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Abstract: The urban population in India has increased significantly from 62 million in 1951 to 285 million in 2001
and is estimated to grow to around 540 million by the year 2021. it would be touching 37% of the total
population in next 15 years. India’s urban population has growth rate of nearly 41% in last decade. This directly
means providing additional shelters for around 65 million house holds, as well as places to shop, work besides
number of administrative and entertainment complexes. The city of Surat is a fast growing industrial city and
it is the 9 largest city of the India as per Jawaharlal Nehru National Urban Renewal Mission (JNNURM). Theth

present population is approximately 40 lacs including floating population and development involves
construction  of  dwelling  units.  ‘Housing’  is a recognized problem all over the world; particularly for India
the  problem  is  acute because it accommodates the second largest population after China. In present study
three different locations namely Pandesara (located at south zone), Sachin (Southern outskirt end) and
Chhaprabhatha (Northan outskirt end) having about 98 hectares area were selected to study and in this paper
overall Surat urban area has been discussed in particulars. This paper focuses on planning principles and
number of parameters which are responsible for poor performances of housing which affects the Human
comfort. This study throws some light on different factors and their remedial measures. In this case study,
housing planning has been discussed for criteria such as unit level, cluster level and neighbourhood level.
Appropriate climate based planning principles are basic tools which are suggested for consideration [1]. Present
paper is a classical example for climate Balanced Housing in urban area at mass scale.
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INTRODUCTION in  government  buildings  in  India  is   wasted  because

Typically,  urban  houses in India have been copies results   in   an   annual   energy   related   financial   loss
of western models. They have failed to be satisfactory at of about 1.5 billion Rupees. (US $33 million). The
the cluster level, as the clustering is frequently not done residential, commercial and institutional building sector
with the consideration of on-site factors. They are also consumed  31  percent  of  global  energy  and emitted
unsatisfactory at the dwelling unit level. This is because 1900 mega tons of carbon  in  1990.  By  2050, its share is
of improper design, bad orientation and scanty regard to expected to rise to 38 percent and 3800 mega tons
the natural conditions of the region. The buildings often respectively  [IPCC 1996]. In  India,  estimates suggest
have problems due to poor planning on consideration of that  about  20  to  25 percent of the total energy demand
climate principles with more emphasis on the massing is due to manufacturing materials required in the building
than the indoor planning. Reduced daylight and thermal sector, while another 15 percent goes into the running
stresses are therefore common problems in modern needs of the building. 
building in urban center [2]. This was amply revealed in To achieve the collective objectives of energy
our questionnaire survey. Further, due to the housing security and environmental protection, eco-sensitive
shortage and limited availability of funds, energy- buildings or ‘green buildings’ that utilize their resources
conscious building design has received a low priority. judiciously, minimize their emissions and have efficient

The  Ministry  of  Power  estimate indicates that waste management systems, should be considered and
about  20  to  25 percent of the total electricity consumed designed [3].

of inefficient design parameters of buildings, which
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Map. 1: Location of Surat Urban Area in Gujarat State work. One environmental consequence - the level of

This research paper highlights the concept of climate current levels [7].
based planning and how that could achieve greater The importance of energy efficient buildings has
satisfaction for the users. assumed great urgency today. In light of fast depleting

Study area: The climate of Surat city can be broadly environmental pollution, innovative ways to cut down
divided into four season’s viz. summer, rainy, autumn and energy consumption are necessary. The construction
winter. Summer for three months from March to May, industry is one of the largest energy consuming sectors.
Rainy from June to September, autumn from October and In modern buildings significant amounts of energy are
November and the winter season is from December to also consumed to keep the building environment
February. The climate of the city is hot and humid due to comfortable.
the  location  of  the  Arabian  Sea  nearby.  The  summers In developing countries like India, rising population,
are quite  hot  with  temperatures  ranging  from 37.78 to increasing standards of living and rapid urbanization
44.44° C. The climate is pleasant during the monsoon result in an increase in building construction activities. 
while autumn is temperate. The winters are not very cold
but the temperatures in January range from 100 to 15.50°C. Building consumes energy by way of:
The maximum humidity is @ 80%. The rainy season is
usually four months with an average rainfall of 114 cm. Manufacture of building materials (embodied energy)
Surat experiences predominant winds from the South The quarries, brick kilns, the cement manufacturing
West direction. The breeze is mostly from the sea towards units, etc. consume a large amount of energy.
the main city. Due to the proximity of the Arabian Sea, the Distribution  and  transportation  of  building
city enjoys a pleasant climate throughout the year [4, 5]. materials   and   components   to   the  construction

Surat is one of the fastest growing cities between site. (Gray energy).
Mumbai and Ahmedabad corridor. The city of Surat is In the construction of the building. (Induced energy)
situated on the bank of river Tapi having coastline of Running the building (operating energy) this is the
Arabian Sea on its west. Surat is the main center of largest contributor to the energy consumption, by
business and commerce in South, at present Surat way of lighting and heating ventilation and air
Municipal Corporation (SMC) area is about 334 sq. km conditioning (HVAC). 
which was 112 sq. km before the recent city limit extension Maintenance,   alteration   and   final   disposal   the
before July 2006 as shown in Map 1 [6]. day today maintenance, alteration, the final

Objectives of The Study: To determine the annual comfort too  consume  energy,  Energy efficient building
and to examine how units in housing may be made climate looks to  reduce  consumption in all of these areas.
balanced to achieve greater satisfaction of the residents In developed nations the energy consumption is
in Surat urban area. comparative more, at all levels energy consumption

Buildings  and  building  processes  as  energy
consumers: The concept of sustainable cities is closely Saving  energy  in  the  built   environment:  According
interconnected with environment and economy and to the considerations of environmental design that
safeguard protection of natural resources, which in turn fundamentally alter the form and aesthetics of buildings.
leads to a minimum acceptable quality of life. In  this  approach, the smooth, sealed, minimalist building

The world is facing explosive growth of urban
population, mainly in the developing world. Many cities,
confronted with hyper growth, are failing to cope with the
challenges of generating employment, providing adequate
housing  and  meeting  the  basic needs of their citizens.
By the year 2025 the World’s population will have
increased  by  at  least  50%.   Therefore,   an  additional
3.0  billion  people will need houses, shops, places to

energy consumption will increase by at least 25% above

energy resources, energy scarcity and increasing

demolition/disposal  and such miscellaneous jobs

of construction and building.
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Graph 1: Energy Consumption of construction

box becomes impossible, the overall shape of the building
must cause ventilating air to move through it, facades
must open and close and shelter and protect; elevations
that face into the sun and away from the sun may be
different; materials needing small amounts of energy for
their production might be used; heavy mass for energy
retention, high levels of insulation and so on [3].

Embodied energy:

To minimize the embodied energy, select the
materials that use little energy in their manufacture. 
Use of recycled manufactured materials 

Gray energy:

For optimizing ‘gray energy' support of local
industries and local materials is needed.
Where feasible the processing and prefabrication of
the materials can be done on the site itself.
In the rural areas beasts of burdens can be used for
transporting the building materials. 

Induced energy:

Induced energy is normally modest; however a
policy whereby the wastage of building materials can
be minimized should be emphasized.
Induced energy is more where the building is
constructed with precast elements which require
specialized means of handling and fixing.

Operating energy:

Operating energy is of maximum concern since this
consumption continues for life long of building
occupancy.

In a typical unconditioned building in India, lighting
accounts for maximum energy consumption,
In an air-conditioned building, 40-50% of the total
electricity consumption is accounted for by HVAC
system.
The energy consumption by this category can be
controlled to a large extent by proper planning and
technological interventions.

Saving energy by way of planning and designing
building calls for a sensitive and intelligent handling of
the design by the architect or the planner. 

Energy conservation could be achieved in the
buildings by the complimentary effects of two lines of
actions in housing design: minimizing the energy needs
by proper building design and maximizing the use of
available natural energy sources for heating and
especially for cooling. 

Second in the line is light or illumination followed by
cooking, refrigeration, water heating and so on so forth.

Sustainable buildings for sustainable urban development:
Sustainable building is defined as a Building that can
(moderately) maintain or improve:

The quality of life and harmonize within the local
climate, tradition, culture,
The environment in the region,
Conserve  energy,  resources  and  recycling
materials and
Reduce the amount of hazardous substances to
which human and other organisms are (or may be)
exposed
The local and global ecosystem throughout the
entire building life-cycle

Main changes: Change in the positions of door, windows
and ventilation. Internal change in position of kitchen and
bedroom and ‘pooja’ space. Loft spaces were shifted.
Colour of the interior walls was changed to satisfy one’s
preference or purely on climate basis. Facing of weather
shade was changed. 

People living in study area housing schemes are
tempted to modify their individual houses according to
climate principles, in this study area 60% people had
given the nod to alter their house, 52% of this group had
already modified their house while work was in progress
in the remaining 48% people house.10-15% intended to
change their house according to climate principles if they
were given a choice.
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Table 1: Climatic Condition (Monthwise)

Annual
Conditions Month J F M A M J J A S O N D Total

1. High Temperature &
high  humidity by day 41.67%
2.High Temperature by 
day & high diurnal range 0.00%
3. Excessive discomfort 50.00%
4. Low Day Fresh
Temperature 16.67%
5. High Temperature & 
high  humidity by night 50.00%
6. High Temperature & 
low humidity by night 0.00%
7. Low Night 
Temperature 33.34%

The main problems that were faced by individual
residents while modifying their house according to climate
principles were new material had to be consumed which
led to wastage of natural resources. Labour had to be
called again which caused wastage of money and time.
The person had to take a leave from his office so that he
should  be  able  to  supervise the work satisfactorily.
Time management with family was to be done in order
satisfy family needs. Storage space to store new building
materials was needed which required concerned
authorities   and  neighbourhood  permission.   Rs  5,000-

35,000 were needed per house for climate corrections
which may or may not be affordable to every family.
Difference between the old work and new work was
clearly visible which disturbed the harmony. It disturbed
the aesthetic view of the housing as whole, which
disturbed the rhythm of the study area. New joints may
not be as sound as old joints. Plaster texture was different
from the existing one. It will have an adverse effect on the
life span of the structure. It’s difficult for those places
facing water shortage as water is also required for
construction purpose.

Surat  City  Micro climate  could  be further divided
as (a) Area adjoining River Tapi (Very Humid with High
level of moisture), (b) CBD Area of Surat, Udhana,
Bhattar, Sachin etc. (Hot & Humid) and (c) Area near Sea
Shore- Dumas, Hazira etc. (Humid with high wind speed &
diurnal Range) [4, 5].

The  Climate  of Surat City is identified a major
(Macro Level) Tropical hot and humid climate. The
detailed  analysis  of Surat city is conducted at macro
level in Table 1.

Annual comfort: The Mahoney tables are very useful
traditional tools to give design solution for Housing
which facilitates a diagnosis of the data on temperature,
humidity   and   rainfall   and   wind  [8,9].  as  shown  in
Table 2.

Table 2: Climatic Charteristics
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Table 3: Indications and Treatment 

Percent of the year when Indicated by

Day
1 shading needed Boxes inside bold lines
2 cooling needed Boxes inside dotted lines.
3 Conditions are comfortable Boxes outside bold lines

Night
4 cooling is needed Boxes inside dotted line
5 conditions are comfortable Boxes between bold and dotted lines
6  "under heated" Boxes outside dotted lines

Only for small portion of whole year is in human
comfort level which requires nominal air movement
by ceiling Fan for approximately 16.67% of year.
The Climate of Surat is hot and humid, requires
removal of moisture from air and cooling temperature  Globally speaking, in 1990, the residential, commercial and
during day and night for approximately 50% of year.

Recommendations for Housing of Surat Urban Area on
climate Based Planning:

Thick walled buildings heat up slowly during day and
cool of slowly during night; increasing the thermal
capacity of the building. Thick walls are provided in
southern direction. Large walls be provided on north
and south; short walls on east and west [10].
The building should be reasonably compact, as this
would help in slowing down the response to
changing thermal conditions. It would reduce heat
gain during day and heat loss during night.
The openings should be sufficiently large for
ventilation. The window –sills should be low to
ensure maximum ventilation at normal living level.
The ventilation should be 20 to 30% of  the  total
floor area. Yet the openings should be minimum on
the southern walls.
The buildings should normally have open planning,
as far as possible. They should be one room thick so
as to ensure thorough ventilation. Verandahs should
be provided on west to reduce heating of these sides.
Windows and openings will have to be protected
from solar radiation. Solar control devices (chajjas,
canopies and sun breakers) will often be the most towns last a long time and one must not take short
prominent features of the building.

CONCLUSION

Energy  efficient  buildings  are integral  component
of sustainable urban environment. Building industry
comprises of almost 25 to 30% of the total energy
consumption, which has a large potential for optimization.

Fig. 1: Orientation Diagram

institutional building sector consumed 31% of global
energy and emitted 1900 mega tones of carbon and by
2050 its share would rise to 38% and 3800 mega tones
respectively [IPCC, 1996]. On the brighter side, energy
efficiency measures with paybacks in five years or less
can reduce global emissions by 40% by 2050.

For the Surat urban area the housing should be
oriented along the direction as shown in optimum
orientation diagram Fig. 1, which is the best
orientation i.e. (S 85° E) or (N 85° W).
Orientation of the building and of its major openings
can greatly influence the solar heat gain, thus it
should be carefully considered.
The chart gives total annual solar heat gains on
vertical walls of different orientations, on a
comparative scale, for Surat Urban Area.
Public housing   with   right   orientation   in  line
with  climate  principles  on  modular  design
buildings and any townships for urban area is to
relieve the congestion of existing cities and to give
them the space and opportunity to regenerate
themselves.
Any long term development plan must commit the
minimum of resources and have a high degree of
flexibility to accommodate future changes. Cities and

cut on quality.
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