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The sun. Energy Source

This closest star to Earth is characterized by:
- Equatorial radius: 695,000 km

- Mean surface temperature: 60002C

- Surface gravity: 274 m/s?

Inside are nuclear fusion constantly produces reactions
that release energy. The hydrogen atoms, the most
abundant element, combine to form helium atoms and
energy flows from the interior to the solar surface and
from there is radiated into space in all directions.

Part of the radiated energy is transported in the form
of electromagnetic waves (photons), which moves in a
vacuum at 300,000 km/s, taking about eight minutes to
travel the 150 million km that separate the Earth from
the sun.
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The sun. Energy Source

The Solar constant Is the flow of energy per m? that arrives to the outside of the atmosphere
per second, and its value is 1366 W/m?

Of this radiation only a small part reaches the Earth, the rest of the energy is reflected by the
atmosphere, or emitted into space in the form of infrared radiation.

Constante solar = 1366 [Watt/m2] +3% .
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Solar Constant:

Entry point into atmosphere:
Intensity ~ 1,350
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Energia Solar atil = 1000 [Watt/m2] (en promedio) ‘

l 1 year of solar radiation ~ 20 x world"s fossil reserves I
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INTRODUCTION
SOLAR ENERGY ON THE EARTH'S SURFACE

» Only a part of the solar radiation index reaches the Earth’s surface.

» The direct radiation that reaches the earth's surface is affected by the composition of the
atmosphere, as parts of the global radiation are reflected or diffused.

Global Horizontal Irradiance

70 180 350 Wim?

Directa + Difusa + Reflejada =
1.000 W/m?2-dia

Radiacion solar global = |
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Photovoltaic solar capture

» It consists of the direct conversion of light energy into ~ EUROPEAN SolarPower MAP o s

2014 Cumulative installed capacity and 2019 Scenarios for solar PV

electrical energy.

» The so-called Photovoltaic cells, Formed by very thin
sheets of semiconductor materials (for example,
silicon), transform solar light energy (photons) into
electricity through the stimulation of the electrons in
the semiconductor material.

Photovoltaic systems have reduced their costs by 75% over the last 10
years
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Photovoltaic System Components

> Solar Photovoltaic Modules

Monocrystalline Polycrystalline silicon Amorphous Silicon
Silicon
Performance: 16-18% Performance: 6-10%

Performance: 17 - 22%
Dark Blue
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Photovoltaic System Components

> Solar Photovoltaic Modules

Monocrystalline Silicon Polycrystalline Silicon

The most common sizes:
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The most common sizes:

60 Cells 60 Cells
1650x990x40mm 1650x990x40mm
300 - 340 Wp 265 - 280 Wp
Performance: 18.44 - 21% Performance: 16.2 - 17.2%
Vmp: 33V Vmp: 31V
Imp: 9 A Imp: 8.8 A
72 Cells 72 Cells
1956x990x40mm 1956x990x40mm
360 - 460 Wp 325-335Wp
Performance: 18.55 - 21.08% - Performance: 16.7 - 17.2%
Vmp: 39 V . Vmp: 37V

- Imp:9 A Imp: 8.8 A



Photovoltaic System Components

» Support Structure
Fixed structure

Flat roof or floor Pitched Roof
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Photovoltaic Solar Energy

Photovoltaic System Components

» Support Structure

Structure with a follower

Tracker Compared to Fixed Mount

Boost from Tracking
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Photovoltaic System Components

» Maximizer regulator /

Electronic equipment that controls the charging of the
batteries.

> Batteries
MONOBLOCK AGM Stationary

6-12V 6-12V 2V
Small Installations Small Installations Long service life
Economic Higher performance 50% 3000 cycles ( DoD)
Less useful life Maintenance-free
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Download High depth
Long service life

Maintenance-free
6000 Cycles (80%DoD)



Photovoltaic Solar Energy

Photovoltaic System Components

> Batteries
Main features to take into account:

- Voltage (V): 2,4, 6,12V

- Capacity (Ah)
- Depth of Discharge
- Life Cycles:
Lithium-ion battery Stationary OPzS
16000 8000
14000 \LS(I)O 7000

S \ -~
2 6000 ‘W 3000 \
° \
© \.
g 4000 4200 = 2000 —1
£ 2000 1000 20°C -
zZ o : : . : ‘ 0
20 40 60 80 100 0% 10% 20% 30% 40% S0% 60% 70% B80%
Depth of discharge % DoD %
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Photovoltaic System Components

> |nverter

The DC/AC inverters are electronic devices that allow you to convert the direct current
produced by the photovoltaic modules into alternating current.

Grid-tie inverter Off-grid inverter installation

Requires the presence of an electrical For isolated facilities in which the
network to transform energy to the equipment generates the network
same characteristics of the network switches suitable for use itself

Up to 1000 kW Up to 15kW
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Types of photovoltaic installations

>

Isolated installation

Photovoltaic installation without a network connection. The installation generates and
stores energy for later use.

Generic isolated

They are formed by:
*  Photovoltaic modules - i
*  Cruise control/Maximizing

. Battery Bank +

. Inverter/Charger v
*  Auxiliary generator
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Photovoltaic Solar Energy

Types of photovoltaic installations

> lIsolated installation

Photovoltaic installation without a network connection. The installation generates the
energy for direct use in a water pump.

SOLAR pumping V// 4/ / 4
hey are formed b Y/ /1774
T :
ey are orme. y V-/ /1 /.
. Photovoltaic modules V777771
*  Variable Frequency V[ [ [/ /{
Drive/controller i
*  Water Pump L
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Types of photovoltaic installations

> Installation with a network connection

Photovoltaic installation which injects all the energy generated to the electricity
distribution grid.

They are formed by:
. Photovoltaic modules
. Grid-tie inverters

DC POWER AC POWER AC POWER

; ; ==

A {,’ r\f\/ K\I\JPO—V;R'—C_O‘Né"P"ON
. 8 il e

INVERTER —_ ? :
p. i

PHOTOVOLTAIC MODULE DISTRIBUTION NETWORK
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Types of photovoltaic installations

» Installation for self-consumption

Self-consumption without accumulation

They are formed by:

Aapts :
T % - i *  Photovoltaic modules
. Grid-tie inverters
. Power M r
t1s 4 ower Mete
*  (Power Limiter)
<= <
}
= © -
ﬁ'_
Configurations: :
L X N
C Instantaneous consumption Time
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Types of photovoltaic installations

» Installation for self-consumption

Self-consumption with accumulation

They are formed by:

|- *  Photovoltaic modules
l *  Grid-tie inverter
*  Batteries
t)é .
. Power Meter
= v ol *  (Power Limiter)
' Energia consumida ¥ Inyectada © Autoconsumo Energia almacenada Energia extraida de la
en baterias bateria
‘ 5.000
1l R/
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—/
0
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Photovoltaic Solar Energy

General considerations SIZING AND INSTALLATION

» For optimum operation of the installation must take

into account the following factors:

- Radiation

- Tilt and orientation

- Loss by shade

- Loss due to dirt.

- Temperature of the cell

- Efficiency of the equipment

- Deterioration of solar panels

1660 kWhM*

eficiencia en STC = 16.98%

7659 MWh
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Irradiacion global horizontal

. +29.5% Global incidente plano receptor

[\ -2.4% Factor IAM en global
) 30% Pérdidas por polvo y suciedad del generador

Irradiancia efectiva en receptores
Conversion FV

Energia nominal generador (en efic. STC)
Pérdida FV debido a nivel de irradiancia

Pérdida FV debido a temperatura
Pérdida calidad de modulo

LID - "Light Induced Degradation"
Pérdida mismatch campo de médulo
Pérdida 6hmica del cableado

Energia virtual del generador en MPP

Pérdida del inversor durante el funcionamiento (eficiencia)
Pérdida del inversor a través de la Pnom inversor

Pérdida del inversor debido a umbral de potencia

Pérdida del inversor a través de la Vnom inversor

Pérdida del inversor debido a umbral de tension
Consumo noctumo

Energia Disponible en la Salida del Inversor

Energia reinyectada en la red



Photovoltaic Solar Energy
General considerations SIZING AND INSTALLATION

> Radiation

Radiation databases

PVGIS - European Commission

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

Address.

Home Tools ~ Download v Documentation ~ About us ~ \ews
E— o S
~Jeutschiand q Cursor:
-] KT i Dl Selected:
Elevation (m).

Last update: 17/05/2017 Top

Select location!

Use terrain shadows:

Upload horizon file

heou B e B
B | oo B PERFORMANCE OF GRID-CONNECTED PV )
Erro5a y {

Solar radiation database”

PV technology”

Installed peak PV power [kWp]"
System loss [%]"

Fixed mounting options
Mounting position *

Slope [*]" 35
Azimuth [°]" 0
PV electricity price
system cost (your currency

Calculated horizon

Lagal notice | Cookies

Contact | Englizh (en) |

Browse... | No file selected

Crystalline silicon

Free-standing -
Optimize slope
Optimize slope and azimuth
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PVGIS-5 base de datos de irradiacion geoespacial

Datos proporcionados

Latitud/Longitud:

Horizonte:

Base de datos

Afio inicial:

Afo final:

Variables incluidas en este informe:
Irradiacion global horizontal:
Irradiacion directa normal:
Irradiacion global con el angulo optimo:
Irradiacion global con el angulo °©
Ratio difusa/global
Temperatura media

Irradiacion solar mensual

200

100

Iradiacion mensual [K¥Whim2)

1-2007

03-2007

05-2007

Irradiacion
— Iiracacion horizonial

= |rradiacidn dngulo dptimo

39.823, -0.249
Calculado
PVGIS-CMSAF
2007

2007

Si
Si
Si
No
Si
Si

07-2007 09-2007 11-2007

= Wradiacion diracta normal



General considerations SIZING AND INSTALLATION

> Tilt and Orientation

Annual demand: BOpt=¢ - 10
Summer demand: BOpt =¢ - 20
Demand for winter: BOpt=¢ + 10

Perfil del médulo

B

. BOpt It is the optimum tilt angle and ¢ is the latitude of
T ST ST ST AT T T AN SN ST
the location.

Representacion del angulo azimut Inclinacion del médulo fotovoltaico

oimal Orientat

South orientation (Azimuth: 0°)

otimum inclination Castelld
30°
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General considerations SIZING AND INSTALLATION

» Losses by shadows

vAg
-Q-
A=H /Tg (612 - altitude of the place)

4

December 21

Solar day with lowest height of the Year

|
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Photovoltaic Solar Energy
General considerations SIZING AND INSTALLATION

> Other losses

Loss due to dirt.
Temperature of the cell
Efficiency of the equipment
Wiring losses

Deterioration of solar panels

~3 %. You can reach 30%. Six-monthly cleaning is

recommended
~8 %
~8 %
~1,2 %
809
Afo
25
Average yield of ~76%
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Photovoltaic Solar Energy

Calculation of production

» PVGIS

ek PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

European
Commission

European Commission > PVGIS > Herramientas > Herramientas interactivas

Home Herramientas ~ Descargas ~ Documentacion v El equipo ~ Novedades

ﬁﬂ‘E S 3/ Cursor: Utilizar las sombras del terreno:
2 : : Horizonte calculado
n G Seleccionadélegir o
z Y localizacion! Examinar
omanidd ¥ | Elevacién Cargar archivo de
f E A‘U§C AS]| (m): horizonte

y CONECTADO ARED ®: RENDIMIENTO DE UN SISTEMA FV
l CONECTADO A RED
FV CON SEGUIMIENTO
- ) Base de datos de radiacién v
| FV AUTONOMO solar'
o 7 159 I DATOS MENSUALES Tecnologia FV* Silicio cristalino el
) J“‘, d Potencia FV pico instalada [kWp]" 1
A 5 | S e Pérdidas sistema [%]" 14
A 1) /Nigeria 2 g o
< (g l e Opciones de montaje fijo
D) . Posicién de montaje * Posici6n libre v
™Y - e
| Inclinacién [°] 35 Optimizar inclinacién
Azimut [T 0 Optimizar inclinacién y
azimut
Precio electricidad FV
e Coste sistema FV [su divisa]
o MADEW::
babye g i B Interés [%/afio] v

| S
5 /
Direccién: Eg.Ispra, ltaly Lat/Lon: Eg. 45.8]|Eg. 8.61 @& Visualizar resultados
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Prototype demo

Arduino System

» A system that measures the humidity and temperature of the air and soil to control
agricultural farms or greenhouses.




» Calculation of photovoltaic solar system to suply the Energy requirements of the Arduino
system.

CONSUMPTION OF ARDUINO SYSTEM:
Arduino System has an energy consumption of 70 mA with 3.3V. This mean a consumption energy of:

0.070 (A) x 3.3 (V) = 0.231 Wh

For one day, the consumption calculated of the arduino system is 1680 mAh with 3.3V, which mean a
consumption energy of:

1.68 (Ah) x 3.3 (V) = 5.55 Wh

BATTERY: 2000 mAh (powerbank selected, higher than 1680 mAh), which gives a minimum
autonomy of 1,2 days without sun energy.

PHOTOVOLTAIC SOLAR CELL: It is needed to generate a minimum of 5.55 Wh per day.

JRC Photovoltaic Geographical Information System (PVGIS) - European Commission (europa.eu)

In December, the worst month of irradiation, is produced by a 5 W PV cell an energy of 520 Wh per
month. This mean a daily energy produced of 16.8 Wh. Higher than 5.55 Wh per day required by the
system.


https://re.jrc.ec.europa.eu/pvg_tools/en/

Solar thermosiphon system

» Prototype of thermosiphon system to heat water
from the sun Energy.
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