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EXTENDED ABSTRACT

Introduction

The amount of fossil fuels’ consumption in Tehran is very high. The total power consumption in
Tehran in 2009 was 30966 million kWh and gas consumption was 29766 million m*. About
37.1% of electricity consumption and 93% of gas consumption in Tehran were related to
household use. Also, 10.5% of the total energy carriers of the country was consumed in Tehran
(Fazeli and Heidari, 2011: 88-89). Therefore, in a city such as Tehran, as the largest energy
consumer in the country, which deals with a variety of environmental problems, optimizing
energy consumption in residential areas of the city is a necessity. In order to receive optimal
solar energy in Tehran, buildings should be designed in such a way to receive the maximum
solar energy in cold weather and minimum energy in hot weather during the year. This research
aims to determine the form, aspect ratio and proper orientation of the buildings according to the
climate of Tehran by studying the amount of received radiation by the external vertical surfaces
of buildings.

Methodology

Using the Q-BASIC software, the azimuth angle and the sun's altitude were estimated at the
latitude. Then, using the “Law of Cosines” method of Stevenson, the amount of received radiant
energy from the external surfaces of the buildings was calculated and processed in 32
geographic directions. In the next step, the form, aspect ratios and optimal orientation of the
buildings were determined, based on the amount of radiation differences received in cold and
hot periods of the year and the amount of energy waste and absorption. In this research, six
regular polygonal forms, including square, rectangule with North-South and East-West
directions, hexagonal, octagonal, hexadecagon, and triacontadigon (circle)were investigated. All
forms with the equal height and area of floor, oriented to the South, have been examined. The
aspect ratios studied in the form of rectangles were 1:1.2, 1:1.4, 1:1.6, 1:1.8 and 1: 2 and the
orientation of the form and the optimal aspect ratio were the orientation to the South and 165,
150, 135 and 120 degrees South-East and South-West.

Result and Discussion

The highest amount of annual received radiation energy belongs to the walls with facing 157.5
degrees South-East and South-West, and the lowest amount belongs to the North and 15 degrees
North-East and North-West. The highest percentage of received energy in cold period of the
year, with 71.3% belongs to 168/75 degrees South-East and South-West and the lowest

* Corresponding Author: Email: h.akbari.arc@gmail.com
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percentage is 12.3% for the North. The best orientation for one-way buildings in Tehran is
168/75 degrees South-East and South-West and then is 180 degrees South. The maximum mean
energy received by vertical surfaces belongs to the rectangular form with the North-South
orientation and the minimum energy is related to the rectangular form with East-West
orientation. For the North-South oriented rectangle (especially with aspect ratios of 1:1.4 to 1:
2), due to the large Eastern and western surfaces and the more radiation time on them, the
amount of energy received during the warm period of the year is more than other forms. The
best form of the buildings in this city is the rectangle with the East-West orientation and then
the square form. The most inappropriate form with receiving minimum energy in cold period of
the year is the rectangular form with the North-South orientation. Regarding the maximum
energy absorption rate, received in cold period and minimum received in hot period, the optimal
aspect ratio in cold period is 1:1.2 and in hot period is 1:2. The daily temperature of Tehran is
more than comfort conditions in 48% of the year and it is less than it in 52% of the year. Using
the sum of the product of the multiplication of percentage of cold and hot periods of the year,
and the difference in the amount of received energy with the required energy during those
periods, the best aspect ratios for the rectangle with the East-West direction, is the ratio of 1:1.4
and then is 1:1.2. The best orientation in all aspect ratios studied, especially in the optimal
aspect ratio in Tehran, is 165 degrees South-East and South-West and then is the southward.

Conclusion

Considering the specific geographical-climatic conditions and the high consumption of fossil
fuels in Tehran, the design and construction of buildings and urban spaces compatible with the
climate and in order to benefit from renewable energies such as solar energy is essential.

Form, dimensions and orientation of buildings have a very important role in setting the
microclimate conditions and the thermal situation of the interior and exterior spaces of
buildings. The results of the research show that the highest average of annual energy
consumption is related to the rectangular form with North-South orientation and the least is
related to the rectangular form with East-West orientation. The best form of the building in this
city is a rectangle with East-West orientation and then is the square form. The most suitable
aspect ratio for the rectangle with the East-West orientation is the 1:1.4. The most appropriate
building orientation for the specified aspect ratio is 165 degrees South-East and South-West and
then is the southward.

Kay Words: form, aspect ratio and optimum building orientation, solar energy, the Law of
Cosine, Tehran city



