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Introduction 
In the collection and organization of 
environmental data for a Design that knows 
how to use the resources of the project site, 
the solar analysis is the procedure that aims to 
know the ways in which the radiation of the 
sun reaches the place of study in different 
periods of the year. 
In particular, the main purpose is to establish 
how direct radiation affects the different 
environments or affects the different 
technical elements of the building; the solar 
flux can indeed substantially modify the 
physical quantities that define the 
meteorological climate and the lighting 
conditions.

The information that can be obtained is: first, 
to know if and when the direct radiation of 
the sun hits a particular surface, and second, 
know how much energy invests that surface. 
In the first case we see Sunshineing or 
Daylighting while in the second we talk about 
Irradiation; in the meta-design it will be 
important to perform a correct amount of 
sunshine, because it will be possible to 
determine in the project site which are the 
warmest and brightest places; in the thermal, 
lighting and photovoltaic calculation it will be 
necessary to determine the solar irradiation, 
because it will be possible to correctly design 
the technical elements and the plants at the 
service of the construction.

Solar analysis
The solar analysis is a complex procedure 
dependent on several factors that at various 
levels modify the amount of energy, coming 
from the sun and the sky, which affects the 
external surfaces of the building. In order to 
proceed, it will be necessary to know the 
geographical position of the place, and that is 
the longitude, latitude and altitude on which 
the apparent trajectory of the sun depends. 
Secondly, it will be necessary to establish the 
periods of the year during which to carry out 
the research, as in addition to changing the 
position of the sun, the meteorological 
conditions will also be different; the latter, 
and in particular the cloud cover present, can 
attenuate both the amount of direct energy 
coming from the sun and that diffused by the 
atmosphere. 
The "Sunshine" is carried out in extreme 
periods (June 21th and December 21th, summer 
and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the

shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
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and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the

shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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Introduction 
In the collection and organization of 
environmental data for a Design that knows 
how to use the resources of the project site, 
the solar analysis is the procedure that aims to 
know the ways in which the radiation of the 
sun reaches the place of study in different 
periods of the year. 
In particular, the main purpose is to establish 
how direct radiation affects the different 
environments or affects the different 
technical elements of the building; the solar 
flux can indeed substantially modify the 
physical quantities that define the 
meteorological climate and the lighting 
conditions.

The information that can be obtained is: first, 
to know if and when the direct radiation of 
the sun hits a particular surface, and second, 
know how much energy invests that surface. 
In the first case we see Sunshineing or 
Daylighting while in the second we talk about 
Irradiation; in the meta-design it will be 
important to perform a correct amount of 
sunshine, because it will be possible to 
determine in the project site which are the 
warmest and brightest places; in the thermal, 
lighting and photovoltaic calculation it will be 
necessary to determine the solar irradiation, 
because it will be possible to correctly design 
the technical elements and the plants at the 
service of the construction.

Solar analysis
The solar analysis is a complex procedure 
dependent on several factors that at various 
levels modify the amount of energy, coming 
from the sun and the sky, which affects the 
external surfaces of the building. In order to 
proceed, it will be necessary to know the 
geographical position of the place, and that is 
the longitude, latitude and altitude on which 
the apparent trajectory of the sun depends. 
Secondly, it will be necessary to establish the 
periods of the year during which to carry out 
the research, as in addition to changing the 
position of the sun, the meteorological 
conditions will also be different; the latter, 
and in particular the cloud cover present, can 
attenuate both the amount of direct energy 
coming from the sun and that diffused by the 
atmosphere. 
The "Sunshine" is carried out in extreme 
periods (June 21th and December 21th, summer 
and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the
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shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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Introduction 
In the collection and organization of 
environmental data for a Design that knows 
how to use the resources of the project site, 
the solar analysis is the procedure that aims to 
know the ways in which the radiation of the 
sun reaches the place of study in different 
periods of the year. 
In particular, the main purpose is to establish 
how direct radiation affects the different 
environments or affects the different 
technical elements of the building; the solar 
flux can indeed substantially modify the 
physical quantities that define the 
meteorological climate and the lighting 
conditions.

The information that can be obtained is: first, 
to know if and when the direct radiation of 
the sun hits a particular surface, and second, 
know how much energy invests that surface. 
In the first case we see Sunshineing or 
Daylighting while in the second we talk about 
Irradiation; in the meta-design it will be 
important to perform a correct amount of 
sunshine, because it will be possible to 
determine in the project site which are the 
warmest and brightest places; in the thermal, 
lighting and photovoltaic calculation it will be 
necessary to determine the solar irradiation, 
because it will be possible to correctly design 
the technical elements and the plants at the 
service of the construction.

Solar analysis
The solar analysis is a complex procedure 
dependent on several factors that at various 
levels modify the amount of energy, coming 
from the sun and the sky, which affects the 
external surfaces of the building. In order to 
proceed, it will be necessary to know the 
geographical position of the place, and that is 
the longitude, latitude and altitude on which 
the apparent trajectory of the sun depends. 
Secondly, it will be necessary to establish the 
periods of the year during which to carry out 
the research, as in addition to changing the 
position of the sun, the meteorological 
conditions will also be different; the latter, 
and in particular the cloud cover present, can 
attenuate both the amount of direct energy 
coming from the sun and that diffused by the 
atmosphere. 
The "Sunshine" is carried out in extreme 
periods (June 21th and December 21th, summer 
and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the

shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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Introduction 
In the collection and organization of 
environmental data for a Design that knows 
how to use the resources of the project site, 
the solar analysis is the procedure that aims to 
know the ways in which the radiation of the 
sun reaches the place of study in different 
periods of the year. 
In particular, the main purpose is to establish 
how direct radiation affects the different 
environments or affects the different 
technical elements of the building; the solar 
flux can indeed substantially modify the 
physical quantities that define the 
meteorological climate and the lighting 
conditions.

The information that can be obtained is: first, 
to know if and when the direct radiation of 
the sun hits a particular surface, and second, 
know how much energy invests that surface. 
In the first case we see Sunshineing or 
Daylighting while in the second we talk about 
Irradiation; in the meta-design it will be 
important to perform a correct amount of 
sunshine, because it will be possible to 
determine in the project site which are the 
warmest and brightest places; in the thermal, 
lighting and photovoltaic calculation it will be 
necessary to determine the solar irradiation, 
because it will be possible to correctly design 
the technical elements and the plants at the 
service of the construction.

Solar analysis
The solar analysis is a complex procedure 
dependent on several factors that at various 
levels modify the amount of energy, coming 
from the sun and the sky, which affects the 
external surfaces of the building. In order to 
proceed, it will be necessary to know the 
geographical position of the place, and that is 
the longitude, latitude and altitude on which 
the apparent trajectory of the sun depends. 
Secondly, it will be necessary to establish the 
periods of the year during which to carry out 
the research, as in addition to changing the 
position of the sun, the meteorological 
conditions will also be different; the latter, 
and in particular the cloud cover present, can 
attenuate both the amount of direct energy 
coming from the sun and that diffused by the 
atmosphere. 
The "Sunshine" is carried out in extreme 
periods (June 21th and December 21th, summer 
and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the
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shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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Introduction 
In the collection and organization of 
environmental data for a Design that knows 
how to use the resources of the project site, 
the solar analysis is the procedure that aims to 
know the ways in which the radiation of the 
sun reaches the place of study in different 
periods of the year. 
In particular, the main purpose is to establish 
how direct radiation affects the different 
environments or affects the different 
technical elements of the building; the solar 
flux can indeed substantially modify the 
physical quantities that define the 
meteorological climate and the lighting 
conditions.

The information that can be obtained is: first, 
to know if and when the direct radiation of 
the sun hits a particular surface, and second, 
know how much energy invests that surface. 
In the first case we see Sunshineing or 
Daylighting while in the second we talk about 
Irradiation; in the meta-design it will be 
important to perform a correct amount of 
sunshine, because it will be possible to 
determine in the project site which are the 
warmest and brightest places; in the thermal, 
lighting and photovoltaic calculation it will be 
necessary to determine the solar irradiation, 
because it will be possible to correctly design 
the technical elements and the plants at the 
service of the construction.

Solar analysis
The solar analysis is a complex procedure 
dependent on several factors that at various 
levels modify the amount of energy, coming 
from the sun and the sky, which affects the 
external surfaces of the building. In order to 
proceed, it will be necessary to know the 
geographical position of the place, and that is 
the longitude, latitude and altitude on which 
the apparent trajectory of the sun depends. 
Secondly, it will be necessary to establish the 
periods of the year during which to carry out 
the research, as in addition to changing the 
position of the sun, the meteorological 
conditions will also be different; the latter, 
and in particular the cloud cover present, can 
attenuate both the amount of direct energy 
coming from the sun and that diffused by the 
atmosphere. 
The "Sunshine" is carried out in extreme 
periods (June 21th and December 21th, summer 
and winter solstice) and in the intermediate 
ones (September 23th and March 21th, autumnal 
and spring equinox); "Irradiation" is extended 
to all months of the year.

Sunshineing
This procedure has the purpose to determine if 
and when the direct radiation of the sun 
affects the surfaces involved in the study; since 
the parts in light and in shadow are identified, 
it is also called "Shadowing". The first tool used 
is the Solar Diagram, a diagram that shows the 
apparent trajectory of the sun in the sky. 

This diagram depends on the longitude, 
latitude and altitude of the place, and can be 
easily determined using the tools available 
online1. In these drawings, the trajectory of 
the sun is represented by a curved line that 
has its peak at noon, when the star is in the 
south direction; the representation can use 
Cartesian altazimuth coordinates (the space of 
the diagram is a rectangle), or polar 
coordinates (the space is circular).
The ENEA portal also allows you to download 
tables showing azimuth and height of the sun 
in different periods of the year. By inserting 
the tables in a spreadsheet, it will be possible 
to reconstruct the Cartesian diagram, and on 
this continue the study of the sunshine, 
determining two important lines: the 
geometric horizon and the physical horizon of 
the place. 
The “geometric horizon” is a straight line 
having an angular height α that can be 
determined through a simple formula2. On the 
diagram it is sufficient to draw a horizontal 
line that meets the y axis precisely in the 
previously found value α. This line represents 
the horizon limit that separates the sky from 
the sea surface. To identify the physical 
horizon it is necessary to have a geographical 
map, because it is necessary to determine the 
line that represents the apparent boundary 
assumed by the set of geographic surveys seen 
by the locality of calculation, and these can be 
even hundreds of kilometers distant. The line is 
more precise if numerous points are identified. 

However, the process is long, and it is not 
extremely important to reach a high level of 
detail; it is therefore possible to limit the 
resolution to a total of 24 points. To do this, it 
is necessary to perform geographic sections, 
centered on the project site: the first section 
is made using a secant plane in a north-south 
direction; the subsequent ones are obtained by 
rotating the plane (and keeping the center) by 
15° up to cover the full circle (360°). For each 
section, the angle β must be calculated using a 
specific formula. On the diagram the 24 values 
are drawn: for the section facing south, the 
relative value of β must be positioned at the 
azimuth of 0°; proceeding clockwise for 15° 
intervals, the different angular heights are 
inserted (in particular in the west direction 
there is an azimuth of 90°, the east direction 
corresponds to -90° and the north direction 
corresponds to ±180°). 
The physical horizon is the union of the points 
shown on the diagram (see fig01).

fig01 – Phisical horizon, and determination of the angular 

height of physical reliefs.

The physical horizon may have the effect of 
postponing the time of sunrise and anticipating 
the time of sunset; these times are indicated in 
the tools available online with reference to the 

astronomical horizon, that is to the line of 
angular height equal to 0°. If there are high and 
nearby mountains, sunrise and sunset can vary 
greatly. If you do not have a software capable 
of determining the shadows present on the site, 
you will need to proceed by identifying them 
individually. It is necessary to draw the 
obstructions on the solar diagram, that is all the 
objects capable of projecting shadow: they are 
all those artificial (construction) or natural 
(trees) obstacles that stand between the sun 
and the observation point. The determination of 
the angles (azimuth and height) to be reported 
on the diagram is carried out as described in 
Figure 02: a geographical reference is placed in 
the center of the place of intervention, and the 
azimuthal angles (γ' and γ") and the angular 
heights are determined (α' and α"). Sometimes 
it may be necessary to determine more than 
two pairs of angles when the building is very 
large, because the upper edge does not remain 
straight in the diagram, but curves upwards 
with an almost sinusoidal shape. 

fig02 – Determination of the obstructions to be drawn on 

the solar diagram.

The geometric construction must naturally be 
repeated for each obstacle: the set of all the 
curves obtained represent in the diagram the 
skyline visible from the chosen observation 
point. 
This method works for obstacles 200 meters 
away and beyond; below this limit the parallax 
error becomes more consistent, and a diagram 
should be made for each surface of the 
building involved in the daylighting: it is 
therefore less expensive to create a 
three-dimensional virtual model and perform 
the calculation as described later in this 
paragraph. The set of geometric and physical 
horizons, combined with the previously 
determined skyline, make it possible to 
identify the region of the sky not covered by 
any obstacle, and therefore to establish the 
hours during which direct solar radiation 
invests the calculation site. 

Figure 3 shows the set of these three lines, 
and it is evident that it is possible to identify 
with discrete approximation the hours of 
direct illumination of the sunlight.
Alternatively you can use a CAD modeling 
software: by entering all the buildings near 
the observation point (below 200 meters 
away), you can render the area at a particular 
time of day. Using a CAD tool, only the model 
must be created: lights and shadows are 
generated directly by the program without 
requiring additional hours of work.
To obtain a complete solar analysis, it is 
necessary to repeat these renderings for both 
solstices and at least one of the equinoxes. 
The moments for which rendering is required 
are midday, an hour after sunrise and an hour 
before sunset. Some dedicated software3 allow 
you to conduct an accurate study of the 
shadows through a graphic that "overlaps" the

shadows generated during the different hours 
of the day: the different shades of gray allow 
you to immediately see the areas less affected 
by direct solar radiation (see fig044).

fig04 – Sun path and shadows in Ecotect Analysis 2011 by 

Autodesk

Irradiation
During the sizing of the technical elements and 
determination of the environmental 
characteristics it is important to calculate the 
amount of energy that affects the various 
surfaces of the project. Solar radiation is 
calculated when it is necessary to know the 
total energy received in a given period (one 
day, one month or one year) and Irradiance if 
it is necessary to know the power captured by 
the surface at a given time. The results 
obtained are used in the procedures for 
calculating the internal temperature of a 
building5, of natural illumination6, of the 
useful energy to be converted by photovoltaic 
or solar thermal panels7.

The procedure described below needs to have 
carried out the previous sunshineing analysis, 
as it is important to know the portion of the 
surface directly hit by the sun's rays. 
First, the monthly average monthly irradiation 
will have to be calculated, ie the energy that 
hits a square meter of horizontal surface in a 
given month. 
The calculation formula is a standard9, and 
uses climatic tables where values of direct 
and diffuse radiation are reported recorded in 
the provincial capitals existing at the date of 
publication; with a simple linear interpolation 
based on the latitudes, the analogous values 
of irradiation are obtained on the horizontal 
plane for the calculation site:

The 101 irradiation values, and the latitudes 
used in the formula, are available online, like 
some free tools8; the Italian Solar Radiation 
Atlas is also available on the website of the 
Alternative Energy National Authority9, which 
can provide interesting products for use in 
calculations.
Known irradiation, it is possible to derive 
solar irradiance on a surface generally 
oriented with respect to the south direction 
and inclined with respect to the horizontal 
plane. 
The procedure is a standard10, but today is 
repealed since software is available to perform 
the calculation in a computerized way.

The method, despite being simplified because 
it involves the use of an isotropic sky model 
where the sky radiation is considered uniform, 
must however be repeated for each external 
surface present in the construction, requiring 
therefore a very long work. Alternatively, 
dedicated programs allow you to perform 
extremely precise evaluations using the same 
3D model designed for sunshine (see fig0511).
The use of a three-dimensional model also 
makes it possible to take into account the 
solar shading, that is, the projections and 
recesses present on the facades. These shields 
play a very important role in controlling the 
solar factor, that is, the mechanism by which 
the technical elements receive, accumulate 
and transfer thermal energy from the sun. For 
this reason, the use of a procedure that 
involves a hand calculation, without resorting 
to automated computation techniques, is 
definitely to be considered outdated.

fig05 – Incident solar radiation in Autodesk Ecotect Analysis 2011.

Conclusions
The article aims to illustrate techniques, 
procedures and approaches to the solar 
analysis of a site. This analysis plays a 
fundamental role in determining the lighting 
and thermal conditions of a place, and it is 
therefore essential to conduct an accurate 
study in order to be able to make an informed 
choice during the design. 
The Sunshineing does not require the use of 
special software, and allows to effectively 
orientate the Design of Architecture, providing 
spaces and elements capable of maximizing or 
minimizing the effect of direct sunlight 
depending on the need.
The method of analysis proposed is not the 
only one: in fact, different approaches to the 
problem are available in the literature, just as 
different procedures and numerous methods of 
representation can be used to clearly show the 
effect of the sun on the different parts 
designed. However, it must be clear that the 
solar analysis is an absolutely necessary 
moment for Designers who want to correctly 
face the Environmental Design in a Sustainable 
perspective.
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