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ABSTRACT

As per the Paris climate agreement, India is committed to increase the share of non-fossil
fuel sources to 40 percent of the power generation capacity and reduce the emissions
intensity of the economy by 33 to 35 per cent compared to 2005 levels.

The building sector in India consumes about 30% of the total electricity produced from
non- renewable sources and out of which 75% is in the residential buildings. Thus, giving
a opportunity to design residential communities that are independent from the grid,
generating energy and attaining self efficiency.

With the current scenario of consumption and life style growth accounts to production of
waste that are incapable of eliminating from the environment, Thus enabling to look at
such material and see its applicability in the construction industry.

The aim of the thesis is to design a self sustainable OFF GRID COMMUNITY in an warm
and humid climate which can be replicable elsewhere. The community is designed for an
indigenous tribe called Narikuravar who falls into EWS housing scheme.

The intent is to attain comfort, healthy living standards, better neighborhood, positive
energy consumption through the uses of passive strategies, energy designed from
renewable resources, sensible usage of materials from waste generated.

The outcome of the thesis will help to understand possibilities of passive technology and
strategies and result in replication and improvisation of strategies across warm and humid
climate region.

Keywords — Warm and humid climate, Off the grid community, Passive strategies,
Energy generation, renewable energy.
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CHAPTER 1

INTRODUCTION

1.1 Background
An expanding economy, population, urbanization and industrialization sees the

largest increase in energy demand. Around 1.2 billion lack access to basic to basic energy
and other services.

The impact of building sector on India’s energy scenario is very striking. Building
industry demands 30% of the total electricity consumed annually of which about 75%
consumed by residential buildings. The gross consumption rose to about 260twh in 2019-
2020 from about 55TWh in 1996-97, which is an increase of more than four times in 2
decades. Projection shows a further rise between 630 to 940Twh by 2032.

India consists of around 66.77% of electricity produced by non-renewables creating a
huge stress on energy plants coming from fossil fuels like thermal power plants which
translates to greater environmental impact and climate change. To grow in sustainable
manner, India plans to achieve 30% of its energy demand by using renewable energy by
2030.

Demand for affordable housing across India is another major concern. It is estimated
that around 10 million houses are still required to faces the housing crisis of which majority
consists of EWS and LIG segment. Thus, holds a greater need and potential for
optimization of usage of energy from renewable sources.

The cost, reliability, and sustainability of energy services are fundamental for human,
social, and economic development. The crucial role of reliable and affordable energy
services for economic growth and wellbeing of people has been widely acknowledged. Off-
grid renewable energy technologies (RETS) can have dramatic benefits for under privileged
families and communities.

1.2 Statement of problem
To address the growing energy demand in the residential building sector using
energy positive design approach, appropriate alternate technologies and by using
renewable sources of energy.

1.3 AIM
To develop an off-the-grid community for a group of native tribe called Narikuravar.
To use materials of minimum impact on environment and create a community
incorporating passive design strategies for a healthy living conditions.

1.4 Objective
e To explore ways to create off the grid community

e To explore the use of recycled materials for the built structures

¢ To minimize energy consumption through passive strategies primarily focusing
o Thermal comfort (Temperature and Ventilation control)
o Visual Comfort (Lighting control)
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e To explore multi-functional spaces through design intervention.
e To explore on-site energy harvesting systems for a residential unit so as to
harvest more energy than consumption.

1.5 Research questions
e What is the purpose of creating off the grid community?
Why choosing Narikuravar community?
What materials can be used in designing the community?
How to improve the lifestyle of the community people by design?
How can using recycled materials in construction will address the current

problem?

1.6 Methodology matrix

METHODOLOGY
@ SYNOPOSIS

I PRE-THESIS I LITERATURE STUDY

Earth ships H Casestudy |

SITE SELECTION
Climate analysis

I
! Chennai [WH)
Background study Micro climate
analysis

Program brief
Site Analysis
Area statement

Concept development by trying @ Activity mapping
out iterations using simulations Concept/ n

simulation/

N N DESIGN STAGE I i i |
-5ite plan and strategies iterations Site Zoning
-Floor plans, Elevation, Sections
- Implementing strategies

- Material details |

-ltergtions - -
o - Simulation/
- Analysis of spaces with

respect to lighting, wing, Energy —{ PERFORMANCE ANALYSIS

thermal comfort and energy calculation
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B CHAPTER 2
CASE STUDIES

2. The Greater World Earthship community, New Mexico

2.1 Introduction

The Earthship is a completely independent globally oriented dwelling unit made from
materials that are indigenous to the entire planet. The major structural building component
of the Earthship is recycled automobile tires filled with compacted earth to form a
rammed earth brick encased in steel belted rubber. This brick and the resulting bearing
walls it forms is virtually indestructible. In an Earthship, there is usually no need
for electricity nets, sewers, or heating systems

This means there are no costs (for electricity, water, heating and so on) other than
maintenance of equipment. Using recycled materials for construction (typically vehicle tires)
an Earthship. The Earthship concept homes are built using various strategies of sustainable
housing. These homes are more that just a structure, they are a system of materials used
together to perform the task of providing a home for people. They are flexible in design and
use recycled building materials from local sources.

The entire system working together is called a Biotecture.

Earthship

(with vertically glazed southern wall)

Southfacing glass wall

Fig 01 — Elevation of Earthship dwelling Fig 02 — Plan of Earthship dwelling

« They do not need to depend on municipal services such as electricity, water
or sewage.

» Electricity and back-up heating are produced from renewable energy sources such
as the wind and the sun.

» Passive solar and thermal mass architecture are combined for self-contained heating
without the use of fossil fuels. In addition, Earthship building techniques are low-tech
and easy to learn.
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Rainwater is collected for the water supply from the roof. The water is stored in
cisterns buried next to the house. The water is then pumped and pressurized from
the cistern through a filtration system before it is used for drinking, bathing or
cleaning.

Hot water is obtained through a solar hot water heater

Summer sun

ey |
.1

Fig 03 — Rainwater harvesting illustration Fig 04 — Sun path illustration
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Fig 05 — passive strategy illustrations

Passive Earthship buildings allow for heating and cooling related energy savings of
up to 90% compared with typical building stock and over 75% compared with
average new builds. In terms of heating oil, Passive Houses use less than 1.5 litres
per square meter of living space per year, far less than typical low-energy buildings.
Similar energy savings have been demonstrated in warm climates where buildings
require more energy for cooling than for heating.
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Fig 07 — Figure showing sectional illustration of thermal mass

e Passive solar and thermal mass architecture are combined for self-contained heating
without the use of fossil fuels. In addition, Earthship building techniques are low-tech
and easy to learn.

e Thermal mass strategy incorporated,

o Cooling tube
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o Thick walls to protect heat gain

o Glass is provided in the south for hat gain to happen during the winter

o Sloped roof for easy rainwater runoff, which is collected in rainwater
harvesting tank

o Vents for stark effect

2.2 Material Study

The major building component of the Earthship is used automobile tires. These tires are
filled and compacted with earth to form a rammed earth brick encased in steel belted rubber.
This method creates a nearly indestructible frame allowing the use of thermal mass to heat and
cool the interior

BETTER LIVING THROUGH GARBAGE

Earthships are self-sustaining homes constructed from
as much locally-sourced, reclaimed material as possible.

EXTERIOR

Insulated roof

Rain water flows from
; roof into cisterns

Old tires rammed
with earth serve as
the structure’s key
building component

Used cans and
bottles act as
bricks to support
the concrete walls

Additionally, concrete and
wood are used extensively

BRICE HALL/POSTMEDIA NEWS
SOURCES: EARTHSHIP BIOTECTURE

Fig 08 — Material used illustration
« A sustainable home must make use of indigenous materials,

those occurring naturally in  the local area, For thousands and thousands of
years, housing was built from found materials such as rock, earth, reeds and

Kaushika P, Reg no: 40890007, Batch 2020-2022 | 13



logs. Today, there are mountains of by-products of our civilization that are
already made and delivered to all areas.

« These are the natural resources of the modern humanity.

An Earthship makes use of these materials viatechniques available
to the common person. These materials and the techniques for
using them are accessible to the common person in terms of price and skill required
touse them. The less energyrequired to turn afound object into
a usable building material the better. This concept is also called embodied-energy.

Fig 09 — Cohstructior{ using upcglléd material &

A. Rammed-Earth encased in Steel Belted Rubber:

The major structural building component of the Earthships is recycled automobile tires filled
with compacted earth to form a rammed earth brick encased in steel belted rubber. This brick and
the resulting bearing walls it forms is virtually indestructible.

B._Aluminum Cans and Glass/Plastic Bottles:

These little bricks’ are a great, simple way to build interior, non-structural walls. Aluminum
[walls actually make very strong walls. The ‘little bricks’ create a cement-matrix that is very strong
and very easy to build. Bottle can create beautiful colored walls that light shines through.

2.3 Earthship as community

By partnering with members to buy land and build sustainable homes, They have
create an affordable, off-grid living community. The community is exclusively Earthship
homes. Members own lots which vary in size depending on home square footage and
overall shared land acreage. Annual dues for the community are for road maintenance,
sanitation, and the community improvement fund. Property taxes are assessed per
member by Santa Barbara County. Community members agree to a Land User's Code
which is governed by the Board of Directors.
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Fig 10 — Earthship as commuity

Off-grid, community living, in the Santa Barbara/Central Coast region, through a

proven 40+ year scalable and adaptable unique property model founded on sustainable
principles.

2.4 Why: A Unigue Off Grid Living Community Experience

Connect and live intentionally with likeminded people

Completely off-grid, fossil fuel free modern living for any design aesthetic

On site wastewater treating system repurposing water use 4x

Integrated food production via greenhouse botanical cells

To reduce the economic and institutional barriers between humans and their habitat.
To reverse the overall negative effect that conventional human housing has on this
planet.

To create a less stressful plane of existence for humans in an effort to reduce the
stress that they in turn place on the planet and each other.

To interface economics and ecology in a way that immediately and tangibly affects
current pressing problems with life on earth.

To provide a direction for those who want to live in peace with each other and their
environment.

To empower individuals with the unarguable forces of nature as opposed to
incapacitating them with the smothering forces of politics and bureaucracy.

To find & distribute the appropriate soil from which the flower of humanity can
blossom.

To evolve humanity into an earthen harmony already exemplified by more evolved
structures such as plants, animals and water.
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CHAPTER 3
Site and Context

3.1Location

A hypothetical site is chosen in the climatic zone of
Chennai (Warm and humid
Zone, as per NBC 2016)

Location: Gypsy Colony Kotturpuram,
Chennai, Tamil Nadu 6000085

Latitude: 13°00'56.2"N
Longitude: 80°14'38.1"E

Site Area: 3.1 Acres
12,892.47 Sgm

Zone: Residential Zone

Strength
e EXxisting settlement of native community

e Easy access to all public transportations
Weakness
e No connection to the Main/Power grid
e Poor storm water drainage causing health
problems

<

Fig 11 — Site location

Opportunities
e Site is located in EWS settlement, off-the-grid
community development gives an idea and awareness to other people
Threats
e Unhealthy living conditions could lead to health problems
e Dark spaces in night leading to social security problems

3.2Climate Study

e Inference
o Critical months: March to September
o During critical months usage of artificial cooling will increase

Kaushika P, Reg no: 40890007, Batch 2020-2022 | 16



MONTHLY DIURNAL AVERAGES LOCATION: Chennai-Madras, Tamil Nadu, IND
ASHRAE Standard §5-2004 using PMV Latitude/Longitude: 13 0° North, 80 18° East. Time Zone from Greenwich 5
Data source: ISHRAE 432700 WMO Station Number. Elevation 16 m
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Fig 12 — Monthly durinal averages

TEMPERATURE RANGE LOCATION: Chennai-Madras, Tamil Nadu, IND
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 13 0° North. 50 18° East. Time Zone from Greenwich 5
Data Source: ISHRAE 432700 WMO Station Number, Elevation 16 m
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Inference: Critical months: March to September
During the critical months usage of artificial cooling devices will increase

Fig 13 — Monthly Temperature range

3.3Wind Analysis

e Summer — March to June
e Maximum direction — S,SE,SW
e Inference
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o Since there is no opening in west, hot wind is avoidable. Opening in east and
north side experiences less wind

Fig 14 — Wind analysis (a)

e Monsoon — July to October
e Maximum direction — S, W, SW
e Inference

o Less opening is provided in west side,
direction in which wind speed is more.

MONSOON - JULY - OCT
MAX. DIRECTION - 5,W.SW

INFERENCE:

No opening is provided in west side,
direction in witch wind speen is more

Fig 15 — Wind analysis (b)

e Winter — November to Feburary
e Maximum direction — N,N.E,E
e Inference
o Opening in north and east side experiences
cool wind and through cross ventilation it gains
comfort level

WINTER - NOV - FEB
MAX. DIRECTION - N.NE.E

INFERENCE:

opening in north and east side experiences cold wind.
and through gross ventilation it gains the comfort
level

Fig 16 — Wind analysis (c)
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WIND SPEED (m/s)

LEGEND

TEMPERATURE (Deg. C)
W <o
Wo.21
@21.- 27
W27 - 38

B >38

RELATIVE HUMIDITY (%)
0O <3

@ 30.70

B >70

Fig 17 — Wind speed Fig 18 — Legend

3.4Site Sun path Analysis

Fig 19 — Sun path analysis
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41.40<

359.10

36.80

34.50

32.20

259.50

27.60

25.30

23.00

20.70

<18.40

Wind-Rose
CHENNAI IND
1 JAN 6:00 - 31 DEC 23:00

Hourly Data: Dry Bulb Temperature (C)
Calm for 6.45% of the time = 565 hours.
Each closed polyline shows frequency of 1.1%. = 96 hours.

Fig 20 — Dry bulb temperature (C)

e Prevailing wind direction from south east.

e Maximum temperature of hot wind annually recorded is 40degrees minimum is 30
degrees.

e Maximum radiation is achieved during the month of March in south direction.

e Throughout the year site receives maximum diffuse radiation from south and
north direction.

e Direct radiation is higher in the south direction.

Kaushika P, Reg no: 40890007, Batch 2020-2022 | 20



1 2 3 B 5 [ 7

Fig 21 — Radiation graph

m/s
1.29<
1.20
1.10
1.01
0.92
0.82
0.73
0.54
0.54
0.45
<0.35

e The wind boundary profile orients in the prevailing wind direction. Orienting the
buildings perpendicular to the wind direction it helps in cross ventilation
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CHAPTER 4
Community and context

4.1Background

Narikurvargal native tribble people who settle down in groups, one of these tribble
groups are settled down in kotturpuram area Chennai around the area 1930s. The main
occupation of these people is hunting, weapons crafting, and bead jewelry selling. Due
to the ban officiated by the government on hunting, they were forced to surrender their
arms.

As a result, they migrated to different places in search of a new livelihood. They now
follow different trades ranging from rag picking, selling bead jewelry, medicines, fox
horns, honey, etc., their occupation depends on the place now they're settled in.

For people who are settled in Kotturpuram their main occupation is rag picking and
bead jewelry selling. People found themselves unhappy due to discrimination prevailing
in the society against them so they are not given any jobs in the society so they are
pushed to go for rag picking for a living

Kotturpuram gypsy colony:
o No of Families: 150
o No of Permanent structures: 5
=  Community hall
= 4- brick houses with temporary roof
During natural disaster and flood times people tend to accommodate themselves in
the community hall

4.2 Questioner survey
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1. How many Members in Your Family?
2 [ 3 [ 4 [ 5 [ &

Narikurvar community, Kotturpuram

M.Arch | Thesis- off the Grid Community |

13.If we are building you a new house how many rooms you need and what are they?

2. What is your occupation?
« Rack picking
* Bead seling
o Other?
3. Does Your Kids go to School?

Yes. No |

4. Do you have a permanent housing?

Yes No
5. Do you have a proper toilet facility in your house?

6. Do you have proper access for drinking water?

Yes
7. Are you happy with your standard of living?

Yes | No
8. Do you have government ID's?

Yes | No

If yes in which address do you have it?
9. How many years have you been rack picking?

10. What do you think you need the most
+ Proper housing
+ Employment
* Education
11.Do you have access to healthcare facility?

_Yes | No |

12. Are being decimated by the society?
Yes No |

Segregation space (outdoor)
14.Would you like to send time inside the house or outside?

15.Do yous sit outside and spend time with neighbors?

If yes what time will it be

Questioner survey

IF yes what is the mode of transport?

7 * Own vehicle
o Bus
2 3 { 4 o Train
e Living room 25.Would you like to have a movable house while fraveling?
* Kitchen
* Bedroom
« Kids bedroom 26.Do you have electricity connection?

If yes how do you manage to pay bills?
Does it come under the minimum units or exceed?

28.How many pots of water do you use per day?

* Morning
« Affemoon [2 [ 3 ] 5 3 7
« Evening (Including washing and cooking]
o Night 29.How do you get vegetables?
16.How do you celebrate festivals * From market
o Asseparate families * From nearby shop
o Ascommunity « Don't buy vegelables

17.Do you require a school inside the community for the kids?

Yes

30. Where do you buy your beads?

18. Will you teach your skills to others2

No

19. Will you be interested in growing your own vegetables if you're guided?

Yes

No

20, Will you be interested in helping in building your own house?

Yes

21.Would you like to have a self-sustaining community or connected to the grid?

22. Will you still go for rack picking even after your livelihood is improved?

|_Yes | No |
23.Would you like to have community hall inside the community for cultural practices
and for celebration?

Yes

No ]

24.00 you fravel from place fo place?

Yes

Fig 22 — Questioner survey

No |

From the survey, basic social data was collected by door to door questioning.
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Narikurvar community, Kofturpuram o responses: 25
MArch | Thesis- off the Grid Community | Questioner survey

; . 30-Single Famikes (2100ms T 3rooms [4 ooms
1. How many Members in Your Famiy?  gq mt ( \ T8 2%

Family o Uingroom 105
o Kichen 708
2 [sJafs[ef7] o bodoom 108
Seglfanily  Mefunfandy et Fanily o Kdsbedoom  50%
30% 70% 50% TOMedumfamies ,  cozeaaiion spoce [outdosd) B

2. Whats your occupation?
o Rackpicking 45%

\

13, 1f we are building you a new house how many rooms you
need and what are they?

14.Would you like fo send fime inside fhe house or outside?

fime with neighborst

100%

o Beadseling 0% {
« Ofher? 5% pucca house with proper facilitates
i 15.Do you sit outside and spend
[Yes [ No ]
3. Does Your Kids go o School? ' 80% 20%
Ifyes whof fime wil it be
5% 95% o Moming s
o o Affemoon 0%
o Evening 0%
o Night 2%
4, Do you have a permanent housing?
< :
3 16,How do you celebrate festivals
65% 3% a0 « Asseparate fomiles
L v o Ascommunity
§. Do you have a proper foilet facility in your house?
15% 85%

4. Do you have proper access for drinking water?
P
0 100%

WNO e Yes

17.D0 you require a school inside the community for the kids?

100% 0

getables f you'e guided? Ll

19.90 you be ferested in groning
7. Are you happy with your standard of ving? ’ '
[ Yes [ No | 0 el %]
FTCh S 5% 85%

es wN0

8. Do you have govemment ID's? vEs

Yes
85%

-

15%

WO wves

3-5Kms

9. How many years have you been rack picking?
30. Where do you buy your beads?

e oN0

27.How long you have fo travel fo fefch water?

Most common ans for this question is outside, Some people even sleep ouiside even tho the have a

18.Willyou feach your skils fo ofhers?

youroun house?

’

5% 95%

21.Would you ke fo have o slfustoing communily or comected o he gig? 24,00 you travel from place to place?

‘
65% 35%

"o w0

26.D0 you have electricity connection?

Parrys Chennai ,
People start fo rack pick in a very early age Dehi
Most of the adults are rackpickng for more than12 years 2 Would you ik
andor caletrafion?

10. What do you think you need the most

+ Proper housing

o Employment 2 0% 0

+ Education o A

28.How many pofs of water do you use per doy?

11.Do you have access to healthcare facility?

I I T I I A
Yes No 1005 10%  40%  60% 80X
80% 20%
12. Are being decimated by the society?
100% 00
Iinchuding weshing ond cooking] i

Fig 23 — Survey result in representatio

n.

housing and urban poverty alleviation.

per people.

50% 50%

Hyeshow o you manage fo poy bkt I I

Does it come under the minmum unds or excesd?

|n fow

house they have foken illsgol connection, the
houses with connection '

joesn't exceed fhe minimum
29.How do you get vegelobles?
« From morket  30%

o From nearby shop 2%
+ Don't buy vegetables 68%

Kaushika P, Reg no:

AFFORDABLE HOUSING IN PARTNERSHIP
SCHEME GUIDELINES

(GOVERNMENT OF INDIA MINISTRY OF
HOUSING AND URBAN POVERTY ALLEVIATION)

2.1. Affordable Houses: Dwelling Units (DUs) with Carpet Area shall be between
21 to 27 Sqm. for Economically Weaker Section (EWS) category and 28 to 60
Sqm. for Lower Income Group (LIG) category (LIG-A: 28-40 sq. m. and LIG-B 41-
60 Sq.m.). The sale price of these houses would be determined by States/UTs

with due consideration to affordability of targeted segment.

2.2. Affordable Housing Project: Projects using at least 60 percent of the FAR/ FSI
for dwelling units of Carpet Area not more than 60 sqm. will be considered as
Affordable housing projects. In addition, 35 percent of the total number of
dwelling units constructed should be of carpet area 21-27 sqm for EWS
category. Such projects can have a mix of EWS/LIG/Higher Category DUs and
commercial units. Provision of servant's quarters along with the main dwelling
unit will not be counted as dwelling units for EWS/LIG under Affordable
Housing (AH) project.

REF: HTTPS://MOHUA. GOVIN/UPLOAD/UPLOADFILES/FILES/SAHP. GUIDELINES PDF

INFRENCE: People in the communtiy comes under EWS cat-
egory, So area per dwelling unit will be between 21 to 27
sq.m as per the family size.

STANDARDS FOR COMMUNITY HALL

Table | Minimusm floor areas for various activities
Function Area per person (m*)
Main hall:
Closcly seated audience 0,46 (based on movable scats, usually armless,
450 mm centre 1o centre; with fived seatmg
500 men centre 4o centre will increase to 0.6m”)
Dances 0551009
Dining 09 wll
Creche, day nursery o 02 years 3,75
presschool playgroup ¥ )
5 28
Children Sof years (outof 25
school and holidsy schemes,
0P ccess projects)
Mecting rooms 225 up 10 4 people
2 6 people
155 8e12 poople
13 20 pople

INFRENCE: There are 150 families in the comunity, So am
designing a community hall for 250 people capacity. Ac-
cording o the standards 450mm per person- Total area for
the community hall1200sq.m

Community falls under EWS category as per Government of India ministry of

For 150 families in the community, proposed design is a community hall for 250
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ACTIVITY MAPPING

Activity mapping

Single family
Housing Multi family Private
Big family

|Festival ion/ Open Ground

[Community hal

Work

Farming Semi-Private

Storage

Waste Segegration
[Segregated waste

Community

|Bead storage

workshop area

Exhibition

Classroom Space
Middle School/ Play school  [Activity space Pubblic
Small Library space

Small petti shop
Few Temp sop for selling beads and other
artifacts

Work shop

BUBBLE DIAGRAM USING ACTIVITY MAPPING

1
| HOUSING @’ - '?
\

SEGREGATION. I

\\ﬁ %\ ’y'_—
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! \fr SPACE /
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Fig 24 — Process of zoning from Activity mapping to Area statement to Bubble drawing and

site zoning.

AREA STATEMENT

SNO SPACE ACTIVITY AREA
Total no of single family=30 _ Area
ingle famil
Single family e e 630 sqm
Housing: Single family, “Total no of s =

gle family=70  Area

1| Medium sized famil, Join | Medium Family Soeripiati) 18905am
family

_ Total no of single family=50  Area

Join family i 15005q.m
Festival, C
2 | Central gathering space | "ot Ve Community 800 Sq.m
time
Classrooms= 8 No.s X 40 Sq.m =320 sq.m
a 's, P
3 Community school "“:’::":; ud Play school= 60 sq.m 500 Sq.m
Circulation= 50 5q.m
Toilet= 20 sam
a Community hall Functions 350 capacity / inclusive kitchen 1200 sam
5 Workshop Workshop / Display 800Sa.m
3 Commercial space Petti Shops 23Nos 505a.m

7 Storage Waste storage 100X 3 noss 300 sa.m

ZONING
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CHAPTER 5
Design and Analysis

5.1 Recommendations

= Cool roof — Using reflective materials and light colored materials

= Orientation — Most preferred direction is East and west

= Cross ventilation — Having windows placed in parallel walls which helps in
indoor air movement through the class room

= Courtyard — One of the important strategy used in warm and humid climate to
keep the indoor environment comfortable

= External shading — These devices reduces solar heat gain through glazing up to
80%

= Vertical garden — Shaded walls and surface may be 11-25 Degree cooler than
unshaded surface. Temperature under shaded trees may reduce 1-5 compared
to open terrain.

5.2 Site zoning
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SITE PLAN Total site area= 23,268
A Faaiisnd Total built up area= 7,003

Fig 25 — Proposed site plan

5.3 Form evolution
e Housing block
o Building mass is interplayed to get mutual shading, allow cross ventilation
across buildings.

Fig 26 — Iteration stage 01, housing block
o Housing blocks area oriented in east west direction and rotated 45 Degree
to avoid sun radiation, open spaces are added in between the blocks to
make the block efficiency.
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Fig 27 — Iteration stage 02, housing block
o Housing blocks area oriented in east west direction. As to avoid sun
radiation, open spaces are added in between the blocks to make the block
efficiency.

"B

——

m

e
= |
o, g

Fig 28 — Iteration stage 03, housing block
o The blocks are stacked one above the other helps in over shading and cut
down radiation.
e School block

SCHOOL BLOCK EVOLUTION

LAE M AN AW ST A

Fig 29 — School block form evolution
o The element of curvilinear is added to the kindergarten block to cut down
the radiation and also its located strategically on west side since
kindergarten are only upto 12pm.
o The open courtyard allows cross ventilation and allows visual connection.

5.4 Shadow analysis
e Housing block
o Housing Blocks are oriented in east west direction and rotated to 45 deg.
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o In month of May the block dose mutual shading during the peek hours.

o In month of August, average day light duration is maximum and tend to
have no diffused light in north side.

o In month of January, the northern side tends to receives less or minimum
light.

o The open courtyards in between blocks help in mutual shading.

o The blocks are stacked over other creating mutual shading which cuts
down the direct radiation and the courtyard created allows air movement.

JAN MAY AUG |
9AM 3PM 9AM 3PM

OPTION 1: ITERATION 1 g8 Wl U ‘0
pegosisvate

I

Shadow Analysis

:
15 HOURS PER DAY. |c ks P

:
g
&
:

DURANON

1O HOURS PER DAY

OPTION 1: ITERATION 2

Fig 29 — shadow analysis of housing unit.

e School Block
o In shadow analysis, stacking of blocks alternatively helps in mutual shading and

also helps in cross ventilation it cuts down the radiation.
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3

SHADOW AND DAY LIGHT ANALYSIS

JAN MAY AUG
FAM M 9AM 3PM 9AM rm

SHADOW ANALYSS

Fig 30 — shadow analysis of school block.

e Classroom analysis

JAN < WINTER « 17 vy
Towords oc arec

MAY.- SUMMER- 13 hes AUG < MONSOON - 12 hes”
ll

Towords clossoom

Fig 31 — Daylight and radiation analysis of classroom

o Average daylight duration
= The analysis is carried for every one hour per day.
= Month of May receives more day lighting hours
= January receives more daylight through North openings given
= Although summer month of May receives more daylight hours, the more
amount of daylight is achieved in the month of January and August
o Sun radiation analysis
= Month of May receives maximum radiation.
= Observation to note is that whenever more radiation is achieved more
daylight is also achieved.
= More radiation is seen from door opening and jalli window
o Strategies used
= Tiled brick jalli window, for cutting down direct radiation and sunlight
= Clerestory window, for stack effect and diffused lighting
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Clerestory window

S _

Horzental stips prevent drect

radiation and maximize the
wind flow inside. '
1
1
1
1

Tited brick joli window Inclined horizontal louvers Jalli in activity orea

Fig 31 — strategies used for better ventilation and radiation

5.5 Block wind analysis

e As observed wind
flow is from south
west to north
east. By placing
the blocks
perpendicular and
by spreading out
there is air
movement
through the site.
And wind velocity
differs between (0
to 22 m/s). While
planting the trees
it should be noted
and placed
accordingly
without blocking
the flow.

Fig 32 — Block wind analysis

Ground floor plan — Cluster model wind analysis
e By spread out planning wind flow is achieved in-between the blocks and hence
cross ventilation is achieved

= S S s B N
i g 5 ‘ Ay — VX%
B '.&;L ""

Fig 33 — Cluster model wind analysis, Ground floor

First floor plan — Cluster model wind analysis
Kaushika P, Reg no: 40890007, Batch 2020-2022 | 31



e Same way in the 15t floor by placing the blocks alternatively and detached from
one and another helps in air movement. the central spaces allows in creating

Fig 34 — Cluster model wind analysis, First floor

5.6 Wind analysis, through housing units

\

nalysis

Fig 36 _ house 02 wind é
e House 03
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o First floor

Fig 37 — house 03 GF,FF wind analysis

In all three modules cross ventilation is achieved.

North E3at view
Cumutative 12pm

South E3st view

R South E3st view
iy 26 12pn

Cumuiatve 12pm

Fig 38 — Format analysis for cluster
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5.8 Design of housing units
e Residence type 01
o Plinth area — 21 Sgm
Total wall area = 78.12 sgm
Total fenestration area = 12.6285 sg.m
WWR =12.6285/78.12 =0.16 = 16%

O O O

Residence Type- |

Veranda
N
Totalareaoftype-!
Lning/ Ktchen
=
8sakyand PVCPaneldoore~ = - ==

Thermocrete
wall

- - - - = Aluminum Frame

.-+ ReusedPVCpipe

C pipe panel door

Fig 39 — Residence type 01
e Residence type 02

o Plinth area — 27 Sgm

o Total wall area = 73.32 sq.m

o Total fenestration area = 14.961 sg.m

o WWR=14.961/73.32 =0.204 = 20.4%

Residence Type- 11

Verands
wang/ Echen Foldabledoors
PVCPaneldoor
. .
, ~u
‘Bedraom ‘Badroam

Plan

View withthe doors folded
To makethespace oneand

Totalarea of type-ll flexible '
4

Residence=27 5g.m

The extra veranda spacescan .
Be expanded if the family expand

Fig 40 — Residence type 02
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e Residence type 03
Ground floor

Total Plinth area of type-lll

The extra veranda spacescan

Residence Type- Il

o WaII area Residence=325g.m ¢ Beexpanded ifthe family expands
82.16sqm . i
o First floor wall ol i :
area = 56.58 — Foldatlz doars
sg.m Bedrnam wing Enchen .
o Totalwall area 1 J e e ‘
=138.74 sq.m Tmememeet
o Ground floor —
fenestration
area = 10.648 .
sq.m e
o First floor
fenestration
area =11.052 . Exploged view with
sg.m vieww;t71 — Transformed spaces
o Total pipe Panel doors
fenestration
area = 21.7 sg.m Fig 41 — Residence type 03
o WWR=21.7/138.74=0.156 = 15.6 %

5.9 Energy Analysis
e Housetype 01

]
j 1 |
Eé SWITCH BOARD
:|: {Bach Switch board with 54 socket)
L @ WALL LIGHT BULB 09W
{{} | | —
\ @ CEILING FAN 30 W
[ | ———  TUBELIGHT 25W
\ |

Fig 42 — House type 1 Electrical drawing
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Amnual Energy Consumption
Time of No. of davs Annual
S1. No Electrical devices No.Of |usage per o eﬁted ¥ Energy Use
day in hrs PET? kWh
Watts
DWELLING
UNIT 1
1 LED Batten light 18 3 5 365 98.5
2 Philips- 9 Watt LED Bulb 9 3 7 365 68.9
3 Orl.e.nt- Ecoquasar Energy Effcient X 5 15 165 1785
Ceiling Fan 30
Total Energy Consumed| 495.9

Fig 43 — House type 01 Energy consumption chart

e Housetype 02
)_{

e

\

s

T

SWITCH BOARD
{Bach Switch board with 54 socket)

WALL LIGHT BULB 09W

@ CEILING FAN 30 W
—_—

o]

.
—h [ —

P
-

Fig 44 — House type 02 Electrical drawing

TUBE LIGHT 25W

Annual Energy Consumption
No.Of T ;
SL. No  |Electrical devices Devices ui?:::e (;)er No. of days Eﬁ?ﬂse
day m hrs operated kWh
Watts
DWELLING
UNIT 2
1 LED Batten light 18 3 5 365 98.5
2 Phulips- 9 Watt LED Bulb 9 2 7 365 45.9
3 ?;;nn; ];;zquasar Energy Effcient 0 3 15 165 49275
4 Fridge 110
5 30"LED TV 50 1 4 365 91.25
6 Mixer Grinder 550 1 0.25 365 50.1875
Total Energy Consumed 888.9

Fig 45 — House type 02 Energy consumption chart
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e House type 03 Tl

-jo @ﬂ 2 | !A\ | /:$

g]“i‘f- 1 A | ‘k k&‘{

=

T
I

=

SWITCH BOARD
{Bach Switch board with 54 sockst)

WALL LIGHT BULB 09W)|

@ CEILING FAN 30 W
——

TUBE LIGHT 25W

Fig 46 — GF& FF Electrical layout, House type 03

Annual Energy Consumption
No.Of .
Time of - Annual
. . No. of days
SI. No Electrical devices Devices |usage per operated Energy Use
day in hrs per? kWh
Watts
DWELLING
UNIT 3
1 LED Batten light 18 5 5 365 1654
2 Philips- 9 Watt LED Bulb 9 5 7 365 114.9
3 ()nn:.nlf Ecoquasar Energy Effcient N 4 15 365 657
Ceiling Fan 30
4 Fridge 110
5 30"LED TV 50 1 4 365 91.25
6 Mixer Grinder 550 1 0.25 365 50.1875
7 WET Grinder 1.251t (ULTRA) 85 1 0.5 73 3.1025
Total Energy Consumed| 1191.84

Fig 47 — House type 03 Energy consumption chart
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Energy demand in Housing unit

Amount of
Total energy
) No of power
SI.No Residence ) demand
residence generated
kW/ year
kw/ year
1 type 1 80 495.9 39640
2 type 2 60 888.9 53334
3 type 3 25| 1191.84 29795
Total 83129

Fig 48 — Energy demand in Housing unit chart

RESULTS 88,881 kwh/Year+
Month Solar Radiation AC Energy
(KWh / m2 [ day ) (kwh)
January 6.82 9,438
February 6.86 8,476
March 7.26 9,782
April 6.61 8,556
May 5.67 7,683
June 5.04 6,670
July 4.60 6,353
August 4.57 6,343
September 5.07 6,749
October 4.89 6,664
November 3.73 5,119
December 4.99 7,049
Annual 5.51 88,882

Fig 49 — Energy demand in Housing - Month wise

o A 2kW solar system is the ideal capacity solar system for small size homes
and flats just like a 2BHK. This solar system can generate enough energy
to power all your home appliances up to 1600 watt load, while being
environmentally beneficial.

o This 2kW capacity solar panel needs 12 Sqg. Mtr shadow free area for solar
panel installation. Total area available on the roof 120 sq.m on each
cluster module
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5.10 Rainwater harvesting

Rainwater R unoff Effective =
harvesting m? | co ie catchment End Use Percen| Usein ther Blflckwater
3 t use LPD in LPD in LPD
surfaces nt area m
Bathing 30% 20378 20,378
RoofSuraces | 721914 o088 6138.269
Washing 15% 10189 10,189
Hardzcape ared 85948 0.70 62838
2400] |Cleaning house 8% 5434 5,434
softscape areagi G000 030 Washing Utensils|  16%|  10868| 10,868
o] |Others 2% 1359 679 679
Other Drinking % 2717 2717
1 W Cooking 2038 2,038
_ Toilet Flushing 10189 10,189
Tatal Effective catchmentarea 14799.869 Total 63170 47,548 15,623
Fig — 50 Rainwater catchement chart Fig — 51 Domestic water consumption chart

o 18,376.6 KLD of water is collected from the catchment area. Water is stored in
underground tanks going through filtration process
o In case of water demand needed water will be collected from hand pumps provided

in the site
S o
I ; o -i
| o
- | 5!
: | : = e = :
I : (FILTRATION) | I
l STTO‘\I::\EE I 0 I
[ 0
L i Y sy = & Wi
§484% -
| _t_l | e e e e e e e |
T WATR WATER USE
SOURCE Fig — 51 Water use flow
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Freshwater requirement thereby is 67,966 LPD

FRESHWATER REQUIREMENT 67,966 LPD

B :

Domestic water requirement=1 | o, .. sonerated51961LPD

67,925 LPD
L J
Treated wastewater with B0% efficiency
1
Toilet flushing Cleaning, Gardening 20%
15% Washing 65% 12 466.8
62,334 LFD 40,517 LFD S

Fig — 52 Water balance table

5.11 Sewage treatment calculation
o Total domestic water demand (TWD)= 67,966 LPD
o Estimated sewage 50% of TWD
o Estimated sewage= 33,953 LPD (The sewage estimate is reduced to 50%
because of eco-san toilets)
o Total space required for 33,953 LPD
o 45X4.5X2=40.5CUM
o Three chambered septic tanks are designed. The filtered and treated water is

R P pe let out for
supply =2 L ] weitid j recharge ground
) ' Greywater : Water
&‘l__, = l
N
; U ) | . , — 1
= 4 <55 ¢
K. 4 E S -
¢ Laundry _‘\j o L
(S ¢
,l’ — Septic tank
T,ﬁ‘;} | U /
f -1 ‘ f‘,’?ff,:,;: - Fig 50 — Greywater treatment

Collection/

Filtration ~ . .
Treatment of | p 1 %
Greywater [ — —_—
Storage and Pumping
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5.12 Recharge pits

o Recharge pits are used to divert rainwater
into an aquifer.

o The Recharge pit is covered with
perforated concrete slab.

o The pitis filled with gravel/ pebbles
followed by river sand for better
percolation.

o The soft-scape runoff waters are diverted
to recharge ground using Recharge pits.

o Using 100 X 16 X 0.3= 480 liters of water
can be collected in the pit. Multiple pits
is provided according to site coverage Fig 51 — Recharge pits
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CHAPTER 6
DESIGN STRATEGIES

6.1 SITE STRATEGIES
[

] SITE PLANNING STRATEGIES

\ =

OPEN SPACE
WHICH ACTS AS TALL TREES ARE PLASED ON THE
NORTH EAST WHICH CUTS DOWN RADIA-
TION AND ALSO ALLOWS WINTER WIND
SPREAD OUT PLANNING FLOW THROUGH THE SITE

LOW IMPACT STRUCTURES

®sessses
Bececccse

BIO SWALES- TO CATCH
RUNOFF WATER.
.

-
.
Sececcnccos

RECHARG PITS ARE PROVIDED
FOR GROUND WATER RECHARGE
THROUGHT THE SURFACE RUNOFF

B ® s e s OPEN SPACE
WHICH ACTS AS

BUFFER ZONE

MUTUAL s ecvcccnee
SHADING

USING LOCAL MATERIALS LIKE TATCH
FOR WORKSHO AND COMMERCIAL SHOP
GIVES A NATIVE LOOK AND ITS COST EF-
FARMING SPACE IS INTRODUCE FECTIVE

IN BETWEEN THE RESIDENTIAL

AREAS 1
GREEN ROOF ARE INTRODUCED TO IM-

PROVE BUILDING PERFORMANS AND AS
UHI MITIGATION X

ROTATED TO 135 DEGREES TO
CUT DOWN HEAT GAIN FROM
THE SOUTH WEST DIRECTION

®essssce

THE MODULES ARE PLANNED IN
THE WAY THAT IT HELPS INesssss e

MUTUAL SHADING AND CROSS B
VENTILATION LOT OF GREEN SPACES IN THE SITE TO REPUCE UHI

Fig 52- SITE STARATEGIES
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6.2 CLUSTER PLAN AND ANALYSIS

' | CLUSTER MODULE

FIRST FLOOR PLAN 7 oS TP I‘P \
—_ === = b\ HOUSE TYPE- 2 " S Aj?
.

I House Tvee- 3

Base case Cluster radiation analysis
INFERENCE: By placing the blocks in cluster form it creates
mutual shading and reduces radiation, Low density plan-
ning with courtyard and opens-paces in between helps in

g s better thermal comfort ‘_"—"I_. .
RADIATION ANALYSIS = ——adliE =

The analysis is done for critical month (May 2é6th) and
Year cumulative is being analyzed

May 26™ Year cumulative WIND ANALYSIS

Cluster Plan Ground Floor

North

Duiing the cilical day radiabion on he North facade i 650731 kWh/Sam. 1y cumulafive analysk north facade recleves 475 - S00kwh/sq.m.
Since it the north facade it dose nof receives harsh radiafion. Since ifs the north facade It dose nof receives harsh radiafion

By cluster planning wind flow is achieved in-between the blocks and hence cross ventilation is achieved. maximum

wind speed with the velocity of 3-7 m/s is passing through

Cluster plan First Foor

South east

Owing the citical day radiation on fhe South East focade is 200-250
kwh/sq.m. 8ut the East facade recessives more radiafion 700kwh/sq.m,
afler the design ileration its reduced 10 350- 475 kwh./sq.m

south west

Same way in the 1st floor by placing the blocks alternatively and detached from one and another helps in air move-

During the cifical day radiafion on he South East facade is 200250 x ¢ i - "
Kwh/sa.m. 80 the Wes ives more tadiaion ment. The central spaces allows in creating Bernoulli's effect that helps in circulating the flow.

after the desgn iteration ifs reduced fo 300- 391 kwh./sqm

FIG 53- cluster plan and analysis

CHAPTER 7
CONCLUSION
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Conclusion:

tried to implement the pillars of
sustainability

Designed a self sustaining community for
the community people

By this design their standard of living will
be improved

By providing urban farming plots they
will get to grow their food and can sell
the excess

The commercial space provided in the
side acts as the connecting element
between the community and people.

By incorporating site strategies passive
design is being achieved

Energy demand is being addressed and
the energy is minimized

When there is water demand hand
pumps are provided in the site where
they get access to fresh water
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