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Linking solar positions with architecture is a traditional idea, but the use of graphical
tools to control sunlight in urban surroundings or buildings is relatively recent.
A three-dimensional working environment like the computer offers a new dimension
to verify the relationships between the sun and the architecture. This paper shows
a new way to calculate the incidence of solar energy in architectural environments
using computer 3D modelling. The addition of virtual space visualisation to the
analytic computation brings a new tool that simplifies the technical study of sunlight.
We have developed several programs based upon the three-dimensional construction
of the solar vault and the obstructing objects for a defined position. The first one
draws the solar vault for a defined range of dates according to latitude, that is the
basis of the energetic calculation. The second program computes the obstruction,
i.e. the solar regions that are obstructed by any object. Finally, the third one, allow
us to define an orientation to compute the energy that arrives to the analysed
positioning. The last program returns the result of calculation in several ways: it
shows the amount of energy through colours and makes a list of solar hours
according to its energy.
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The matter
The application of graphical methods to control the
sun incidence in urban surroundings or buildings is
relatively recent, in spite of the historical tradition of
linking solar positions with architecture. Nowadays,
ambient parameters have an importance that had
stimulated the researches about this subject. And this
subject is mainly developed by computer systems.
Following the researches of the Departamento de
Expresión Gráfica of the ETSAB, we’ve exposed the
paper “Una nueva alternativa al estudio de la
obstrucción solar en los espacios urbanos” in the VI
Congreso Internacional de Expresión Gráfica
Arquitectónica (Pamplona, Spain) in 1996. In this work

there was presented the need to use the computer’s
capabilities in the three-dimensional working
environments to solve this type of problems.
The main proposal of that work was the
superposition of a three-dimensional sun’s path
diagram with any volume set. Making use of the great
capability of computer systems to solve graphical
problems with great accuracy in three dimensions,
we can put in one image the conic projection of those
volumes and the projection of the solar diagram. With
this process we can control the solar path’s
obstruction. Although this system allowed to obtain
very clear relationships between the sun and the
position and shapes of the buildings in the design field,
its mechanisms and results were exclusively graphical
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(qualitative) and not numerical (quantitative).
It’s important to say that some other works
published in some congresses had used a different
approach to control the ambient parameters of solar
incidence. We are referring now, for example, to the
works of Edna Shaviv, A. Yezioro and I. Guedi
Capelutto of the Faculty of Architecture and Town
planning, Technion - Israel Institute of Technology. In
these works, they study the sun’s incidence in
architectural and urban surroundings computing the
free and obstructed building areas that are seen from
the sun’s position.
Our approach is different. It consists of the study
of specific locations in urban or architectural
surroundings, analysing the incidence of the sunny
hours along the year for each one of these positions.
This implies that the sun’s incidence in a specific
location can be valued just quantifying the amount of
non-obstructed sunny hours. We can do it by looking
at the sun’s path over the celestial sphere from the
desired study point.
To do this analysis through those parameters, it
is necessary to generate a quantifiable threedimensional model of the sun’s path. And it must be
so versatile that it must be useful to apply it in any
position, attending to its orientation and latitude. The
elaboration of this model with a discretization of the
sun’s path by points allows relating it directly with any
volume set and quantifying the obstruction. Thereby,
we can obtain the solar obstructions that were
produced by the surfaces set between the energetic
source and the analysed location.
Also, with this model, it can be accurately fixed
the sunrays’ direction that falls over the analysis point
respect its support plane. This approach allows
making an energetic valuation of the sunny hours
received by the analysed point, applying the correction
due to the angle between the falling ray and the
receiving surface – calculating the cosine -. At the
same time, this model lets to compute the energetic
reduction due to the ray’s passing through the
atmosphere, - just by knowing the zenith distance,
measured in degrees -.
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In this way, we maintain the visual and graphical
parameters of previous proposal (Pamplona 1996),
but now we go further away. In the present work, main
goal is not only to obtain the precise number of sunny
hours that receives a specific position, but also to know
the ‘quality’ of these received sunny hours, i.e. its
energetic quantification along this interval of time.
Since we start from the control of any point in the
three-dimensional space, we can think about solving
problems as the location and positioning of solar
panels or architectonic elements, as windows, eaves,
solar protections, etc. We can establish a more
appropriated criterion, since we can obtain those
elements’ optimum location attending at the maximum
performance that it present relating to the sun’s path.
In this way, the architectonic or urban design’s process
is enriched while developing the project. This
proposed solar analysis model allow to preview the
relationships between architectonic locations and
shapes and the influence of the sun, which allows to
make an enhanced agreement between the design
idea and the need that this idea works properly with
its energetic requirements.

Figure 1 (left).
(a) relationship between solar
vault and buildingblock.
(b) building obstructions over
solar vault.

The programs
Set in the framework of developing the control of solar
positions and its possible applications, we have made
several programs instead of a single one. In this case,
we had been interested in the calculation of the
received energy by an arbitrary plane, but, as we have
said, this paper is part of a more broad research. Our
main interest is to look at how the computer demands
a change in the way that we control the sun’s
incidence, overcoming the traditional two-dimensional
diagrams.
If our final interest were the calculation of the
received energy by a plane (or even its graphical
control), the approach to the problem would have been
very different. Probably, we would have developed a
single program that returns the numerical value of the
radiation (and it wouldn’t be a new proposal). At most,
we would have developed a single program that shows
graphically the radiation received by a plane or a
series of it. Since our main interest is centred in the
graphical control of the solar path, the energetic
calculation is just a part of our work, and its
applications can be very broad in other fields.
This way, we have separated the problem in
several more little problems, and we have developed
little routines that had allowed us to solve them one
by one. This modularity will allow us to extend this
work to other fields.
The first problem is, in a sense, the cornerstone
of our work, i.e. the substitution of the classical solar
diagram by a computer entity that simplifies the
graphical control of the solar path. Even though we
yet solved this problem previously, we have gone
forward in this line proposing a program that calculates
the Sun’s path and makes a series of entities that
represents it. This approach gives us a greater
accuracy than the previous one and, at the same time,
gives us a quantitative control of the number of
radiation hours. This sun model has the advantage
that it can be useful to many other proposals such as
building lighting, solar panels, accurate shadow’s
shape of architectural elements, etc.

The second one was the calculation of the
obstructed part of the solar vault. Once set an arbitrary
point, if we want to know the received energy, we must
know the amount of radiation hours that receives its
support plane. In this process, we take advantage of
the way we have planned the solar vault
representation (as explained in the last paragraph).
The last problem was the calculation of the
received energy. It was not the most difficult of the
problems, because we can do this very easy just
calculating an angle between two spatial vectors and
applying an atmospheric coefficient formula, as we
will see later.
Three programs solve these three problems.
There are also four support routines, which show the
sun’s data for a specific point and help some drawing
process. So, lets see in detail how this three main
routines work.

Sunvault, the program that makes
the solar vault
This is the first one of the three programs that we
have developed for this work and is also the first one
that we must use to calculate the received energy by
a plane. It shows us a dialog box that allows us to
define exactly what we want to model.
In the first set of boxes (size and position), we
enter the centre point and the radius of the vault and
the north direction. The centre of the vault will be the
analysed point (it is important for the calculation of
the obstructions and will be explained later). The
radius is a very simple concept that, at first, hasn’t
any complication, but it needs a more detailed
explanation. We are constructing an abstract entity
that represents the solar path, not the solar path in
itself, which, in fact, doesn’t exist because the Earth
goes around the Sun and not vice versa. So, when
we talk about the radius, we are not referring to the
radius of the Earth’s orbit. Since we are working with
a single point and the calculations are radial, the radius
is only a measure that must fit in our drawing, and do
not take effect in the numerical result. The north
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direction parameter allows us to tell to the program
how our model is oriented referred to the cardinal
points.
In the second set of boxes (Each point
represents), we define the discretization accuracy of
our calculation. If we choose that each point
represents half-an-hour, then we will get 48 points to
represent a complete day (night and day included,
which means that, for the majority of the latitudes, we
will not see all of the daylight points). In the same
way: if we choose that each point represents 30 days,
then we will get 12 rings to represent one complete
year.
Up to here, we have defined ‘how’ we want the
vault, but don’t have defined ‘what’ do we want of the
vault, i.e. how many days, how much ‘time’ we want
to represent. In the third set of boxes, we chose from
which day to which day we want to draw the solar
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path. For instance, we can make a single day, or a
single month. We can also represent more than one
year – this is allowed because the solar path is not
exactly the same from one year to another one.
Once we have defined exactly what do we want
to represent, the program draws all the necessary
points. Here is important to say what is exactly drawn,
because it’s not a good idea to represent the solar
path with full precision. The Earth, in its journey around
the sun, has, at least, three relevant movements: daily
rotation, annual revolution and precession of the
equinoxes, with periods of one day, one year and ...
almost 26000 years! (it has also the movement called
nutation). Taking all these movements and
implementing all its periods is pretty difficult to
implement. Considering the problem from a more
practical point of view, we decided that were much
better to represent the sun’s movement starting from
the calendar. Here we had another problem, because
the Gregorian calendar, the one valid today, has a
period of 400 years (exactly 146099 days, due to the
leap years). Finally, we decided to take the Julian
calendar, which has a period of four years (exactly
1461 days) and which produces a maximum error of
1-2 hours for an interval of 50 years (1-2 hours is
equivalent to 0,016º in the calculation of the zenith
distance). For the present work, it would have been
far enough by considering a 365 days year, but we
thought that giving more precision to the program it
would be more powerful and could be used for other
purposes.
Once the solar vault is drawn, we can move, rotate
and scale it maintaining its properties, which means
that is possible to make a vault and then re-use it to
do many tests, unless we want a different accuracy
or a different latitude.

Sunobstruct, the program that
computes the obstruction of the
vault
Depending on what we want to obtain, we can use or
not this program. While, with sunvault, we can draw

Figure 2 (left). The program’s
dialogue boxes; sunvault,
sunobstruct, sunenergy and
on the right bottom info about
a discretisation point and
energy results.

Figure 3 (bottom right).
Discretisation of solar vault
for Barcelona. Latitude 41º
30’. (a) high density,
complete year. (b) low
density, April 15 to September
30.
Figure 4 (top right).
Energetic solar vault.
(a) plan view and,
(b) axonometric view of solar
vault over a building stock in
Barcelona.

an abstract solar vault, to use sunobstruct we must
refer it to a 3D model of what we want to analyse.
Supposing that we want to analyse a point that is close
to some volumes, we must know if it’s obstructed or
not by this volumes. With sunobstruct we can do it:
first, we model the volumes; then, we draw the solar
vault centred in the point which we want to analyse
with sunvault; finally, we execute sunobstruct to
calculate which points are obstructed by the volumes.
To do this, internally, the program traces one ray from
the centre to each point of the vault and, if this ray
intersects with any volume, then it marks the point as
obstructed.

Sunenergy, the program that
calculates the energy
This last program is, properly, the one that gives the
name to the present paper. With it we can calculate
the received energy by a point contained in a plane
depending on its three-dimensional positioning.
Simply we must tell to the program which is the plane
and which is the solar vault. After the computation, it

changes the colour of the vault points depending on
the energy that receives the plain due to the sun’s
position that represents this point (of course,
considering that an obstructed point – computed with
the previous program – will not give energy).
In this way, we can obtain not only the total amount
of energy, but also the daily and annual distribution of
this received energy. This calculation takes into
account the energy reduction due to the angle formed
by the sunray and the plane. It also takes into account
the energy reduction due to the atmosphere – which
varies with the zenith distance-. Considering it, we
can discover that, depending on the positioning of the
plane, the greater amount of energy is on one day at
one specific hour or in another one (and, due to the
atmospheric effect, it’s not always the obvious one).
This can be useful, for instance, to decide the
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positioning of solar panels in a difficult partially
obstructed location.
The graphical representation of the energy by
rainbow colours gives us additional data, which
couldn’t be considered with the numerical control.
Sunenergy also shows us a statistical of the radiation’s
quality: starting with the maximum possible value of
the received energy for the current latitude, it
calculates how many sunny hours will we get of a
10% of this maximum value, how many of a 20%,
etc. These data tells us about the uniformity of the
received energy along the time. This program also
allows us to put those data in a file, which can be
loaded with a spreadsheet.

Notes
[A] Translation: ‘A new alternative to the solar
obstruction’s problem in urban surroundings’
[B] I(z)=I0 e -c (sec z) , taken from ‘Applied Solar Energy.
An Introduction’ by Aden B. Meinel & Marjorie P.
Meinel. 1976 Addison-Wesley publishing
company
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Figure 5 (left). Sun vault
values loaded in spreadsheet.

