

Benoit Gschwind, Lionel Menard, Philippe Blanc, Raphaél Jolivet, Romain Besseau
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Assumptions for today Jumngmé

Joint Universal activities for Mediterranean PV
integration Excellence

= Solar is good, fossils are not
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Urban environments & photovoltaics JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence
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Urban environments & photovoltaics JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence
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Solar cadasters: a starting point JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

= Accurate and easy-to-use to assess rooftop PV potential at the urban level
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Partial screenshots from In Sun We Trust website, https://nantes-metropole.insunwetrust.solar/simulateur
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Solar cadasters: a starting point JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

= Accurate and easy-to-use to assess rooftop PV potential at the urban level
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Partial screenshots from In Sun We Trust website, https://nantes-metropole.insunwetrust.solar/simulateur
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Solar: more dynamic than “typical annual values” JU Mngxceé

Joint Universal activities for Mediterranean PV
integration Excellence

== Different levels of variability and uncertainty at different time scales
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Solar: more dynamic than “typical annual values” J U Mngmg

Joint Universal activities for Mediterranean PV
integration Excellence

A_A

— Obstruction shadowing as an additional element for urban PV

Source: YouTube video from ArcGIS
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The issue with solar cadasters JU Mpgg,mg

Joint Universal activities for Mediterranean PV
integration Excellence

00

Heavy Too much data!
computations!

- smaller regions of interest
- store only aggregate values
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The e-shape project JU Mngxcef

Joint Universal activities for Mediterranean PV
integration Excellence

4 years grant (2019-2023)

60 partners, 7 showcases J
renewable
energy

Promoting users’ uptake of European

eshape

EuroGEO Showcases: Applications Powered by Europe

Earth Observation resources

Development of co-design pilots (33!) to deliver

https://e-shape.eu/ economic, social and policy value to European citizens
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Pilot #2: High PV penetration in urban areas JU MPngceZ

Joint Universal activities for Mediterranean PV
integration Excellence

== QObjective:
develop GIS-like tools to support high PV penetration at urban scale by providing
EO-based information

=22 Expected user community:
Urban planners, grid operators, market agents, researchers and citizens

=22 There are two parts of the pilot

ARMINES is responsible for the part shown in this presentation

* Partners:
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Our core value proposition JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

== Shifting from a static solar cadaster to urban-scale solar variability
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Our core value proposition JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

=221 Solar calculations in urban environments based on Earth Observation data
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Our core value proposition JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

= Exploring a variety of Earth Observation data

Digital Surface Model (DSM) Satellite data Ground measurements
(when available)
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Leveraged use cases JU Mngmg

Joint Universal activities for Mediterranean PV
integration Excellence

#1 PV sizing for self-consumption
IN SUN

WE TRUST

#2 PV injection at distribution grid level ENSDIS

. . bl s
#3 Forecasting for PV trading COOF)G(HLCO

#4 Shadowing impacts of new buildings '/
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Leveraged use cases J U MPngceZ

Joint Universal activities for Mediterranean PV
integration Excellence

— PV sizing for self-consumption
IN SUN

WE TRUST
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Leveraged use cases

= PV injection at distribution grid level
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Temporal evolution of instantaneous PV

power potentially injected within a day
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Leveraged use cases JU Mngmf

Joint Universal activities for Mediterranean PV
integration Excellence

A

= Forecasting for PV trading Cmpérﬂico
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Carriere et al., Energies (2021)
A New Approach for Satellite-Based Probabilistic Solar Forecasting with Cloud Motion Vectors

MCAST ' (" CENER @
The University of Manchester tech

The project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 810809




A quick look to one of our tools

High_PV_in_urban_area-Self_c X

A A

\z 9
Joint Universal activities for Mediterranean PV
integration Excellence

&« c @ © &£ https://notebook.oie-lab.netjuser/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B -9 € 9% Yo &g =
" Jupyterhub High_PV_in_urban_area-Self _consumption (autosaved) @ Sodicomecter | Control Panel
Fichier  Ediion  Affichage  Insérer  Cellule Navigate  Widgets  Aide Trusted | Python [conda env:eshape] O

+ 3 A B 4 % PRun B C W Markdown

Contents = &

| ~ 1 Definition of the zone of interest
1.1 Define the polygon of interest
1.2 WPS request for high res. GTI map

~ 2 Selection of the effective PV surface and PV yield simulation
2.1 Definition of the PV modules (efficiency, installed surface)
2.2 Simulation of corresponding PV yield

« 3 PV self-consumption
3.1 Global analysis for the whole years
3.2 Detailed PV self-consumption analysis for a given year
3.3 Study of PV self-consumption for the selected year

-] = onbdi [= Memory:

C
e-shape

High PV penetration in urban area
se-case: PV self-consumption in Nantes

The e-shape project has received funding from the Eurcpean Union’s Horizon 2020 research and
innovation programme under grant agreement 820852

Authors (alphabetical order)

* Romain BESSEAU, ARMINES / MINES ParisTech - PSL Research University, Center OIE
* Philippe BLANC, MINES ParisTech - PSL Research University, Center OIE

* Benoit GSCHWIND, MINES ParisTech - PSL Research University, Center OIE

« Raphael JOLIVET, ARMINES / MINES ParisTech - PSL Research University, Center QIE
= Lionel MENARD, MINES ParisTech - PSL Research University, Center OIE

Contact point: lionel. menard@mines-paristech.fr

In [3]: # Mandatory import to run the notebook
from datetime import date
import matplotlib.pyplot as plt
import os
import numpy as np
import datetime as dt

# Import custom code to run the notebook, see utils.py for details
from utils import map_handler, request_ e shape S3P2_service, pv_production, visu_gti, eval map sum gti

# Import custom code for auto-consomation analisys, see autcconso_PV2.py for details
import autoconso_PV2 as acpv

# Avoid internal warning (from demandlib, mainly)
import warnings
warnings.filterwarnings('ignore')
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A quick look to one of our tools JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

& High_PV_in_urban_area-Self_- X [Ed

&« Cc © & https://notebook.oie-lab.net/user/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B 9% ymn@o & g =
': Jupyterhub High_PV_in_urban_area-Self_consumption (autosaved) A Se déconnecter | Control Panel

Fichier Edition Affichage Insérer Cellule Noyau Navigate Widgets Aide

‘ Python [conda env:eshape] O

B+ 2 @ B 2+ ¥ PRin B C W Markdown ~| @ ©nbdff | & Memory:
Contents C & 1.1 Define the polygon of interest
v 1 Definition of the zone of interest
| 1.1 Define the polygon of interest In [4]: # Display the map to select area of interrest
1.2 WPS request for high res. GTI map
~ 2 Selection of the effective PV surface and PV yield simulation # Check if we already have a map to avoid to reset input to default values.
2.1 Definition of the PV modules (efficiency, installed surface) if "m" not in globals():
2.2 Simulation of corresponding PV yield m = map_handler()

v 3 PV self-consumption
3.1 Global analysis for the whole years
3.2 Detailed PV self-consumption analysis for a given year
3.3 Study of PV self-consumption for the selected year

# Actually display the map
m.display()

®|
i
SAINT-HERBLAIN Jf
NANTES
ipyleaflet | Map data (c) C OpenStreeMap
Select first year 2015 v | Select last year 2019 v
User e-mail register@cams

In (5]: # Some characteristics of the selected polygon
lon, lat = m.get_poly center()
surf_poly m2 = m.get_poly_area()

print('Center: ({:.4£)}°N, {:
print('Estimated surface:

.4f}°E)'.format(lat,lon))
.0f} m"2'.format(surf poly m2))

Center: (47.2278°N, -1.6021°E)
Estimated surface: 207 m"2
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A quick look to one of our tools
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Joint Universal activities for Mediterranean PV
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& High_PV_in_urban_area-Self_- X [Ed
&« Cc © & https://notebook.oie-lab.net/user/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B 9% ¥ N @ % =
" Jupyterhub High_PV_in_urban_area-Self_consumption (autosaved) @ | sedécomnecter | Control Panel
Fichier Edition Affichage Insérer Cellule Noyau Navigate Widgets Aide ‘ Python [conda env:eshape] O
B+ 2 @ B 2+ ¥ PRin B C W Markdown ~| @ ©nbdff | & Memory:
Contents = & I 1.1 Define the polygon of interest
~ 1 Definition of the zone of interest 7 =
I 11 Define the polygon of interest’ In [4): # Display the map to select area of interrest
LEWES requesuorhfgh res. GTl map X . # Check if we already have a map to avoid to reset input to default values.
v 2 Selection of the effective PV surface and PV yield simulation if "m" not in globals():
2.1 Definition of the PV modules (efficiency, installed surface) m = map_handler()
2.2 Simulation of corresponding PV yield
v 3 PV self-consumption # Actually display the map
3.1 Global analysis for the whole years m.display()
3.2 Detailed PV self-consumption analysis for a given year
3.3 Study of PV self-consumption for the selected year
=
= Do,
& o,
S %
. s
&
&
<«
Rue Pierre Bourgan
&
&
Avenue de la Concore
+ ipyleaflet | Map data (c) Op , Op:
Select first year 2015 Vv | Select last year 2019 2
User e-mail register@cams
In [5]): # Some characteristics of the selected polygon

lon, lat = m.get_poly_center()
surf poly m2 = m.get_poly_ area()

print('Center: ({:.4£)}°N, {:.4£}°E)'.format(lat,lon))
print('Estimated surface: {:.0f} m"2'.format(surf_poly m2))

Center: (47.2278°N, -1.6021°E)

207 m"2

Estimated surface:
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A quick look to one of our tools JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

& High_PV_in_urban_area-self - X [SH

&« (R ) @ & https://notebook.oie-lab.net/user/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B e © o Lo e g =
" Jjupyterhub High_PV_in_urban_area-Self_consumption (autosaves) @ | Sedécomnecter | Gontrol Panel
Fichier Edition Affichage Insérer Cellule Noyau Navigate Widgets Aide Trusted ‘ Python [conda env:eshape] O
+ % @ B A 4 PRun B C M Makdown j = @ nbdiff | & Memory:
—~ Time coverage:
Contents & & 2015-01-01T00:15:00

1 Definition of the zone of interest 2016-01-01T00:00:00
1.1 Define the polygon of interest

I 1.2 WPS request for high res. GTl map

2 Selection of the effective PV surface and PV yield simulation
2.1 Definition of the PV modules (efficiency, installed surface)
2.2 Simulation of corresponding PV yield

= 3 PV self-consumption
3.1 Global analysis for the whole years 1400
3.2 Detailed PV self-consumption analysis for a given year
3.3 Study of PV self-consumption for the selected year

Irradiation on the tilted plans averaged over the time range (kWh/m~2)

Y coordinate (m

]
"
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A quick look to one of our tools

High_PV_in_urban_area-Seli_c X

&« (R ) © &£ https://notebook.oie-lab.netjuser/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B @ € % Lo e g =
Jupyterhub High_PV_in_urban_area-Self_consumption (autosaved) @ sedécomecter | Control Panel
Fichier  Ediion  Affichage  Insérer  Celule  Noyau  Navigate  Widgets  Aide Trusted | Python [conda env:eshape] O

+ = @ B 4+ ¥ PRin B C W Markdown j = @ nbdiff | & Memory:
Contents & #
~ 1 Definition of the zone of interest
1.1 Define the polygon of interest . . . . .
12 WPS request for high res. GTI map 2 Selection of the effective PV surface and PV yield simulation
I ~ 2 Selection of the effective PV surface and PV yield simulation
2.1 Definition of the PV modules (efficiency, installed surface)
2.2 Simulation of corresponding PV yield
3 PV self-consumption
34 Giobal analysis for the whola years 2.1 Definition of the PV modules (efficiency, installed surface)
3.2 Detailed PV self-consumption analysis for a given year
3. 1 PV self- i
3.3 Study of PV self-consumption for the selected year In [8]: # Characteristics of the PV module

# PV efficiency at the standard conditions STC : eta PV stc
eta_PV_stc = 0.18

In [9]: # Choice of the surface for the installed PV on the selected zone
# Evaluation of avalaible surface with a minimum value of yearly irradiation (kWh/m"2)
# Scan for a range of minimum value from min gti (to be set) to max value)

map_gti_kWh_m2, v_surf_above_thresholds, max_surface_m2 =

= eval map_sum_gti(file result_WPS, min_gti=1300)
print('Max effective surface on the selected area: ' + str(max surface m2) + " m"2" )

Max effective surface on the selected area: 196 m"2

Threshold of average yearly irradiation

In [10): # Definition of the selected surface

# With a rcritearia hased on the minimum yearly GTI (kWh/m"2)

ie-lab. 10, {High_PV_in_urban_area-Self_t md#Defini f-the-PV-modul ,-installed face) o
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A quick look to one of our tools
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mnoe & =

B 940 v

)

Trusted

Se déconnecter Control Panel

| Python [conda env:eshape] O

Memory:

Selected PV surface

Average yearly irradiation above minimum yearly GTI (kWh/m~2)

12 5 145 155 16

X coordinate (m

Fichier ~ Edition  Affichage  Insérer  Cellule  Noyau  Navigate  Widgets  Aide
+ % @ B 4 ¥ PRin B C W Makdown | = Onbdfl [E

Contents 2 & Surface of selected PV: 73.0 m"2
1 Definition of the zone of interest

1.1 Define the polygon of interest

1.2 WPS request for high res. GTl map
~ 2 Selection of the effective PV surface and PV yield simulation
I 2.1 Definition of the PV modules (efficiency, installed surface)

2.2 Simulation of corresponding PV yield
= 3 PV self-consumption

3.1 Global analysis for the whole years

3.2 Detailed PV self-consumption analysis for a given year

3.3 Study of PV self-consumption for the selected year

15
]
15
jie-lab. 10) {High_P\V_in_urban_area-Self_¢ md#Defini f-the-PV-modul -installed
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Joint Universal activities for Mediterranean PV
integration Excellence

High_PV_in_urban_area-Seli_- X [EE

&« (R ) © &£ https://notebook.oie-lab.netjuser/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B @ € % Lo e g =

‘_:'Jupyterm‘\‘- High_PV_in_urban_area-Self_consumption (autosaved) Pl Se déconnecter | Control Panel

Fichier ~ Edition  Affichage  Insérer  Cellle  Noyau  Navigate  Widgets  Aide Trusted | Python [conda env:eshape] O

+ = @ B 4+ ¥ PRin B C W Markdown j = @ nbdiff | & Memory:
Print( Average year.iy energy rv proauction: {(:.UI} KWN (Lapaclty IAacCtor: {:.UI} %)
Contents C & .format (Eprod PV _yearly kWh, 100*Eprod PV _yearly kWwh/(8760*PV_peak kwWp)))

~ 1 Definition of the zone of interest
1.1 Define the polygon of interest
1.2 WPS request for high res. GTI map 15-min PV output power (kW) over the selected period
2 Selection of the effective PV surface and PV yield simulation )
2.1 Definition of the PV modules (efficiency, installed surface) 4”\ r\
2.2 Simulation of corresponding PV yield i I' \ l "‘. ’{\
| = 3 PV self-consumption | \ J \ / \ J\q I
3.1 Global analysis for the whole years | \ /
3.2 Detailed PV self-consumption analysis for a given year If
3.3 Study of PV self-consumption for the selected year k ( \ |

i Agregated PV output energy (kWh)
("M': month, 'Y': year)

AN
I\ \
ﬂ \f \. ,’/

\
\

Average yearly energy PV production: 15820 kWh (Capacity factor: 14 %)

The project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 810809
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Joint Universal activities for Mediterranean PV
integration Excellence

& High_PV_in_urban_area-Self_c X

&« (R ) © &£ https://notebook.oie-lab.netjuser/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B e %@ Lo e

5 Liste de Lecture CityGML 5] Connexions £ Confluence

Copernicus DIAS

Directory [=] Work In Progress =] ERDDAP [ e-shape GeoNetwork 3 5 GkH B Jupyter NextGEOSS [5j stac [ THREDDS

: Jupyterhub High_PV_in_urban_area-Self_consumption (autosaved) A Se déconnecter | Control Panel
Fichier Edition Affichage Insérer Cellule Noyau Navigate Widgets Aide Trusted & ‘Python [conda env:eshape] O
+ 5 @ B A ¥ PR B C B Code -l @ onpdft [= Memory:
Contents 2 & 3.1 Global analysis for the whole years
~ 1 Definition of the zone of interest
1.1 Define the polygon of interest In (14): # Year per year PV self-consumption (simple) analysis

1.2 WPS request for high res. GTI map

= 2 Selection of the effective PV surface and PV yield simulation
2.1 Definition of the PV modules (efficiency, installed surface)
2.2 Simulation of corresponding PV yield

~ 3 PV self-consumption

| 3.1 Global analysis for the whole years
3.2 Detailed PV self-consumption analysis for a given year
3.3 Study of PV self-consumption for the selected year

*

Typical consumption profile

‘h0': 'Household',

‘g0’ : 'Commerce general',

‘gl’':'Commerce operating weekdays from8:00 h to 18:00h°,
'g2':'Industry/commerce featuring strong topredominant consumption in the evening’,
'g3':'Industry/commerce with continuousactivity',

‘g4 ': 'Shop/barber’,

'g5': 'Bakery’,

‘g6 ': 'Weekend operation’,

‘10 ':'Farms general',

‘11':'Dairy farms',

‘12 ": 'Other farms'}

o R W R R R W R R W

Consumption_prfl = 'h0’

# Average power of consumption (kW)
Pconso_avg kW = 5

Econso_yearly kWh = Pconso_avg_kW*8760

print('Average power consumption: {:.2f} kW'.format(Pconso_avg_kW})
print('Corresponding yearly energy consumption: {:.2f} kWh'.format(Econso_yearly kWh))

tab_yyyy = np.zeros((nb_years,1), dtype = ‘int")
tab_Self consumption ratio = np.zeros((nb_years,l))
tab_Self sufficiency ratio = np.zeros((nb_years,l))

print('Computation for year per year analysis:')
for k in range(nb_years):
tab_yyyy[k,0] = yyyy0 + k
print(’\t- Year {:04d}/{:04d}'.format(tab_yyyy[k,0], yyyyl))
Consum = acpv.conso_demandlib(name = Prod.name,
year = tab yyyy[k,0],
profil = Consumption_prfl,
annual_conso = Pconso_avg_kW*8760,
weather = Prod.build weather(),
timezone = Prod.timezone)
Consum.calculate_conso( )
8C = acpv.site AC(Prod = Prod, Conso = Consum)
stat_S8C = SC.calculate autoconso_simple()

tab_Self_consumption_ratio[k,0] = 100.0 * stat SC[ kWh'].PV_self consumed / stat_SC['kWh'].Prod_ PV
tab_Self sufficiency ratio[k,0] = 100.0 * stat SC['kWh'].PV_self consumed / stat_SC['kWh'].Consum_elec E
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Joint Universal activities for Mediterranean PV
integration Excellence

A quick look to one of our tools

& High_PV_in_urban_area-Self_« X [N

e

© & https://notebook.oie-lab.net/user/eshape10/notebooks/High_PV_in_urban_area-Self_consumption.md B -9 4% vy m@o & g =

: Jupyterhub High_PV_in_urban_area-Self_consumption (autosaved)

f’ Se déconnecter Control Panel
Fichier Edition Affichage Insérer Cellule Noyau

Navigate Widgets Aide

Trusted ‘ Python [conda env:eshape] O
B+ % & B 4 % PR s = onodit [=

B C »  Markdown

Contents C
~ 1 Definition of the zone of interest
1.1 Define the polygon of interest
1.2 WPS request for high res. GTI map
2 Selection of the effective PV surface and PV yield simulation i b R pi May
2.1 Definition of the PV modules (efficiency, installed surface) 2015
2.2 Simulation of corresponding PV yield
73 : :Zgr:]:;t::m the whole years In [22]: ;‘Cm‘zlne serie:laf monthly consumption, PV production, PV self consumed, PV surplus
3.2 Detailed PV self-consumption analysis for a given year splotmonthly.te()
| 3.3 Study of PV seif-consumption for the selected year

yun pil Aug Sep oct Nov Dec

Monthly average share of electric consumption for zone_by_default (P_pv = 13 kWc)

~®- Electric consumption
2 W= Self-consumed PV production
‘\\ W= import from electric network o
4000 e wes Surplus PV production o
3000 i -~~~
[}
£ 2000
=
1000
0 : ==
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Which can be available for you to try out JU MPZSM

Joint Universal activities for Mediterranean PV
integration Excellence

=~ Ademonstration can be found in Youtube:
https://www.youtube.com/watch?v=Sj9eMoLFiOg

=2+ To get an account to test the pilot: send me an e-mail
rodrigo.amaro_e_silva@mines-paristech.fr

=2+ As afollow-up:
« we will send instructions together with a short feedback survey (4 questions!),
* You will have access to a temporary access to test the tool and can apply any
modification you want

== Itis possible that we can schedule a time slot for providing some live support
with the tool
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Closing words JUMPZ&M

Joint Universal activities for Mediterranean PV
integration Excellence

22 PV modelling in urban environments is a very rich topic

=% Firm belief that on-the-fly dynamic solar cadasters can
leverage multiple services

Rodrigo AMARO E SILVA
MINES ParisTech, PSL Research University

Center Observation, Impacts, Energy
eshape

Postdoc Researcher

EuroGEOQ Showcases: Applications Powered by Europe
e-shape H2020 project i —
rodrigo.amaro_e_silva@mines-paristech.fr f/j
www.mines-paristech.fr / = P S L * |
www.oie.mines-paristech.fr MiI NI_E:-' h *
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Joint Universal activities for Mediterranean PV
integration Excellence

Stimulating scientific excellence and innovation capacity of MCAST Energy woumeSrcsou @D
in the field of Photovoltaic (PV) integration research, as a regional leader. S @ o o @
i < 3, &
3
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Joint Universal activities for Mediterranean PV
integration Excellence

EXTRA SLIDES
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Brief description of shadow modelling JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

Input Output
Observer point, Surface, 3D Buildings Sky:?ne

Observer Point

Mapping the horizon around each pixel
(both from terrain and urban orography)
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Brief description of shadow modelling JUMngM

Joint Universal activities for Mediterranean PV
integration Excellence

Horizon IGN MNS @10cm
70
T T

60 [—

50 [~

Elevation (°)

30

20—

0 50 100 150 200 260 300 350

Azimuth (°)

360° horizon profile superimposed with sun trajectory
(defining shadow events and shadow impacts)
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The IT setup behind the pilot JU Mpggmg

Joint Universal activities for Mediterranean PV
integration Excellence

21 Infrastructure

jupyter

1o o~

Data and Information Web Processing Services (WPS) Onlinf Jupyter Notet:ooks
Access Services (DIAS) “The external data fetcher” The front-end
“The data infra-structure”

E
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The data behind the pilot

JUMPZE et

Joint Universal activities for Mediterranean PV
integration Excellence

A
v

— Urban surface modelling

400 -

200 .

Elevation (m)

77

Y (m)

Digital Terrain model (DTM) Digital Surface Model (DSM) + map of buildings
decametric high-resolution
(e.g. SRTM, ASTER) (IGN - BDTOPOO©)

The University of Manchester ADltech
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srtm.csi.cgiar.org

The data behind the pilot JUMFggmg

Joint Universal activities for Mediterranean PV
integration Excellence

21 Satellite-based solar resource

01-jJun-2014 00:00

CAMS - McClear 15-min global horizontal irradiance (W/mz)

2021-02-06:08:00 UT ; W/mz|m 5 0 ° N

120 490 N 200
° 150
| . %‘j\/\{ E
§ <
47" N 1100 =

o 46" N 150

45° N [\ L 1o
Longitude 4 Q W 2 Q W 0 ]
Clear-sky irradiance All-sky irradiance
aerosols, water vapour clouds
McClear (CAMS) CAMS-Rad / HelioClim3
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The algorithms behind the pilot JU Mpggmg

Joint Universal activities for Mediterranean PV
integration Excellence

\ d ‘

Shadowing PV conversion Forecasting
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Why forecast for PV trading Jumngxceé

Joint Universal activities for Mediterranean PV
integration Excellence

E3 SOLAR SURPLUS SELLER X

Quantity Horizon
(1 kWh) (in 2 hours)
Peter is selling 1 kWh in 2 hours (only 10 cents!) We will need to forecast the solar generation

Buy

- . A
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Impact of disregarding urban shadowing JUMngxceg

Joint Universal activities for Mediterranean PV
integration Excellence
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Left to right, the impacting of considering urban shadowing
dark line: satellite estimate, red dots: forecasting

We could overestimate our generation by 10-100% !
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