	AF_EE03_Photovoltaic System Installations
Unit 1


OVERVIEW
As a primary approach you should have a general idea about why the Photovoltaic (PV) Systems and solar energy has been increasing its importance in our society.
Here you will find two videos: “Introducció. Energies Renovables” and “Energia solar fotovoltaica” from the ICAEN (Institut Català de l’Energia), as a good resource in catalan to start with:
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	Energies Renovables
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	Energia Solar Fotovoltaica


Thus, at this point you must have 2 ideas regarding Photovoltaics:
1) A PV system needs sunlight (solar radiation) to work.

2) The two Earth movements make solar radiation vary along the year and during a day, depending on the location foreseen for the installation. 
Now we are going to know more about these 2 points:
1.1. SOLAR RADIATION. 

There are 4 different radiations to take into account:

· Global radiation: the sum of direct, diffuse and albedo radiation.
· Direct or Beam radiation: The solar radiation propagating along the line joining the receiving surface and the Sun. Sunlight that reaches the Earth’s surface without scattering
· Diffuse radiation: The solar radiation scattered by aerosols, dust and molecules. It does not have any unique direction.
· Albedo radiation (reflected): Albedo is the fraction of solar energy (shortwave radiation) reflected from the Earth. This means, sunlight reflected from the ground. It is given in %. 

An albedo of 1 means that 100% of incoming radiation is reflected (no radiation is absorbed); an albedo of 0 means that 0% of incoming radiation is reflected (all radiation is absorbed).
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The quantity of sunlight absorbed or scattered depends on the length of the way through the atmosphere. This path length is generally compared with a vertical path directly to sea level, which is designated as Air Mass. For instance, it is not the same quantity of air a solar beam has to go through at 15:00 h. than at 18:00 h, for the sun’s position at 15:00h makes the beam arrive the Earth in a straighter way. 
To measure the quantity of solar radiation we consider the following concepts::
· Irradiance: is the instantaneous power of radiation per unit of area (W/m2). 

The solar constant for Earth is the irradiance received by the Earth from the sun at the top of the atmosphere, i.e., at AM0, and is equal to 1367 W/m2. After passing through the atmosphere with a path length of AM1, the irradiance is reduced to approximately 1000 W/m2, and has a modified spectral content due to atmospheric absorption. The irradiance for AM1.5 is accepted as the standard test conditions calibration spectrum for photovoltaic cells.
· Irradiation (G) is energy density of sunlight and is measured in kWh/m2. Since energy is the sum of power (integrated) over time, irradiation is the sum (integral) of irradiance. Normally, the time frame for integration is one day, which, of course, means during daylight hours.

Irradiation is often expressed as peak sun hours (psh). The psh is simply the length of time in hours at an irradiance level of 1 kW/m2 needed to produce the daily irradiation obtained from integration of irradiance over all daylight hours.

Both irradiance and irradiation will depend on location, weather conditions, time of year, shadows and whether the surface is horizontal or inclined. The daily irradiation is numerically equal to the daily psh.

The amount of irradiation available at a given location at a given time depends on the angle between the PV panel area and the incident beam and the number of hours of sunlight.

1.2. THE SUN MOVEMENT

The Earth describes 2 movements.

· Translation: around the sun in an ecliptic trajectory, responsible for the different seasons of the year.
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Rotation: around its own axis, with a certain inclination. Whilst, we can define the declination, as the angle between the axis of the Earth and the plane containing the ecliptic orbit of the Earth.

Declination can be defined as:
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· n = number of day in the year, considering 365 days / year.  1 ≤ n  ≤  365
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 ≤ 23,45º
As the PV panels will be installed in a concrete location in the Earth, we have to consider the movement of the sun from the point of view of an observer in the Earth. So, whilst we know the Earth moves around the Sun, to calculate PV systems we consider the movement we observe of the sun in the sky from the Earth.
We call celestial sphere the reference system from which we study the position of the sun in the sky along the year. It is an imaginary sphere, which is centered on the observer.
Now we can define the Zenith as the intersection between the celestial sphere and the vertical direction from the observer.
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Aparent trajectory of the sun from the 

Barcelona’s Solar Chart.
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North hemisphere. 
Next, we need to define the position of the sun. 
So, we need two coordinates from the celestial sphere system of reference, similar to the longitude and latitude, which we call elevation and azimuth.
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Azimuth (Ψ): The horizontal orientation. 

Azimuth is the angle between the meridian where the sun is situated and the meridian where the PV panel will be situated. It is related to longitude.
If we are in the Northern hemisphere, our panel will be facing the South. 
Thus, 0º ≤ Ψ ≤ 180º, towards the West,
Or, 0º ≥ Ψ ≥ -180º, towards the East.
To orientate the panel, 

0º will be set on the South, therefore,

-90º is the East

+90º is the West

sunlight
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Elevation (β): The inclination of the surface (panel).
Elevation is the angle between the horizontal and the sunlight beam. It is related to latitude.
β
β
Its value varies from (90º - ϕ - δ) during winter solstice 
β 



to (90º - ϕ + δ) during summer solstice. 
Being ϕ = latitude and δ = declination

We can also define the zenital angle (θzs) as the complementary angle to the Elevation. That is, the angle between the direction of the sun and the vertical (zenith).
Hence, the Air Mass, AM = 1/ sinβ = 1/cos θzs
To set easily install solar panels, taking the maximum advantage of the solar energy, many entities elaborate solar charts and solar atlas. 
A solar Atlas gives the media of irradiation (G) in a location depending on the azimuth, elevation and the month of the year. Its values are usually given in MJ/m2/day. 
	TO KNOW MORE

You can change MJ into kWh, for both of them are energy units. 1kWh = 3,6MJ

If you want to know more about the kWh, you can visit the following web:

[image: image5.png]



1 kWh????



ICAEN stands for “Institut Català de l’Energia” and it is an official entity which manages energy issues in Catalonia.
You can find a public official Solar Atlas of Catalonia in the following link, looking for the document called “Atlas de Radiació Solar de Catalunya. Edició 2000. Pdf”. 
You must consult the “Anex IV”, to see the best azimuth and elevation considering the level of irradiation.
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	Atles de Radiació Solar a Catalunya. Edició 2000


	HIGHLIGHTS

So, to decide rapidly the panel’s azimuth and elevation, first, you must consult the Atlas at the installation’s location page. Secondly, depending on the foreseen working months of the PV system, we will make a media of the irradiation values. And, finally we will choose the elevation corresponding to the highest irradiation value. Case of working all the year, we can directly consult the last column. 


1.3. MEASUREMENT TOOLS
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	Solar Pathfinder


Pyrheliometer
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The pyrheliometer is a broadband instrument that measures the direct (or beam) component of solar radiation at normal incidence. This means the instrument is always aimed directly at the Sun. Solar irradiance enters the instrument through a sealed crystal-quartz window and the sunlight is directed onto a thermopile which converts heat to an electrical signal that can be recorded. A calibration factor is applied when converting the mV signal to an equivalent radiant energy flux, measured in watts per square metre.
Pyranometer

It is a sensor that is designed to measure the solar radiation flux density (in watts per metre square) from a field of view of 180º. The working principle of a pyranometer is the same as a pyrheliometer except for the fact that a sensitive surface is exposed to the total beam, diffused and reflected from Earth and surrounding radiation. The sensitive surface is covered by two concentric hemispherical glass domes to shield it from wind and rain. This also reduces the convection currents. A pyranometer, when provided with an occulting disc, measures the diffuse radiation. This disc, or band, blocks the beam radiation from the surface.

1.4. TO SUM UP

Watch the following video which summarizes the most imortant concepts.
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	Solar Orientation
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