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Abstract: Daylight is one of the important factors improving the quality of lifestyle and efficient building ergonomics.
There are many software and websites, which provide us stereographic projections of any region at any geographical
locations. These charts support us to understand solar azimuth and solar altitude angle and generate shadow angles at
any specific time and month of the year. The selected study area is Hyderabad, India and the conclusions derived are
the dimensions of horizontal shading devices as sunshades. The aim of this study is to derive and set standard
horizontal shade devices in cardinal directions and inter-cardinal directions, which can provide shade for the window
without allowing any direct sunlight to enter the building in selected site region. The limitation considered is the
azimuth angle, which is to be a minimum and maximum angle for any month in every particular cardinal and inter-
cardinal direction, and the altitude angle is considered minimum angle in the duration of 9:00 to 16:00 hours from the

year 2016. This horizontal shading device would guide a metropolitan city to implement efficient shading device.

Keywords: Horizontal Shading device, sun azimuth and altitude angles, building orientation.

I. INTRODUCTION

Building industry, which started ages ago as shelter from
various environmental factors and now stand not only as a
necessity but also an icon of strength. In today’s context
building industry uses 40% of global energy and global
resources (United Nations Environment Programme,
2009).

At International level, there are always been questions
raised for net zero energy building construction (Mansi
Jain, 2016). Even the solar geometry, sun path, orientation
of the building and other daylight factors are a part of cost
effective and energy efficient design. Better lighting not
only saves electricity but also lowers wastage, which
ultimately makes the building sustainable (workshop,
2015).

Understanding sun angles is very important for day
lighting but also for producing heat energy. This can
develop suitable sun collectors which can work efficiently
for different locations by using tilt angles for example-
Austria and Germany which produces 35,00,000 m2 and
1,20,00,000 m2 of heat energy from understanding
variation in tiltation of sun angles (Istvan Patko, 2013).
Photovoltaic Thermal (PVT), which is latest sun
collectors, works efficiently to 13.7% to utilize the
maximum fixed sun inclination for solar panel (Joao
Gomesa, 2013). Solar sun collectors are to be changed
orientation for every month (Basharat Jamil, 2016). There
are certain miscalculations for finding the exact angle of
incidences.  Suns angle of incidence is generally
considered as parallel but there will be 9% error in its
efficiency (Maxime Mussard, 2014).
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The present Indian population is 1.21 Billion (India,
Censusinfo India 2011, 2016) and the newly formed
Telangana State is populated by 35 million (Hyderabad,
2014), which is 2.89% of India’s population. The capital
city of Telangana is Hyderabad, which has the population
of 68,09,970 (India, Bhuvan-Indian Geo Platform of
ISRO, 2016) and 8,49,051 numbers of houses recorded
(Hyderabad, 2014). The government of India has proposed
20 Smart cities. The core infrastructure elements in a
Smart City would include adequate water, electricity, solid
waste management, transport facility, housing for poor,
connectivity, digitalization, e-governance, sustainable
environment, Health, education, development and safety
of citizens especially women, children and elderly. It has
always been a criterion under city level evaluation to
summarize one of the key impacts as sustainability and
inclusiveness in cost effective design for the housing
(Development, 2015).

There are different philosophies, which connect the
sustainability and daylight factors. Three-tier Design is
one which approach for cooling a building are Mechanical
cooling, passive cooling and Shading & Light colours
(Lechner, 2009). Some of the researchers have concluded
that the buildings with octagon shapes and are aligned to
North Direction is majorly exposed to certain directions
which can be exposed to sunlight for a longer duration
when compared to other direction like southwest,
southeast and south direction (Amita maurya, 2012).

The slope of the land is another factor, which can change
the angle of incidence. Some examples, relating
sustainability to the daylighting are Mitza Ramon- was
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showing that frontal orientation of the building on the
southeast side and the longitudinal towards east-west
orientation. Bidani House, Faridabad, India has composite
climate is another example for usage of double heights,
multiple terraces and louvered openings in which south
east side is ideal for maximum exposure.PEDA, office
complex, Chandigarh, India is in composite climate
context which has terraced building skin towards south/
southeast edges by gradually scaling down the building in
mass and volume (Arvind Krishna, 2001).

There are standards, which specify that the length of the
sunshade should be a multiple of 1m and the projection
should be multiple of 0.5 m (Standards, 2005).These
would support the design but on a broader aspect in site
context at the national level in India. It would be much
more preferable if there are regional standards since India
has diversified tropical climates. This article is an attempt
to explore the horizontal shading devices for Hyderabad
region in 8 cardinal and inter-cardinal directions.

Il. STUDY AREA

A. Location and Climate

Hyderabad is at 17.5° N Latitude and 78.5° E Longitude
lies in the northern hemisphere as per the sun’s movement
during summer solace, winter solace and equinox (M.
Pramitha, 2015). This region is under Hot and Dry climate
where the mean monthly temperature is >30°C. Its relative
humidity is <55% and Precipitation >5mm. This has more
than 20 days of clear days (Arvind Krishna, 2001). The
hot and dry climate of this region requires the built
structure to be efficiently cross ventilated.

B. Building Materials

Buildings in Hyderabad are constructed with Reinforced
Cement Concrete as roof covering and the brick walls
along with plastering on all sides.

All the openings are with wood or aluminium panel.
Hyderabad has more than 8,00,000 dwellings recorded
including individual housing, apartments, villas, etc.,
(Hyderabad, 2014).

I11. DATA AND METHODOLOGY

The Study is based on the stereographic chart produced
from Latitude and Longitude location and Coordinated
Universal Time (UTC), which is 17.5° N Latitude and
78.5° E Longitude along the UTC is 5:30 (Frank Vignola,
2015). This stereographic chart is further divided into four
cardinal and four inter-cardinal directions providing us
with North, North East, East, South East, South, South
West, West and North West. Here each wall for an
octagonal shape building should change its direction at
45°, The timeline and month line guides us to divide the
sun path diagram into 8 parts.(Arvind Krishna, 2001).

SunEarthTools.com
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Fig. 1. Stereographic Chart 8 directions (Frank Vignola,
2015)
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IV.INFERENCES

The recorded azimuth and altitude angle can be tabled to
get the minimum and the maximum azimuth and minimum
altitude angle from 9:00 to 16:00 Hours in all the 8
directions throughout the year.

Here in Table Il, the north-facing wall does not receive
any direct sunlight. Altitude angle is the angle, which
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guides the extension of shading device from the wall
surface. In the northeast and northwest, the horizontal
shading device is so less projected that we had to place to
the least projections resulting that the northeast would
have the altered altitude angle. The minimum altitude
angle is at south and southwest which is 14.35° and
23.69°.

TABLE Il MAXIMUM AND MINIMUM AZIMUTH AND ALTITUDE ANGLES

Azimuth Angle

Altitude Angle

S.No. | 8 Cardinal Direction Minimum (A) | Maximum (B) | Minimum after 9:00 and before 16:00
North == == =
North East 59.82 59.82

V. SHADOW ILLUSTRATION

To illustrate the above inference, we would consider a
wall of 3m wide and 3m heights with the window size is
1.2m X 1.2m and the top sill level as 0.8m at 8 different
directions of an octagonal shape building. This octagonal
shape is considered based on cardinal and inter-cardinal
directions. The shading devices can be of any shape and
size based on the decision maker’s requirement. Generally,
there are three shade devices, which are horizontal shading
devices, vertical shading devices, and Egg-crate devices.
These are derived from the shadow angles (Azimuth and
Altitude) from stereographic Charts at their respective
latitudes on the globe (O H Koenigsberger, 2011).

In the below illustration, the Section and Plan for every
direction representing the inside and outside of the
building along with dimension in the section and extension
of sunshade with minimum (A) and maximum (B) azimuth
angle are given
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Fig. 2. Plan and Section at all the 7 cardinal directions
representing at dimensions and projections of sunshade

VI.CONCLUSION

The Southwest direction of the building requires the 4.6m
maximum extension of sunshade when compared to any
other direction whereas west and southeast requires the
second and third maximum extension of about 2.6m and
1.7 m.

North West
West
South West
South
South East
East

North East

Fig. 3. Required Projection from the outer surface of the
wall (in Meters)

.

Fig. 4. Plan représenting sunshade for all the directions
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The east and the south require about 1.4m and 0.9m
extensions respectively. The northeast and northwest
require about 0.2 m extension and the north does not
require any shading device.

This would show that the North, North-East, South, North-
West (0 - 1.0M) would require less projection, East,
South-East, West would require normal Projection (1.0 —
3.0M) and South West would require maximum projection
for providing sunshade (>3M).
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