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Abstract

Depending on the season, the sun light entering a building has a varying impact upon the energy consumption of the building.
Thus, during winter, the sunlight reaching the fagade of a south-oriented building can provide passive solar heating, hence
reducing the energy consumption required to heat the building. Contrary to this, during summer, the sun rays penetrating the
building mainly through windows oriented towards the south lead to excessive accumulation of heat. To diminish the thermal
lack of comfort, it is necessary to increase energy consumption required to cool the building. The fixed shadowing devices such
as pergolas, when well designed, are able to significantly reduce the energy consumption required to cool the building during
summer and also to allow for the energy contribution from the solar beams, during winter. Shadowing has always been
recommended as a passive way to diminish solar heat input in constructions. In order to reach this aim, i.e. of reducing energy
consumption in buildings in Romania, the present paper presents the optimal dimensions of fixed shadowing devices, namely of
pergolas.
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1. Introduction

Passive design is the key to sustainable building, it responds to local climate and site conditions to maximise
building users’ comfort and health, while minimising energy use [5]. Using passive design can reduce temperature
fluctuations, improve indoor air quality and make a home drier and more enjoyable to live in. It can also reduce
energy use and environmental impacts such as greenhouse gas emissions [5].

Shading of house and outdoor spaces reduces summer temperatures, improves comfort and saves energy.
Effective shading (which can include eaves, window awnings, shutters, pergolas and plantings) can block up to 90%
of this heat [3]. Shading of glass to reduce unwanted heat gain is critical, as unprotected glass is often the greatest
source of heat gain in a house. However, poorly designed fixed shading can block winter sun. By calculating sun
angles and considering climate and house orientation, it can be used shading to maximise thermal comfort [6].

2. 1. Computation methodology

Passive design is the key to sustainable building, it responds to local climate and site conditions to maximise
building users’ comfort and health, while minimising energy use. Using passive design can reduce temperature
fluctuations, improve indoor air quality and make a home drier and more enjoyable to live in. It can also reduce
energy use and environmental impacts such as greenhouse gas emissions [4].

2.1. Determination of the position of the sun in the sky

The angle of the solar altitude ys [°] and the angle of solar azimuth ag [°] represent the polar or angular
coordinates defining the position of the sun in the sky relative to a reference point (observer) on the earth surface

(Fig. 1) [2].

Fig. 1 The angle of the solar altitude ys and the angle of solar azimuth as [2].
The two angles are calculated with [2]:

vs = arcsin(cos(m)-cos(p)-cos(d) + sin(¢)-sin(d))
as = 180° £ arcos((sin(ys)-sin(@) - sin(5))/(cos(ys)-cos(®)))
+ ="+" when the solar time ST > 12:00 and "-" when the solar time ST < 12:00

With the two angles (or polar coordinates), one can draw the diagrams of the positions of the sun in the sky. The
diagrams of the positions of the sun in the sky can be found for any location relative to the geographical coordinates,
either with the algorithm shown here or with other calculation devices, among which a software Of the University of
Oregon USA, Laboratory for monitoring solar radiation, software that can be found in the Internet [7].
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