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?Um Summer School Agenda INes

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

9:00 - 9:30 - Presentation of program

9:30-11:00 - Global Energy Context / Solar Resource
11:30—-12:30 - PV modules (part. 1)

14:00 — 15:00 - PV modules (part. 2)

15:30—17:30 - PV systems components / PV inverters

GoPV Project | SUMMER SCHOOL



?Um Summer School Agenda INes

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

9:00— 11:00 - Electrical characteristics of modules / Case study
11:30 —12:30 - Structures and Trackers (part. 1)
14:00 — 15:00 - Structures and Trackers (part. 2)

15:30-17:30 - Yield simulation and PV performance

GoPV Project | SUMMER SCHOOL



?Um Summer School Agenda INes

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

9:00—-10:00 - LCOE and economic analysis
10:00—-11:00 - LCA and environmental analysis (remotely)
11:30-13:30 - EGP visit at Passo Martino

END of GoPV Summer School

GoPV Project | SUMMER SCHOOL



?v@ GoPV project INes

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

Targeting a (50% reduction vs. present reference PV system)
» High energy efficiency = HIT + bifacial + trackers + string inverters

» Long lifetime = architecture and material innovation at component and system levels

> Low costs = CAPEX and OPEX reduction

GoPV Project | SUMMER SCHOOL



?v@ GoPV project INeS

DE L'ENERGIE SOLAIRE

Leading european industrial companies + internationally recognized R&D institutes

|NesS tecnal:a RSE LEITAT

INSTITUT NATIONAL MEMBER OF BASQUE RESEARCH Ricerca

H & TECHNOLOGY ALLIANCE Sistema "
DE L'ENERGIE SOLAIRE Energetico Technological Center

EPFL C CONVERT CICl

Green Power
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?v@ GoPV project INeS

DE L'ENERGIE SOLAIRE

Research & Capacity Building Shine

innovation | o | | |
INES Formation & Evaluation's mission is to A key player in the solar industry worldwide,

INES feaword loaderin racasrch ard support territories and companies to INES represents the French solar industry in

development for advanced photovoltaic solar strengthen their capacities in the field of different regional, national, European and
solar energy. international organizations.

technologies, their integration into electrical

systems and intelligent energy management.

. . | .
GoPV Project | SUMMER SCHOOL
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DE L'ENERGIE SOLAIRE

?v@ Solar Resource & Site potential INes

Antoine DIZIER
Solar PV Systems Engineer

antoine.dizier@ines-solaire.org

1. Global Energy Context
2. Introduction to solar resource
3. Solar databases, uncertainties, TMY

4. Sun path, far and near shadings estimation

GoPV Project | SUMMER SCHOOL



Partner logo

?@ Global Energy Context
'/.§..\‘

Global primary energy consumption by source Our World
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil

fuel production by converting non-fossil energy into the energy inputs required if they had the same conversion
losses as fossil fuels.
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Partner logo
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Global Energy Context
o

Primary energy consumption Energy use per person

Primary energy consumption is measured in terawatt-hours (TWh).

0 kWh 2,500 kWh 10,000 kWh 50,000 kWh >100,000 kWh

0 TwWh 1,000 TWh 5,000 TWh >25,000 TWh No data 1,000 kWh 5,000 kWh 25,000 kWh 75,000 kWh
No data 500 TWh | 2,500 TWh 10,000 TWh [E— |
I I

Source: Our World in Data based on BP & Shift Data Portal OurWorldInData.org/energy - CC BY
Source: BP Statistical Review of Global Energy QurWorldInData.org/energy « CC BY Note: Energy refers to primary energy — the energy input before the transformation to forms of energy for end-use (such as electricity or petrol for
Note: Data includes only commercially-traded fuels (coal, cil, gas), nuclear and modern renewables. It does not include traditional biomass. transport).

GoPV Project | SUMMIiIiSCHOOL
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?g@ Global Energy Context
o

Annual CO2 emissions

Carbon dioxide (CO:) emissions from the burning of fossil fuels for energy and cement production. Land use
change is not included.

Partner logo

Per capita CO2 emissions
Carbon dioxide (CO:) emissions from the burning of fossil fuels for energy and cement production. Land use
change is not included.

<0t 100 million t 500 million t 2.5 billion t 7.5 billion t
No data 50 million t

250 million t 1 billion t 5 billion t >10 billion t
\ \ ‘

Source: Global Carbon Project; Carbon Dioxide Information Analysis Centre (CDIAC)
Note: CO: emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY

<0t 25t 7.5t 15t >50 t
No data 1t 5t 10t 20t
S \ \

Source: Our World in Data based on the Global Carbon Project; Gapminder & UN
Note: CO: emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY

GoPV Project | SUMMIiIiSCHOOL
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?:;@k Global Energy Context
'/'g*%: |

Electricity production by source, World

Our World
in Data

Other
|| renewables, 2,7% TWh
25,000 TWh including 30,000
bioenergy
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Source: Our World in Data based on BP Statistical Review of World Energy, Ember Global Electricity Review (2022) & Ember European
Electricity Review (2022)

Note: 'Other renewables' includes biomass and waste, geothermal, wave and tidal

OurWorldInData.org/energy « CC BY

62% of global electricity production is based on non-renewables (fossil fuels + nuclear)
+ 28% of global electricity is now based of renewables (only 19% in 2010)

GoPV Project | SUMMEI%SCHOOL
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Partner logo

Global PV Market
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?{)‘@ Global PV Market Partner logo

IEA Net Zero Roadmap (oct 2021)
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- artner logo
?g@ Global PV Market erineres
'/.Ef

Low scenario: IEA World Energy outlook 2021 High scenario: Broad electrification
[Bogdanov et al,, Energy 227 (2021)]
Global PV Installation and corresponding PV market Global PV Installation and corresponding PV market
IEA 2021: Sustainable Development Scenario + Net Zero Emission by 2050 Scenario PV based energy mix scenano
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DE L'ENERGIE SOLAIRE

?g@ Solar Resource & Site potential INES

Antoine DIZIER
Solar PV Systems Engineer

antoine.dizier@ines-solaire.org

1. Global Energy Context
2. Introduction to solar resource
3. Solar databases, uncertainties, TMY

4. Sun path, far and near shadings estimation

GoPV Project | SUMMER SCHOOL



Solar Resource

Solar energy depends on:
o Earth rotation (night & day)
o Seasons (declination of 23.45°)

o Latitude of site

... in brief... on sun path in the sky

1. Sun Azimut from -180° to +180°

e South=0°
e East=-90°
e West =+90°

2. Sun Elevation from 0 to + 90°

Partner logo

June 21-22 Longest day

(@) Summer solstice at 40° latitude

December 21-22 Shortest day

(c) Winter solstice at 40° latitude | SUMMER SCHOOL
LOGIES AND DESIGN



Partner logo

Solar Resource

1. Sun Azimut = angular position relative to South -180° to 180°

2. Sun Elevation = angular position relative to the ground 0° to 90°
STOCKHOLM CATANIA DAKAR
Latitude = 59° Latitude = 37° Latitude = 14°

GoPV Project | SUMME@SCHOOL

Source : http://andrewmarsh.com/apps/staging/sunpath3d.html



http://andrewmarsh.com/apps/staging/sunpath3d.html

Partner logo

?g@ Solar Resource — Components

/*;‘"“

Global Irradiation = Beam Irradiation + Diffuse Irradiation + Reflected Irradiation

TIN

Reflected Radiation

GoPV Project | SUMMEIE)SCHOOL
PV SYSTEMS TECHNOLOGIES AND DESIGN




Partner logo

?g@ Solar Resource — Terminology

Irradiance = POWER Unit 2 W/m?

Irradiation = ENERGY Unit 2 kWh/m?

GHI Global Horizontal Irradiance / Irradiation

GTI Global Tilted (or in Plane) Irradiation / Irradiance
DHI Diffuse Horizontal Irradiation / Irradiance

BNI Beam Normal Irradiation / Irradiance

GoPV Project | SUMMEIiSCHOOL
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Solar Resource — Irradiance
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Partner logo

Solar Resource — Irradiation
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Long-term average of daily/yearly sum
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. S KW/
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This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.

GoPV Project | SUMMEI%SCHOOL
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Partner logo
?g@ Solar Resource

What do you think?

STOCKHOLM CATANIA DAKAR
Latitude = 59° Latitude = 37° Latitude = 14°
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DE L'ENERGIE SOLAIRE

?g@ Solar Resource & Site potential INES

Antoine DIZIER
Solar PV Systems Engineer

antoine.dizier@ines-solaire.org

1. Global Energy Context
2. Introduction to solar resource
3. Solar databases, uncertainties, TMY

4. Sun path, far and near shadings estimation

GoPV Project | SUMMER SCHOOL



Partner logo

Solar Resource — Variability

What do you think?
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Partner logo

Solar Resource — Variability

\Variability as function of Annual imadiation
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P. Ineichen — Global irradiation: average and typical year, and year-to-year variability (2011)
GoPV Project | SUMME%SCHOOL



Partner logo

?{;@ Solar Resource — Measurement

- High quality and site-specific data ()
\\':E,?f\//
+ Very high precision / Low uncertainties =7

- Long-term measurement is needed /K/ g

- Very good calibration is needed / Lack of data

+ Global coverage (with =3-5 km for one site)
+ Long-term series available

- Higher uncertainties due to calculations / aggregation

Resources = PVGIS / SoDa / SolarGIS / Meteonorm / NASA

GoPV Project | SUMME%SCHOOL




Solar Resource — On-site

1km &

NREL Solar Measurement grid at Oahu : 1-s solar measurements from 17
photodiode pyranometers (Data available at: www.nrel.gov/midc/oahu_archive)

1500

~_ 1000

Whim

500

® Pyranometric sensors
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GoPV Project | SUMME@SCHOOL
PV SYSTEMS TECHNOLOGIES AND DESIGN



Solar Resource — On-site

Comparison of GHI over several days with regards to a reference pyranometer
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J

Long-term time series
of 17 years

v

Monthly selection with real data
with regards to statistical analysis

?g@ Solar Resource — TMY
>

Partner logo
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Solar Resource — TMY

Comparison of 2 cumulative distribution functions for different meteo variables for each month:

; N : B/ [
8(GHI) | -'S(EINI) | - lal(sz) | | ‘6(WS)’ 5(RH)
Global Horizontal B‘TamdNormal Air Temperature Wind speed Relative Humidity
rradiance

Irradiance

Final TMY is built with « best month » considering weighted variable selection (depending of TMY methods)

Example 2 min { 10 §(GHI) + 1 §(BNI)+ 2 §(T2) + 1 3(WS) + 1 5(RH) }

GoPV Project | SUMMgliSCHOOL



Solar Resource — Maps
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?gm Solar Resource — In-plane choice

'/'g*%:.

Tilt and Azimut impact on GTI 0

Change in performance due to panel orientation

Partner logo
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Solar Resource — Case Study

https://re.jrc.ec.europa.eu/pvg tools/en/

European Commission > EU Science Hub > PVGIS > Interactive tools

Home Tools Downloads ~ Documentation Contact us
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https://re.jrc.ec.europa.eu/pvg_tools/en/

DE L'ENERGIE SOLAIRE

?g@ Solar Resource & Site potential INES

Antoine DIZIER
Solar PV Systems Engineer

antoine.dizier@ines-solaire.org

1. Global Energy Context
2. Introduction to solar resource
3. Solar databases, uncertainties, TMY

4. Sun path, far and near shadings estimation
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?g@ Solar Resource — Shadings
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?g@ Solar Resource — Shadings

There are two types of shadings for solar PV plants

Far Shadings Near Shading

Terrain Horizon (mountains, etc.) Close objects (trees, buildings, etc.)

GoPV Project | SUMM%%SCHOOL
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?{;@ Solar Resource — Shadings

Far shadings can be analysed with satellite data

Horizon from PVGIS website API, Lat=45°10"43', Long=5°42"53", Alt=226m

Plan: inclinaison 30°, azimut 0°
T

90 L— T T T T " T T T — T
l l ! ! 1:'2 Juin

2: 22 mai - 23 juil ]

3: 20 avr - 23 aol( 4

4: 20 mar - 23 se
E]

5: 21 fev - 23 oc

13h 6: 19 Jan - 22 nov

7: 22 dec.

28

!
1" /
‘Fm ‘L‘i o 1 - r
j Echirolles ‘ / :
SIS N
Pont-de-Claix
e

Vaul Je-Haut
J v ,::’na i vy I Horizon height s
FH “~ , /ﬁ —~- Sun height, June
/ 4 . ; - 3un height, December
Ees-Alligres-et-Risset | L

GoPV Project | SUMM%@SCHOOL

Source : PVGIS — http://re.jrc.ec.europa.eu/pvg tools/en/tools.htmI#PVP



http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP
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?g@ Solar Resource — Shadings
o

Near shadings have to be designed with a 3D modelling software

% Beam shading factor (linear calculation) : Iso-shadings curves
T — T

i Attenuation for diffuse: 0.079 1:22 June
2 and albedo: 0.422 2:22

e ing loss: 10%
|- =e=== Shading loss: 20%
==e==  Shading loss: 40%
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?{;@ Solar Resource — Shadings

Near shadings have to be designed with a 3D modelling software

GoPV Project | SUMMﬁliSCHOOL
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