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> MOTIVATION

As a part of the solar energy engineering process, doing a Solar PV Simulation is necessary.

Whether it be a residential solar project, a solar PV system for building, or a grid-scale PV
project, solar PV simulation is important.
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> OUTLINE

The solar resource
A simple and fast tool to start
Going from simple to complex simulation

PIARLPYV
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Solar resource

» Earth-Sun motion

Solar declination: angle between line joining centres of Earth and Sun and the
equatorial plane

Bunlding orientation with the long axis jacing south O=T
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Declination in radians; n is the number of the day (Jan Ist = 1)



Solar resource

» Earth-Sun motion
SI @ = Sm J S ¢+ COS O COS ¢

SI ¢ S ¢ —sm O
cosy =

COS ¢ COS @
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Beam

(Direct) Sky-diffuse
\. Radiation
PPARLPYV Ground-reflected

Radiation



> PV MODULE TILT

Energy generation depends on the angle of incidence

1000 W/m? 1000 W/m?2 x cos 0

PIARLPYV
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Yearly sum of glol;al irradiation on optimally-inclinetis 2
period 1981-1990 o
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Some facts about PV in
cities

* Most of the consumption happens in

cities
. 2% of the area but 75% resource
consumption
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* Local generation avoids transport losses
* Lower investments in the transport grid

* More reliable because the system is ‘ ){J ” :,1‘
tolerant to system faillures T & T T
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Role of photovoltaics in cities
- Architectural aspects

Architecture in cities are a big driver for innovation and boosting the
energy transition

* Solar skins Increasing renovation rates in cities,

* new buildings with BIPV

* For example, the EU Smart Cities Lighthouse Projects are striving
towards Positive Energy Districts (PEDs%.

* These projects bring together various stakeholders, such as real estate
developers, construction companies, network operators, utility companies
and many others, that will play a vital role as solution providers

* For example, Groningen’s approach to the energy transition has served
'(c:he city to be appointed the title 'Lighthouse City' by the European
ommission.

PIARLPYV
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e Urban furniture

Small scale

* Social sharing/interaction points
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Larger scale

PIARLPYV

* PV Facades
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Even larger
scale

BIPV and large power plants

PIARLPYV
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SOLAR POTENTIAL SIMULATION

Basic: Indicates irradiation levels and their categorisation (e.g. high, medium, low
irradiation values).

Medium: Indicates irradiation levels, solar system outputs, categorisation of suitable
area for solar production and system effect.

Advanced: Indicates irradiation levels, system (PV, thermal) output, categorisation of
suitable area for solar production, system effect, monthly output, financial
considerations, information about installers and data regarding solar energy.

15



PV SYSTEMS SIMULATION GENERAL CHARACTERISTICS

Solar PV Software Inputs:
Project/site location

Quantity, specifications of solar PV modules and inverters
Configuration of solar PV Strings
Solar PV tilt angle and azimuth

Total cost of the project

Electricity costs/tariff from utilities
Battery/electrical storage specifications and others

Solar PV Software Outputs:
Solar energy vield in kWh
Financial analysis

Technical reports

Examples of PV simulation
software (alphabetic order)
Aurora Solar

Helioscope

Homer

PVSol Premium

PVSyst

Solar Pro by Laplace Systems
SAM

PVLib

And more...
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W A simple and fast tool to start

PJPARLPYV

https://ec.europa.eu/jrc/en/PVGIS/tools/monthiy-radiation

e

EU SCIENCE HUB

European
Commission

Home About Us Research

Tools

Grid-connected PV systems
Tracking PV systems
Off-grid PV systems

Monthly radiation

Daily radiation
Hourly radiation
TMY generator
Horizon profile

Downloads

PVGIS data download
Country and regional maps
PVMAPS

Documentation

Getting started with PVGIS

PVGIS users manual

Non-interactive service

Data sources and calculation methods
Other sources

Frequently Asked Questions

Releases

History & Bug fixes
PVGIS 5.1
PVGIS 5

About us

About the project
PVGIS contact points

Data protection

Knowledge

The European Commission's science and knowledge service

European Commission > EU Science Hub > Pvgis

Working With Us Procurement News & Events Our Communities

Photovoltaic Geographical Information System (PVGIS)

Try the PVGIS tools:

Solar radiation TMY

Typical
{R Meteorological
Year

Temperature, wind, humidity,
air pressure, ...

& &

Monthly Daily Hourly

Grid Tracking Off
connected PV grid

PV Performance tool Solar radiation tool TMY tool

PVGIS is available in English, French, Italian and Spanish for any location in Europe and Africa, as well as large
part of Asia and America.

PVGIS provides free and open access to:

« PV potential for different technologies and configurations of grid connected and stand alone systems.
« Solar radiation and temperature, as monthly averages or daily profiles.

e Full time series of hourly values of both solar radiation and PV performance.

« Typical Meteorological Year data for nine climatic variables.
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European
Commission

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

European Commission = EU Science Hub = PVGIS = Interactive tools

Eg.lspra, ltaly

Last update: 15/10/2019 Top

Legal notice |Cookies |Contact || English {en) v

EXR ETE

Escolher fiche MNenhum ficheiro selecionado

PVGIS-SARAH v
Crystalline silicon v
1

14
Free-standing v

[J Optimize slope
[J Optimize slope and azimuth

BT

Home Tools Downloads - Documentation Contact us
] M g .
n Oradea salaj b sl YAsduS fasi 2 Cursor: Use terrain shadows:
0 Bistri 2% C, i
| T i T o Selected: 45742, 25.106 Calculated horizon
i Elevation (m): 535 [OUpload horizon file
Békescsaba T !
Mures o Bacau N
rgiuig Vasiui GRID CONNECTED
Bacdu . - B PERFORMANCE OF GRID-CONNEC TED PV (7]
O
Arad Barlad P )
e Alba Mediase  Sighiseara i RACKING Y Solar radiation database”
ania *
beva A I R PV technology
i Installed peak PV power [KWp]®
Timisoaras  Timis Hunedoara Bisov pranced Gofati I VONTELY DATA P P kAPl
¥ Nl w Y o1
By System loss [%]
Galati . - -
-y i ALY T Fixed mounting opticns
Erdila . PR
Buzdu 1o 1 Mounting position
Caras Severin e fhrar B HOURLY DATA -
Gorf Arges gLaova Brdila I o Slope [] 5
= aPlolest . +
B P'to - Dambovita I T™Y Azimuth [7] 0
Itest Urziceni i .
A robeta. 2 [J PV electricity price
urnus e lalomita . L ~
[EMEREpEBe Severimey Mehedinti Bucn.é)resti J PV system cost (your currency)
: .
erbia rava o Cildrasi S
e o Canstant
. Daolf Giurgiu Calarasi
Kparyjesay Calafat Teleorman
- P
(s RO
Cpt?ui'a n
Kpyierat N AP @ \Visualize results
Address: Lat/Lon:
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PERFORMANCE OF GRID-CONNECTED PV: RESULTS @ PV output @ Radiation

Summary Monthly energy output from fix-angle PV system Qutline of horizon
3 £3 £3
Provided inputs: 130
Location [Lat'Lon]: 45742, 25106
Horizon: Calculated .
Database used: PVGIS-SARAH 125
PV technology: Crystalline silicon
PV installed [kWp]: 1 =
100
System loss [%]: 14 : .
= I 1

Simulation outputs: = 75 I |
Slope angle [T 35 =) w E
Azimuth angle [°]: 0 =
Yearly PV energy production [KWh]: 1122.85 E 50
Yearly in-plane irradiation [K\Wh/m?2]: 1409 41
Year-to-year variability [kVh]: 58.93
Changes in output due to: 25

Angle of incidence [%]: -2.96

Spectral effects [%]: 1.45 -

- . . ] Horizon height s

Temperature and low iradiance [%]. 29 Jan Feb  Mar Apr May  Jun Jul Aug  Sep  Oct Mov  Dec — - Sun height, June

Total loss [%0]: -20.33

Month we SUn height, December

Last update: 1510/2019 Top

PIARLPYV
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Slope: 602
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Summary
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PERFORMANCE OF GRID-CONNECTED PV: RESULTS

Provided inputs: 175
Location [Lat/Lon]: 45742 25106
Horizon: Calculated 150
Database used: PVGIS-SARAH
PV technology: Crystalline silicon
PV installed [k\Wp]: 1 g 125
System loss [%a]: 14 g
‘= 100
Slope angle [°]: 60 E s
Azimuth angle []: ] @
Yearly PV energy production [KWh]: 1062.01 g
Yearly in-plane irradiation [K\Wh/m?2]: 1329.41 £ 50
Year-to-year variahility [KWh]: 58.07
Changes in output due to: 25
Angle of incidence [%:]: -2.97
Spectral effects [%]: 1.52
Temperature and low irradiance [%]: -5.69 o
Total loss [%]: =201

Monthly in-plane irradiation for fixed angle

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec

Month

Last update: 15/10/2019 Top

@ Visualize results

PV technology” Crystalline silicon
Installed peak PV power [K\Wp]®

Systern loss [%]°

Fixed mounting options

Mounting position *
Slope [T*

Azimuth [F]°

[J PV electricity price

PV system cost (your currency)

Free-standing

[J Optimize slope

Interest [%/year]

Lifetime [years]

® PV outpu

@ Radiation

x [ | |[E]|G ||

< !I(

[J Optimize slope and azimuth

Dutline of horizon

52

NW

w

Il Horizon height
= Sum height, June
Sun height, December

s

JIVISerra 6 Jui 2021 PEARLPV Trainin

School i

v + ©o - o X
© e @ ow s o)
X
E

21 M




Building integrated PV

* BIPV issues

* Inclination

* Orientation

e Shading

* Temperature

* Design
PV & architecture
e Categories of BIPV

* PV integrated in public spaces
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Building integrated PV

* Importance of shading — crucial during system & building design

(micro-inverters make PV system more tolerant to shading mistakes)



Building integrated PV

* Importance of temperature: (ventilated) air gap behind module

to keep ‘low” module temperature (extra: insulating function!)
* Design!
* ‘High-tech’ or ‘Green’ look

* Replacement for other facade materials (e.g. office building)



< Building integrated PV

* Notice that high surrounding buildings may also alter (i.e. usually
block!) diffusive light

PIARLPYV
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S

ROOFTOPS SOLAR POTENTI .

But this is not trivial because one must consider
J Shadowing between buildings
J Available rooftop area

JMSerra 6 Jul 2021 PEARLPV Training School Il
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Role of photovoltaics in cities

Surface
model

Radiation

e

Solar potential map

PIARLPYV

JMSerra 6 Jul 2021

Valor (MWh/m2)
Alto : 1,837 -0
- W

S Baixo : 0,038

Il Edificio
MWh anual
1,7-42
Il 42-71
Il 7,1-108
Il 108-1135
_Separagdo de classes em Quart

PEARLPV Trainin i
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Role of photovoltaics in cities

Facades LIDAR Astronomical
Data Model
Surface Model Shadow

~*  Height

1 Slope Aspect Map
Map Map
@diation > |i“.
model =

]
Hyperpoint | |
generation | |

B I _____ 4

i

Sky View
Factor

' '

Diffuse Radiation | | DirectRadiation

Solar potential map

PIARLPYV
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< PV FACADES

Annual solar
irradiation

2000
1800
1600

1400

0

kWh/m?2/year
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Role of photovoltaics in cities
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Role of photovoltaics in cities

PIARLPYV
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Solar radiation may be coupled with
Augmented Reality tools:
Solar radiation on the facades —

- android application

\--
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> SOLAR FACADES

We must distinguish several different situations with increasing complexity

Pure flat surfaces

Flat surfaces with different orientations on a complex stru

Partial shading

PIARLPYV



PV ENERGY

Energy generation depends on the angle of incidence

1000 W/m? 1000 W/m?2 x cos 0

PIARLPYV
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Power loss (%) due to misalignment

100
90
80
70
60
50
40
30
20
10

PIARLPYV

40

Angle (degrees)

60
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PV systems working with curved surfaces

Even when we know to calculate the irradiance in a module, it does not translate
easily into a power conversion in a straightforward way

Variable irradiance on curved surfaces can be
alleviated by choosing a specific string
connection that is adapted for the irradiance;
for example.

Or choosing a string connection according to the
dominating shadow we have in a facade.

PIARLPYV
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The same technique can be applied in a curved surface on a large rooftop or large power plant
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or by using individual micro inverters

PIARLPYV

SMART MODULES

Micro-inverters

PV module becomes AC device.

Easier installation.

v d String or Bectricity
Solar PV modubes connected in menes i X oud

Fimzre 1. In corveational stimg architectures, the poceest performing solar zaodade limits the outpat of the wiole syziem a5 the domino effect caa
koock ot all of the smng sverters

Solar PV modiukes connected in parallel

1207240V ac

| 50V60 Hr

Erecsys micro-nverters Blectricky
ard

WWW.enecsys.com
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Things get more complicated when you find this...
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Or this...

PIARLPYV

Because here we have a curved surface and a
moving car in a city environment
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Or this...

Rear cover glass
Bifacial solar cells
Front cover glass

Sunlight to the
module front

Reflected
diffuse
sunlight

direct sunlight
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PIARLPYV

During this summer school you will have the chance to deal with different
challenges in terms of PV simulation

THANK YOU
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