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ABSTRACT

Natural ventilation is efficient for passive cooling of buildings, to improve indoor air quality,
occupant comfort and consequently, the reduction of the use of electric energy. Hence
passive strategies to maintain the indoor thermal comfort using natural ventilation are
analysed for a warm humid climate. CFD analysis for evaluating cross ventilation for various
iterations to identify the better performing results. Thesis identified results were
incorporated in the planning and designing of the high rise residence. Energy analysis and
cost analysis to identify the reduction in energy and the cost savings by avoiding air
conditioning. Sustainable practices like usage of renewable power, storm water and grey
water management and waste management to further reduce the energy consumption and

make the design more sustainable.
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CHAPTER 1

INTRODUCTION

1.1INTRODUCTION

Natural ventilation is one of the most important strategies for the passive cooling in high
rise buildings, as it provides thermal comfort and improves the health of users, through
internal air renewal. It also reduces the energy consumption, and avoids the use of
mechanical ventilation and air conditioning systems. The energy cost of a naturally
ventilated building is typically 40% lower than that of air-conditioned building. Since high
rise residential buildings contribute to 75% of the energy consumption in the building
sector it is necessary to reduce the amount of energy consumption to make it more
sustainable. High rise buildings are exposed to maximum solar radiations as they are
not completely shaded by the adjacent buildings and vegetation. They also experience
high wind speed as the floor height increases hence it is necessary to induce passive
strategies for controlled air movement.

Climate plays a major role in increasing the effectiveness of the passive strategies
followed in order to improve the natural ventilation. Warm humid climate is considered to
be more preferable for the provision of balconies as they are required to have a

controlled and consistent air flow pattern.

1.2 AIM :
To design a naturally ventilated high rise residential building in a warm humid climate
with strategies to reduce energy consumption.

1.3 OBJECTIVES :

» To design a vertical housing incorporating the various passive strategies and
analyzing the effects of the parameters to increase the effect of natural ventilation.

» To observe the variations of wind pressure and wind velocity at different levels in a
high rise residential building by evaluating the air flow to achieve the required
thermal comfort.

» To create an environment with sufficient daylight and to achieve the required lux

level.



1.4 SCOPE & LIMITATIONS :

» To plan and design a naturally ventilated and climate responsive high rise residential
building with the most effective criteria for orientation, massing, lightwell ratio,
window wall ratio and window floor ratio.

» The research is limited to focus mainly on the strategies to improve natural
ventilation thereby avoiding the purpose of mechanical systems.

» Climate responsive design strategies to suit only the warm humid climate.

1.5 METHODOLOGY :

Orientation, Natural Ventilation, Space Requirements, OPTIMIZATION OF NATURAL ”M'TAT'O'\!S
ANALYSIS —*| CASESTUDY Energy Efficient Techniques VENTILATION IN HIGH RISE  —> Warm Humid
I RESEARCH — RESIDENTIAL Climate
] | ;
LITERATURE 1 PASSIVE
. E@ﬁogggl smgi/'l"”eb ) Radiance Royal, [—»| Analyzing the findings to derive PARAMETERS Most Effective Criteria
anc enJur}ga, umbal Poonamallee | the area statement & for the
: Newlon Sutes, base case analysis l l l
Singapore | _ 1
_________ ORIENTATION MASSING WINDOW OPENING
. Effective angle . Distance between RATIO
SIMULQHF)N T NS towards wind the blocks *  Orientation
Solar radiation * Te‘mperature direction *  Block Arrangement *  Size
Wind velocity *  Wind speed +  Block Typology *  WFR&WWR
® Surface Temperature
*  Daylight
BALCONY
—>‘ CLIMATE STUDY H Warm Humid climate [ e —— — - . Opening
| INFERENCE I configuration
¢ Cliffate Consultarit Identifying the climate suitable | DATA COLLECTION STANDARDS & NORMS +  Depth
_ . Mahoney Table _>| passive strategies to increase | *  Wingwall
+  Weather websites I natural ventilation 1 l ‘
BUILDING BYE-LAWS ENERGY NORMS
_________ +  NBC2016 +  ECBC
—4 SITE STUDY H PARAMETERS FOR ANALYSIS r INFERENCE ! *  URDPFI * Eco N?WES
| identifying the natural features | . CMDA Sambhita 2018
l | of the site to design accordingly | L

. Geographical Location 1 with reduced environmental |

Fm———— -
*  On-site & Off-site features —’I impact and increased natural | | Consolidating the collected information for |
. SWOT Analysis i ventilation i building performance analysis 1

B

Site Zoni ! !
DESIGN —»  CONCEPT  —»  I[TERATIONS i I |
Building Form
l l ! An;lyzmg the. sesiifs! | Conceptual site plan and
.to e»):pen;ventt — massing based on the most
various iterations to . ;
SIMULATION PARAMETERS | - ahiova ah SIGIERE | effective iteration
*  Formit *  Solar Radiation I Ut !
*  Shadow Analysis *  Shadow Analysis I ’ I
*  Flow Design *  Wind velocity I 1
N - ]
BUILDING
| PERFORMANCE . ) ) ) X Daylight, Cross Ventilation, Energy
ANALYSIS Spatial Planning — Analysis & Evaluation OF ?aSIC formiform, with most-effective —> Consumption, Cost analysis, Materials — U
passive parameters valus
SIMULATION | ] [ == == o= o o= = = = = = = = = = = |
*  REVITGREEN MANUAL CALCULATIONS BAR CHARTS/ GRAPHS ! Comparative analysis and implementing strategies to reduce |
BUILDING STUDIO | —> — H ¥ P e g
5 ESVE *  Tabulations *  Excel " energy consumption. 1
+  SEFAIRA R e 1

DESIGN Detailed Floor plans & .
L, —
DEVELOPMENT Sections SdViews e SONEHEION

l Naturally ventilated, Climate Responsive High
Rise Residential Building with Sustainable Energy

*  Waste & Grey water management Efficient measures.
m *  Solar power generation

* Storm water management

Fig 1.1 Detailed Methodology



CHAPTER 2

LITERATURE REVIEW
2.1 CASE STUDY :

Literature & Live case studies with sustainable practices & passive strategies for natural
ventilation and to reduce the solar radiations were selected for analysis based on the
criteria of warm humid climate, similar site area and space requirements.

» Treelodge, Singapore

= Kanchenjunga, Mumbai

» Newton Suites, Singapore
CASE STUDY INFERENCE :

S.NO | PASSIVE STRATEGIES CRITERIA INFERENCE
1. Site Plan

Site planning by differentiating the semi public, private and service areas
for efficient functioning.

Zoning

7.3 Orientation Predominant wind Chennai receives consistent sea breeze from the east throughout the year.
/ Direction & % Hence it is necessary to orient at an angle to utilize the easterly and south

/://' Solar heat -~ E easterly winds.

& 1 o

Gain

Arrangement of blocks Wide spacing between towers with min of 15m to ensure cross air

circulation and to create self shading thereby reducing the heat gain.
15m
G -

4, Vgrtical Zoning

Defining the spaces for the units and the no of required service cores as
the norms. Floor plans with more then 4 residential units require 2 service
cores for easy access.

S.NO | PASSIVE STRATEGIES CRITERIA INFERENCE

5 Natural Ventilation Cross Ventilation Maintaining the indoor thermal comfort by increasing the natural
—43 = . — ventilation.

i * Max openings on the

* Balconies

* Open spaces

* Lightwells

coee;

i

B ANy
alay

dand |

P

6. UHI Effect

O

7. Shading Elements Reduce solar radiations Shading elements to reduce the direct solar radiation on the southern and
3 n facades during st S,

Balconies

Sky gardens

Shading Devices

Cantilevers

Necessary strategies to cut down the UHI effect
*  Green Roof

*  Green walls

*  Hybrid planting

* Cool walls

Sy
o IRy—

i

Rain water harvesting

Storm water runoff

Solar power generation

Waste and Grey water recycling

Reduce energy usage and save resources

=
- T




CHAPTER 3

ANALYSIS

3.1 CLIMATE ANALYSIS :

Analysis of Warm Humid climate from Climate consultant, Mahoney table and weather

websites.

« Summer months receive winds majorly from South-east and South direction.

» July to September receive winds from South-west monsoon.

» October to February receives winds from North-east monsoon.

PARAMETERS

MAHONEY TABLE

CLIMATE
CONSULTANT

BAR CHART

INFERENCE

Wclimateconsultant  Mmahoney table

TEMPERATURE Max Temperature — April Max Temperature — May Temperature The climate of Chennai remains hot and
(37 degc, (38 degc) humid for most of the year hence it is
Min Temperature — Jan Min Temperature —Jan (20 | _ necessary to provide proper shading
(21 degc! degc) strategies to avoid the heat radiations into
Average Temperature — Average Temperature —33 [ . _ the indoor
32.2 dege dege spaces.
-
0 10 20 30 40)
dimate consultant @ mahoney table
RAINFALL Max Rainfall — Nov Max Rainfall — Nov Rainfall (mm) The city experiences cyclonic rainfall during

(384mm) (407.4mm) the north east monsoons hence precautions
Min Rainfall — Feb (1.8 Min Rainfall — Feb (2.2 have to be taken to avoid storm water runoff
mm) mm) max _ and to follow water
management
min I strategies. -
0 100 200 300 400 500

PARAMETERS MAHONEY TABLE QUMATE BAR CHART INFERENCE
CONSULTANT
DRY BULB Max Temperature — May Max Temperature — May (39 Dry Bulb Temperature (Day) The air remains very dry and hot during the day and the
TEMPERATURE & June (38.2 dege) dege) city experiences high temperatures in most of the
(Day) Min Temperature — Jan Min Temperature — Jan (20 me months. A
(19 dege) degc) Shading of western e
min [ and southern facades
is necessary to
0 0 20 0 0 =0 maintain the indoor
W climateconsultant @ mahoney table thermal comfort.
RELATIVE Max Humidity — Nov Max Humidity — Nov (78%) o Annual average relative humidity is 69.8%. High
HUMIDITY (Above 70%) Min Humidity — June (57%) Humidity humidity is recorded L
Min Humidity — June (50 during winter months A} / . ===
- 60%) max | Passive strategies P § ///‘/‘9 =
min . have to be followed ;/\‘s =T _L
for increasing K:}Qj y L&
0% 20%  40%  60%  B0%  100% | the cross ventilation / -k
® dimate consultant  mmahoney table at every regularty _£
occupied spaces. :é
WIND VELOCITY No data Max wind velocity — May (5.8 Wind velocity (m/s) Strategies for 1
m/s) utilizing the =
Min wind velocity — Oct (3.8 e —— seasonal winds by b 1
m/s) o providing max
min ——— openings
facing the
0 2 4 6 & | predominant
®dimateconsuitant W mahoney table wind directions.

Fig 3.1 Inference of Climate analysis




WIND DIRECTION :

3.2 SITE ANALYSIS :
Vanagaram in North east Chennai has evolved into an upmarket residential neighbourhood
due to the close proximity to the IT Parks of Ambattur and Poonamallee High road. Nearly

132 upcoming new residential projects at vanagaram.

LOCATI ON M AP

PRESTIGE WINDSOR PARK

LANDMARKS AT CLOSE PROXIMITY

@ Vanagaram Bus Stop @ ACS Medical College
(500m) (2.2km)

@ Maduravoyal Flyover ® Saveetha Dental
(1.12km) College (2.2km)

@ Aravind Eye hospital
(2km)

LTy Lovoy 0

.m.m...‘:."*'-&..

Fig 3.3 Landmarks at close proximity
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L4

. Site c!eared > \

for J =
constructign
Site & its surroundings was <

. covered with vegetation

Fig 3.4 Site Development in 15 years

The site is a flat land with gradual difference in the terrain ranging from 15m elevation in
the north to 13m at the center of the site and 14m at the southern end. The slight

variation is noted from the edges of the site to the center in a length of 272m.

The natural slope of the site can be
utilized for site draining and storm

water collection.

Fig 3.5 Natural Slope of the site

Canopy Trees

WEAKNESS:

sClimate — Increased
strategies to achieve
thermal comfort in summer.

*Heat radiations & Noise

\d-ue to NH48 J

THREAT:
#Site surrounded by low rise
structures hence the

building is prone to max A

N— _

Fig 3.6 SWOT analysis and Native Vegetation
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- Residential (Max ht - G+2)

Multifamily Housing (G+4)

- Ware house (Gf)

~aramiBUS)S

I institution (G+2) ! : s Y U™ Voo

I Commercial (Max ht - G+2) LA™ ¥

bl
TNIEB (')fh'(‘oﬂ/anaqdrum
i Ny B et

. <« »

m"

B ': Prestige Windsor Group (5 acres)

= Coovum River (166m from site)

= Secondary road (6m width)

= Primary road
Poonamallee High Road- NH 48 / E TILE SO _
(15m width) g [ Lounie . » W

Fig 3.7 Landuse

NH 48
ENTERY /EXIT Poonamallee
High road

On site vegetation

Longer axis of the site faces
east-west direction.

272m

Predominant winds
are from Northeast & secondary road
South west
Traffic noise and
er’
) pollution from
highway
Visual
Southwest — — =+ connectivity of
Most heat gaining 104m the site
direction

Fig 3.8 Site Analysis



CHAPTER 4

ANALYSIS OF PASSIVE PARAMETERS

4.1 ORIENTATION :

(4720

Fig 4.1 Oriented 30 deg, 90deg, 45 deg & 60 deg towards wind direction

ORIENTATION AIR VELOCITY(m/s) ?)l: :’TE'II;EOL(:EE:J:‘[{;]
ANGLE TOWARDS ON THE WINDWARD EACADE INFERENCE
WIND DIRECTION FACADE
90 deg 13.8 12 Tlhe .ajr velocity on the leeward fagade of the building has
significantly reduced to a great extent.

Air velocity is almost similar to both facades of the building, L
| the windward and the leeward side. This enhances the cross |
I Hideg 133 14 ventilation as openings on both facades will be exposed to |

equal air movement.

: : : , |
Al 13 10.6 S!lghtly lesser air velocity compared to the 30'deg ang.ie, still
I gives better results compared to the perpendicular wind angle. |
60 deg 12.7 15 This c?rlentatlon does not gfve‘ uniform and consistent air
) velocity throughout the building.

Table 4.1 Orientation analysis based on wind angle

Orienting the block to 30deg angle towards the predominant wind direction shows better

results in receiving consistent wind pressure on all facades compared to the other

orientation angles.

References :

Research Papers

1. Natural Ventilation Strategies for Residential Buildings in Famagusta Author : Ibrahim Salyani

2. The Effects of Void on Natural Ventilation Performance in Multi-Storey Housing. Author : Fakhriah

Muhsin

3. The Potential of Balconies to Induce Wind-Driven Natural Ventilation in Single sided Ventilated High-

Rise Apartments. Author : Mohd. Farid Mohamed



4.2 MASSING :

Unshaded

Unshaded

Fig 4.2 Block Arrangement

Block arrangement with spacing casts shadow I

over adjacent blocks reducing heat gain and also

increases the wind movement in between the

blocks.
Fig 4.3 Block Typology

Double loaded typology receives sufficient air velocity compared to the other two

typologies. Units remain well shaded from direct solar radiation.

Proper air circulation is
noted at 15m distance
between the towers. As the
distance between the
blocks increases winds

start to dessippate.

Fig 4.4 Distance Between the Blocks



References :

Research Papers

1. Design optimization and field demonstration of
Author : Chaobin Zhoua

natural ventilation for high-rise residential buildings.

2. An Attempt to Design a Naturally Ventilated Tower in Humid Subtropical Climate of the Developing

Country. Author : Maha Sohail

3. Design guidelines for energy-efficient multi-storey residential buildings in warm humid climates.

4.3 SHADING DEVICE :
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Fig 4.5 Over Heated Period of Chennai

VSA — 45deg

COMFORT ZONE :

Position of Center of Comfort

Tce = AMT/4 +17.2

Therefore, Tcc = 24.33

Above 24.33+1.75 = 26.08
Below 24.33-1.75 = 22.58

13

MONTH | MAXET | MINET
RIS, [ Than "[T5 ] 20 7
_______________ B [ Feb 26 209 |l
T ™March | 29~ | 235 |
_Aprl [ 31__| 252 _
! | may 335 265 |
t : June 32 26.5 :
Ty " 30 ] 26 |
Aug 285 25.2
COMFORT ZONE SUPERIMPOSED ON ET CHART Sept 288 254
| Octe | 28 | &7
| Nov 26.5 28 |
| pec 2538 207 |

(R 8 8 8

===—2~ Upper Limit = 26.08 ET

s Tec=24.33ET
Lower Limit = 22.58 ET

3

3

EFFECTIVE  TEMPERATURE o/

-

EFFECTIVE  TEMPERATURE ofe

May &¢June are the months with

The northern and
eastern facades require
only the horizontal
shading device with
VSA as 45 deg to cut
down the radiations. The
southern and western
facades require
horizontal and vertical
shading device with
VSA as 45 deg and HAS
as 60 deg.



4.4 BALCONY & WINDOW OPENING RATIO :

N Plan
> Opening Size
4am 4 4m 4m e
(g’ m
WEFR 18%
am 4m 4m am
2nos-1mx1.5m
1.5 2 25 R WEFR 25%
2nos—1.5mx2m
1% Floor Case 1- WFR 18% 1t Floor ____CisEZ_—_V-V.FR 25%
! 1
| 1 1
2 1 1
! 1
1 1
1 1
s Y A ] 1 - |
1.5 1
J e 2m 2.5m 3m | Il.Sm 1 2m : 2.5m 3m
1 -
Tm em e o e e e e —I =
7% Floo [ —— -t Floor
1 1
1 1
] 1 I
1 1
i I
° 1 ! )
— 1 1 — -
1.5m [ 11'5'“ ,‘
= o ]Zm : 2.5m 1 3m 2m 25m 3m
1 1
________ - N —
[ o T e I 1 T TIuAtE W
Velocry 000 o 0 (51} 0% 035 041 048 055 062 089 0 s
Tapawse 20 uss nn U355 33 WM e M znn 64 ] us 21

Fig 4.6 CFD analysis for South facade
Balcony depth of 2m with WFR 25% performs better at floor levels form 1t — 61 and depth
of 2.5m with WFR 18% is preferable for 7t — 13t floors as the required wind velocity is

achieved within the required temperature range.

Shading time [h]

March 21 June 21 Dec 21

Fig 4.7 Shadow analysis for South facade



Balcony space remains shaded during Equinox and at Summer Solstice. At Winter Solstice
due to low sun angle the balcony is exposed to sun light. Hence the HSA and VSA proves

efficient for the southwest facade balconies.

2m

—————
= —
&0} {

Zm
HSA - 60deg
— L
. VSA —45deg
Recessed Balcony Semi Recessed Balcony

Fig 4.8 Shading device for South fagade

Vertical fins to cut down the heat from west. Achieved about 60% of shade during Equinox.

The remaining 30% will be achieved through adjustable louvers and shade from plants.

SHADING DEVICE
ORIENTATION FLOOR HT DEPTH (m) WFR INFERENCE
Horizontal (m) Vertical (m)
1t — gth 2 25%
South 2 2
7th _ 13th 2.5 18% )
Indoor air
velocity of
15— th 15 25% 0. 30m/8T
East 15 _ 0.48m/s with a
7th—13th 2 25% indoor air
temperature of
28degc to
15t — pth 2 25% 29.6degc is noted
West : 2 2 which is ideal to
7th — 13th 2.5 18% .
maintain the
indoor thermal
comfort.
1.5 25%
North 1st—13th 1.5 -
1.5 25%

Table 4.2 Balcony depth & WFR for different facades

CHAPTER 5

DESIGN

5.1 CONCEPT :

High rise structure surrounded by low rise buildings is constantly exposed to direct solar
heat gain hence it is necessary to cut down the heat gain using shading and over
shadowing strategies. Orientation of the blocks such that one tower overshadowing the other

during the peak hours of the day to reduce the radiations. Balconies proving shade to the floors

below. Shading Fins to prevent direct heat from the west. Extended cantilevers with large VSA to



reduce the penetration of heat to the indoor spaces. Lightwells with voids and built form to avoid

the direct light and induce diffused light and radiations. This also creates over shadowing.

%4y &

Fig 5.1 Conceb;t of Shade & Shadow

5.1.1 BIOPHILIC DESIGN :
Life in a high rise residence is completely devoid of the connect with nature and detached

from the natural environment especially as the floor height increases.



Biophilic concept creates a connectivity to the natural environment even in the higher floors

thereby giving the feel of a low rise structure.

Principles include
e Access to natural ventilation and daylight
e Increased connection with nature
e Views to green spaces

Plants at the exterior facades reduces the CO2 content in the air and purifies the air.
Reduces the noise level form the outdoor environment entering the indoor spaces. Green
walls shade the indoor spaces from the direct radiation during the peak hours of the day.
Preferable for western facade of the building. Creating private indoor green spaces in
every residential unit to give the users of the high rise, a feel of living along with the
environment. Biophilic design acts as a solution to most of the challenges faced by the

high rise building, to have a comfortable living environment.

CO2

........

polvert sotti

v e

25 abh
O » ,‘;&"3 B o

PROOUCE OSSIGEND

bt DY

Fig 5.2 Concept of Biophlic Design MITIGA L INGUINAMENTO ACUSTICO

e I )




5.2 ZONING:
ITERATION 1 & 2

ENTRY / EXIT

Parking for 44—
commercial .
space =nd .

visitors

Parking for 4—] -
/ \ commercial N . ‘
space and J
Y./ isitors :

..........................................
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Fig 5.3 Zoning Iterations 1 & 2

Club house and other outdoor gathering spaces are located at the center of the site for easy

access from all the towers and to develop social sustainability.
Space for outdoor play area at the south eastern end shaded during the evening hours.

The site is balanced with residential and activity spaces. The central gathering space

becomes a space for social sustainability.
ITERATION 3

45 deg orientation occupies more space on site and the space for greenery is reduced on
site. 45 deg orientation of the towers over shadows the adjoining site area thereby
reducing the direct radiations on the ground. Reduced air velocity and inconsistent air

pressure is noted on the leeward side of the site as the orientation of the towers diverts the

wind. movement .



Shadow Analysis

6
@

ENTRY [ EXIT

Parking for
commercizl
space and

visitors

[ —4 [ —
= | : l"" "'\’\jf""‘ 5503

é

30 deg orientation of the towers over shadows about 3/4" of the adjoining site area at

Harvesting
due to
natural
slope of
the site

Gathering
Spaces

Service
Road

Orientati

n + 45 deg

Fig 5.4 Zoning lterations 3

ITERATION 4

summer solstice thereby reducing the direct radiations on the ground.

Uniform distribution of wind velocity throughout the site. 30deg orientation facilitates

wind movement in between the blocks and throughout the site.

30 deg orientation has space for efficient space planning with increased green spaces

and proper air velocity and reduced radiations.
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Fig 5.5 Zoning lterations 4

5.4 MASSING :
ITERATION 1

March 21 Shadow Analysis
‘ Wind Analysis
Go \ e
8am k ipm 4 30p:
June 21+

Dec 215t

-—
NSy

®.
) (&
—

Fig 5.6 Shadow analysis and wind analysis for Itr 01

N




Air velocity on the southern facade is inconsistent and less than 1m/s is noted on the

south eastern part of the facade. The form affects the distribution of wind velocity.

The south fagcade of the towers receives shade for less than 1hr during the day from
10am to 5pm when the heat gain is high. This will affect the indoor thermal comfort as

max openings will be provided in the south.

Solar Radiation Analysis

5 032KWh/Sqm I _.-—'-"'""-"_ Shading time [h]

l
!
I

he south facade is |
to about {

Fig 5.7 Cummulative Shaddw analysis for ‘Itr 01

March 21 Shadow Analysis
ﬁ Velocity (m/s) [Pressure (Pa)]
3379 [0]
2.927 [-0.261]
00 2390 [-0.521]
D 1.690 [-0.782]
0[-1.042]
8am 1pm
June 21%t

Dec 21+t

— g 44

Fig 5.8 Shadow analysis and wind analysis for Itr 02



Increase in air velocity near the southern and western facades of upto 2.5m/s is

noted but the velocity rate is not carried out throughout due to the form.

) 1
Range: Manth - Jun Method: Peak

50.7 015
Vanagaram, Madhuravoyal, Chennai, Tamd Nadu, India —/ '
) W

g1 2 3 4 5 & 7 8 5 10
7 7 101 |
Shading time [h]

BTU/sq ft

Fig 5.9 Cummulative Shadow analysis and solar radiation for Itr 02

The southern and western fagcade remains unshaded during the peak hours of the day.
The form does not contribute to self shading hence the facades are exposed to

radiations. Reduced heat gain is noted during the evening hours of summer solstice.

ITERATION 3

March 215 Shadow Analysis

gOo

June 21t

=

Dec 215t

. p— g &

Fig 5.10 Shadow analysis and wind analysis for Itr 03




Wind velocity noted on the southern and western facade is above 2m/s as the stacking

form increases the air pressure on the surface.

Solar Radiation
0.09Kwh/sgm Analysis

West
Facade

ot
3 " -t - -

0.30Kwh/sqm e Neshd O e’ == 01 2.3--5-‘.-'-’-10

e v i -Shadunq hmc-[h] - Shading time [h]

Fig 5.11 Cummulative Shadow analysis and solar radiation for Itr 03

Increased shade is created on the south facade as the form over shadows on the
adjacent surface. The shadow casted prevents the surface form direct heat gain during

the peak hours of the day.

ITERATION 4
March 215 Shadow Analysis

June 21%t
==

——

Wind Analysis

0.30kwh/sqm

|

Fig 5.12 Shadow analysis and wind analysis for Itr 04



Fig 5.13 Cummulative Shadow analysis and solar radiation for Itr 04

Most of the southern fagcade remains shaded as the extended portion casts its shadow on
the recessed part which is shaded throughout the day. The massing proved efficient in

reducing the solar radiations. Only the west facade is exposed to radiations.

ITERATION 5

March 21 Shadow Analysis Wind Analysis

throughout
the facade.

Fig 5.14 Shadow analysis and wind analysis for Itr 05

Increased air pressure on the fagcade is transmitted to the adjoining spaces and also

to the tower behind due to the spacing between the blocks.



0.29Kwh/sgm

012 834 56 7 & 51
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Shading time [h]

Fig 5.15 Cummulative Shadow analysis and solar radiation for Itr 05

The direct radiation is reduced both in the south and west fagcade and the number of shaded
hours is increases in both facades (min 3hrs to max 8hrs) due to the concept of

overshadowing.

ITERATION 6

Fig 5.16 Wind Analysis for Itr 06

The solids and voids in the fagade increases the air pressure on the surface. This will

help in increasing the indoor air velocity.
Projected cantilevers as green spaces at alternate floors.

This is provided at the southern and south western facade to mitigate the heat from the
west and the wind passing through these plants loses its temperature and becomes

cooler when reaching the indoor space.
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Fig 5.17 Cummulative Shadow analysis for Itr 06

5.5 FLOOR PLANS & ANALYSIS :
1 BHK : South

Plan

Kitchen
3.9mx 2.5m

Living & Dining

! 6.2mx 6.2m
o, Bedroom w1
w2 5m x 4m
- \ Balcony / Sky garden Toilek
\ 4 Smx.2.5m 1.5mx2.4m
Balcony
5mx2m

Fig 5.19 1BHK plan

1% Floor

WFR
Opening | Width | Height Area Openable |Opening Area
Name (m) (m) {sqm) | Area (sgm) %
Wlx4 1 2.1 1.52x4 7.68
W2 1.5 1.5 2.07 2.07
90%
W3 1.3 1.5 252 2.52 Openable
W4a x2 1.2 1.2 1.26x2 2.52
vV 0.6 0.6 0.36 0.36
D1 1.5 2.1 2.97x2 5.94
Total Openable Area 18.12
Total Carpet Area 69.15
WFR = Openable area / Carpet area 25.06%

Table : 5.1 WFR of 1 BHK

12™ Floor Key plan
Kitchen Kitchen
Living & Dining Living & Dining
R 2
) ’)
Bedroom Bedrosdt 3
|
Balcong// N Balcony /
15 aal Sky garden Sky garden
£ofly p 2 Balcony
1 | 1 1
Wy 000 007 oM LM 0% 035 04l 04 035 062 069 016 »e
Tapeem an [8s an s Pk »M anm an ny B W uy 4

Fig 5.20 CFD analysis for 1BHK plan

The indoor air velocity ranges between 0.30m/s to 0.41m/s and the indoor air temperature

is maintained between 27 — 28 degc which is ideal for achieving the indoor thermal comfort.



WWR REFERENCE - ECO NIWAS
__|Opening| Non Opaque . Total Non SAMHITA 2018
. . __|Opening : - Total Opening
Orientation| H, Area | Areainthe | No.of Openings Area (sqm) Opague Area * Min required WFR is
(sqm) | opening (sgm) e (sam) 16.66% for warm humid
W1l 2.1 1.92 4 8.4 7.68 climate.
South  ™\wg | 1.4 1.26 1 1.44 1.26
m 3.15 2.97 2 6.3 5.94 *  Where the wind direction
East v 0.36 0.36 1 0.36 0.36 is quite constant the size
w2 2.95 207 1 2.25 2.07 of the openings should be
West W3 2.7 2.52 1 2.7 2.52 within 20% to 50% of the
Total 21.45 19.83 wall area and
Area of Envelope 85.3 perpendicular to the
WWR = Non opaque area / Envelope Area 23.3% direction of wind.
Table : 5.2 WWR of 1 BHK
2 BHK -TYPE 1: Southwest
Plan o — WFR
Al w3 * Opening | Width | Height | Area Openable [Opening Area
........ \ Name (m) (m) (sqm) | Area (sam) %
i B O kichen #- | Wix4 | 1 21 [192x4| 768
L 6.5mx7.5m e w2 | 15 | 15 | 207 2.07
w3 Bedroom et 90%
i 4mx 3.5m W3x2 1.8 1.5 2.52x2 4.5
Toilet| Openable
— \ " waxa | 12 | 12 [126x3| 378
Toilet Vx2 0.6 0.6 0.36x2 0.72
Master Bedroom  f¥y'| D1 "y I D1x2 | 15 21 [297x2| 594
S5mx4m
Balcony / Sky garden Total Openable Area 24.33
L 6.4mx 2.5m
e Total Carpet Area 101.6
faeony WEFR = Openable area / Carpet area 24.82%
Fig 5.21 2BHK plan Table : 5.3 WFR of 2 BHK
15t Floo 12" Floor
Living & Dinin, i ini :
g g Kitchen Living & Dining Kitchen
Bedroom Bedroom
Master Master
Bedroom Bedroom
Balcony / Balcony /
Sky garden Sky garden
ZI Balcony 2.5{ Balcony
T T I T 1 Ehornomnenes 0 |

Wlocry 000 oo? 044 0a1 036 033

Tapeem 2000 n8s B0 35 253 %M

041 048 035 062 069 076 s

ne an nm Hé4 e un

-

Fig 5.22 CFD analysis for 2BHK plan

The indoor air velocity ranges between 0.35m/s to 0.48m/s and the indoor air

temperature is maintained between 27 — 28.7 degc.



1St LEVEL PODIUM :

TOWER 1 ' An Eco Deck /
Podium in the 15t floor
level as a connecting
bridge between the 2
towers with Open and
Semi covered
walkways, Trellis
seating spaces with
vertical gardening

surrounded with

vegetation. This
serves as a common gathering space increasing the social sustainability. Atriums allow

daylight to the parking at the below levels and keeps it naturally ventilated.

Fig 5.23 Podium views

View of the eco deck with semi covered walkways and seating spaces surrounded
with shrubs creates a better ambience. The space can be used at any part of the day as it

remains shaded throughout.



2" LEVEL PLAN :

LEGEND

TOWER1&2

Floors—13

Category — 1 BHK & 2BHK
No of 1 BHK Units — 52nos
No of 2 BHK units — 104nos

2 BHK unit (Type 1)
—101 sgm

1 BHK unit — 69 sqgm

Elevator & Staircase

Electrical Duct &
Fire Extinguisher

Garbage Chute
Duct

Corridor space (15%
of total area)

Key Plan

Garden space (10% of
floor area)

4

Refuge area (4% of the
total area) at 5t & 10t

4 _I floor
7 K% Concrete planter boxes
_

-2

L
amui

&
r

ik

W

L W W W |

| “‘al‘l

- \
- A “a
I b ¢
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Fig 5.24 Tower views

The Eco deck/ podium at the 15t floor level connecting the two towers serves as a common
community gathering space. The distance between the towers is 18m. Suspended
bridge at the top floor also serves as a green walkway. The west fagade is designed with

cool walls, large balconies and planters to mitigate the heat.



HIERARCHY OF GREEN SPACES :

Community Garden
space
10% of the total floor

space per unit

r
At~ 74 ~ g ~ Ry 7 ‘% A !
- - SR N ) ] 4 4 1BHK-10%
: ' 2 BHK - 20%

Family Garden space
13% of the unit area

. Individual Garden space
7% of the unit area

Concept of Biophilic design
at different levels

Fig 5.25 Biophilic design at different levels

PLANTER BOX DETAIL :

Duct

Parapet

A
\

x
\q Concrete
planter box

I
Drain Pipe |
(38mm dia)',

These  plants  require
sunlight for about 8 hours
in a day. Hence suitable
for balconies planters.

Croton Mammy

Plant Description

*  Plants suitable for warm humid
climate.

*  Less maintenance required.

*  Requires less soil depth.

*  Less water consumption.

Facade view of balconies with vertical fins and large sky gardens with planters. The double
height green spaces at every alternate floor serves as a common gathering space. The pergolas
at roof level also serves as sit out space for the residents at top floors. The concept of biophilic

design at various levels increasing social sustainability.



Fig 5.26 South Facade views

3 BHK - South west
Plan  ——
™ b wa i itchen
w3 | >< w3 rorer {B.Sm X2.5m
T : o o Kitchen w4 T;
w1 Living & Dining 2.5m /
Balcony | 7.2mx8m x4.5m
2mx3m 'D1  Bedroom ,\h Living & Dining
—Tw1 Smx4am e ™ 6.5m X 7.5m
Toilet h
15m 2 Master Bedroom Berroom w2
Toilet e — Bedroom w2 i Smx 4m 3.5mx 45me_}
1.5m x2m D1 wi ) o
| Master Bedroom 3.5mx4m Wi DlAw
w3 Smx4m Balcony / Sky garden ?I
i aicony taleany / Skv garden Lo bt
:m w1 D1 6mx 2.5m g ey Balcogr‘,;l/xsik}fssg:rden
Balcony
7.5m x 2m Toilet #|
1.5mx2m
Fig 5.27 3 & 2 BHK Floor Plans
WFR
Openin Area Openable Area
P & | width {m) | Height (m) P Opening Area %
Name {sgm) (sam)
W1lxo 1 2.1 1.92x6 11.52
w2 1.5 1.5 2.07 2.07
W3x3 1.8 1.5 2.52x3 7.56 90% Openable
W4 x 2 1.2 1.2 1.26x2 2.52
Vx3 0.6 0.6 0.36x3 1.08
Dix3 1.5 2.1 2.97x3 8.01
Total Openable Area 30.76
Total Carpet Area 128.6
WFR = Openable area / Carpet area 24.91%

Table : 5.4 WFR of 3 BHK



WWR

irentation Opening | Opening [Non Dpaqye Areain Mo. of Openings Total Opening Area | Total Non Opague
MName [Area (sgm)| the opening (sgm) (sgm) Area (sgm)
North W3 2.7 2.52 1 2.7 2,52
W1 241 1.92 4 2.4 7.68
South W3 2.7 2.52 1 2.7 2.52
D1 3.15 2.97 2 6.3 5.94
v 0.36 0.36 1 0.36 0.36
East W4 1.44 1.26 2 2.88 2,52
W1 2.1 1.92 2 4.2 3.84
W3 2.7 2.52 1 2.7 2,52
West 1 0.36 0.36 2 0.72 072
D1 3.13 2.97 1 3.15 2.97
Total 34.11 31.59
Area of Envelope 136.4
WWR = Non opague area / Envelope Area 23.15%

Table : 5.5 WWR of 3 BHK

15 Floor

Air velocity = 0.28 - 0.41m/s
Air temp = 27.24 — 28.29degc.

S — 18 Air velocity =0.35-0.55m/s
E=29 Air temp = 28.29 — 29.64degc.
W-18

Tepeom am ue an ELEY) un 1 B nw oM AxN l a8 N 0 b

Fig 5.28 CFD analysis for Cross Ventilation
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Fig 5.29 CFD analysis for Daylight

Solar panels Solar water heater to

harnessing light energy

Passive Strategies

reduce energy consumption*"™"

Bio solar roof to lower the
ambient temperature and
to produce energy

----------- > Vertical shading fin
to cut down heat
from the west.

5 NP N

-------- + Balcony planters as
individual green
spaces
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Fig 5.30 Section with sustainable practices




6.1 BIOSOLAR ROOF :

CHAPTER 6

ENVELOPE AREA ANALYSIS

CRITERIA

Load-bearing
component

Plant cholce

Thickness of

growing medium
Weight of complete

system (kg/m?)

Extensive Seml-extensive I Intensive green roofs
green roofs | green roofs j (roof garden)
AP N Y A
I Maximum pitch 5%
Y Py smalll
mosses, p : | b l Shrubs, trees, lawns
4t015em ' 12t0 30 cm I 30 and over om
7510 180 l 200 to 500 | 500 to 2000

Vegetation Layers of Roofing
Growth substrate S\r’f;t&?lﬂ
Filer fabric 1 —base coating;

i -
e “"“‘m 2 —watgrprooﬁng layer,
Roat barrice 3 —grating;

Insulatson layer 4 —water flow;
Water proofing membrane 5 = dfaiﬂwe 'ayer‘

Roof deck
6 —growing medium;
7 —Ilow-growing plants;
8 —standard pot;

9 —fastener,

1 "ff\ : 10 —rim;
' 11 —interlocking apparatus;
12 —hose;

13 —delivery tubes;

14 — perforated cup;

15 —drip watering tube;
16 —solar panel;

17 —sprinkler.

Fig 6.1 Biosolar roof details

THERMAL TRANSMITTANCE OF GREEN ROOF

. . Thermal Thermal
Material Layer | Thickness t (m) Conductivity | Resistance
Soil 0.1 1.16 0.09
Gravel 0.15 0.7 0.21
Permeable
Geotextile 0.02 0.1 0.20
Drainage layer 0.02 0.27 0.07
Insulation 0.3 0.04 7.50
Anti root layer 0.01 0.7 0.01
Waterproofing 0.01 0.17 0.06
RCC slab 0.15 1.58 0.09
InternalPlaster [ 002 | o072 | __ 002 __
Sum of all material 5.44 8.26

Table : 6.1 U value of green roof

RT=Rsi+Rse+R1+R2+R3 +....
=0.17 + 0.04 + 8.26 = 8.473 m.KIW

Thermal Transmittance of Roof,

Uroof = 1/ RT = 0.12 W/m.K

This is less than the maximum Uroof
value of 1.2 W/m.K as per ECBC.

Hence it does complies with the
requirement.



6.2 GLAZING ANALYSIS :

The SHGC coefficient on all orientations is lesser than the Solar Factor of the

double

glazing from Saint-Gobain. The achieved visible light transmittance is 69%.

Reference — Saint-Gobain

CALCULATION OF EQUIVALENT SHGC OF NON OPAQUE OPENINGS FOR EACH ORIENTATION

SAINT-GOBAIN

Product Visual Comfort

ECBC reference for ESF Overhang

‘Thermal Comfort Thermal Comfort

- b ety N Wer
e, e -

e
~ - . H Vv
. of
arisfitation Opening | Width of | Heightof | No. of Glass Area e T Pf E§F ] SHGC
Name | glass(m) | glass (m) | Openings | (sam) g
(m) (m) ™
North W1 0.85 1.95 156 258.5 1.5 3.0 0.50 0.755 1 0.21
North w2 1.35 1.35 26 47.4 1.0 2.4 0.42 0782 |1 022
North W3 1.65 1.35 13 28.9 1.0 2.4 0.42 0.782 1 0.22
North w4 1.06 1.06 39 43.8 0.6 2.1 0.29 0.864 I 024 singgRaete for O £
North D1 1.35 1.95 78 205.3 1.5 3.0 0.50 0.755 I 021 e
|
South w1 0.85 1.95 156 258.5 2.0 3.0 0.50 0681 [l o019
South w2 1.35 1.35 26 474 1.0 2.4 0.42 0720 [l o0.20
South W3 1.65 1.35 13 28.9 1.0 2.4 0.42 0.720 | 020
South w4 1.06 1.06 39 43.8 0.6 2.1 0.29 0.834 | 023
South D1 1.35 1.95 78 205.3 2.0 3.0 0.50 0.681 |01
1
East W2 1.35 1.35 39 71.1 1.0 2.4 0.42 0.721 | 0.20
East W3 1.65 1.35 65 144.8 1.0 2.4 0.42 0.721 020
East w4 1.06 1.06 39 43.2 0.6 2.1 0.29 0.834 [y 023
1
West W2 1.35 1.35 39 711 1.0 2.4 0.42 0782 [, 022 Untactors0 25
West W3 1.65 1.35 65 144.8 1.0 2.4 0.42 0.782 022
West w4 1.06 1.06 39 432 0.6 21 | 029 | oses [, o024 i
- = = naat trarmtted
Table : 6.2 U value of Glazing -
VTe0 68
o of et
Spacvatly | o Hghe tramenitiod
v
coating

1 Ausanlarasin | aw.E

SHGC unshaded = 0.27%
VLT = 69%

Therefore,

SHGC eg < SHGC unshaded

Double glazing with Low solar heat gain and higher visible daylight transmittance is

used to reduce the indoor air temperature and to increase the daylight to the indoor space.

6.3 WALL MATERIAL ANALYSIS :

MATERIAL LAYERS THICKNESS TIME LAG (HRS) MATERIAL LAYERS THICKNESS TIME LAG (HRS)
Cement Plastering 25mm 0.26 hrs Cement Plastering 25mm 0.26 hrs,
Bumnt Brick 230mm 45hrs Flvash Bricks 230mm 8.1hrs
Cement Plastering Samm 026hrs, Cement Plastering 25mm 0.26 hrs
Time lag 4.52hes Time lag 8.62 hrs
Thickness of wall 280 mm
Thickness of wall 280 mm
=1 = —1 — —_— = 1 = —_— —
I : |
MATERIAL LAYERS THICKNESS TIME LAG (HRS) RATIO
I Cement Plastering 25mm 0.26 hrs I MATERIAL LAYERS THICKNESS TIME LAG (HRS)
I AAC Blocks 200mm 7 hrs, l Cement Plastering 25mm 0.26 hrs
Cement Plastering 25mm 0.26 hrs, Insulated Brick 50mm 5 hrs
I Time lag 7.52 hrs I
Cement Plastering 25mm 0.26 hrs,
Thickness of wall 250 mm
RATIO Thickness of wall 100 mm

MATERIAL LAYERS THICKNESS TIME LAG (HRS)
Cement Plastering 25mm 0.26 hrs,
Concrete Blocks 200mm 5.3 hrs,
Cement Plastering 25mm 0.26 hrs,
Time lag 5.82hrs
Thickness of wall 250 mm

Table

: 6.3 Thermal Lag of Wall Materials



WALL MATERIALS

Flyash bricks with larger

thermal lag is not suitable

TimelLag =@==Thickness

Fig 6.2 Thermal lag of wall materials

300 i I 10
- 9 for load bearing walls in
8
| E high rise construction
200 I I
- : due to its strength. Hence
[ I 4 AAC Blocks are
100 I I 3
2 preferred.
50
I I 1
0 0
BB I _Aac I CB FB 1BV

AAC Blocks with cement plastering for the walls facing North, South and East

facades.

Its K value is 0.184 and its U value is 0.67w/m2k.

It reduces dead load since

light weight, high in strength and less thermal conductivity. Highest time lag of 7.52

hrs is noted and hence the transfer of heat to the indoor space is reduced.

COOL WALLS:

ATIO ITERATION 2
MATERIAL LAYERS THICKNESS TIME LAG (HRS) MATERIAL LAYERS THICKNESS TIME LAG (HRS) MATERIAL LAYERS THICKNESS TIME LAG (HRS)
Double Brick 250mm 8hrs Brick Veneer 100mm 5 hrs Concrete Block 200mm 5.3 hrs,
Adhesive 10mm 0.15 hrs Foam Insulation 25mm 1hr Air Cavity 25mm 1hr
Polystyrene 10mm 1.1hrs Exterior Board 25mm 1hr Polystyrene 10mm 1.1 hrs
Interior Finish 10mm 0.15 hrs Steel Frame 75mm 0.38 hrs Interior Finish 10mm 0.15 hrs
(emen.t 25mm 0.26 Interior Board 25mm 1hr Time lag 7.55 hrs
Planstering
Time lag 8.88 hrs Thickness of wall 245 mm
Time lag 9.4 hrs
Thickness of wall 250 mm
Thickness of wall 310 mm

= — m— E== g — =) Bt — -_—
I ATION 4 I m WALL MATERIALS
I MATERIAL LAYERS THICKNESS TIME LAG (HRS) I I 350 s—— I 12
SACHncE 200mm 7hs 0 \_/:/ L
1. Exterior
% s 250
I Air Cavity 25mm 1hr I Finish | ' 8
. 200
I XPS Board 50mm 1.5hrs I 2. Adhesive | | s
3. XPSBoard 130
Adhesive 10mm 0.15 a Al Cavik I | a
5 ir Cavity 100
I Interior Finish 10mm 0.15 hrs I 5. AAC Block 50 | | 2
Time lag 9.80 hrs I 6. Interior o I o
I - Finish DB BV cB I ac
o G il S i e | |
Timelag === Thickness -—

Table : 6.4 Thermal Lag of Cool Wall Materials

AAC blocks with enhanced thermal insulation, are incorporated with walls facing west
direction to cut down heat radiation, improving the thermal comfort within the units. With

the larger time lag of 9.80 hrs the heat transfer is reduced.



Calculation for Opaque Area Calculation for Envelope Area

(c) ——
Orientation Area Component R (I Orientation | axbxc Orientation | Component i (b) _SHGC (IR axbxc
(sam) | w/m.K Eactor (sam) Equivalent Factor
wall ACBlock |1179.1| 078 0.659 606.08 North Wi 258.5 0.21 L) 35.7
North North w2 47.4 0.22 0.659 6.872
Frame UPVC 2749 0.16 0.659 28.98 North W3 28.9 0.22 0.659 4.189
North w4 43.8 0.24 0.659 6.927
wall AACBlock [1179.1| 0.78 0.966 838.42
South
Frame upvC 2749 0.16 0.966 425 Soutf Wi 2085 021 0906 2o A
South W2 47.4 0.22 0.966 10.07
wall AACBlock | 12829| 0.78 1.155 1155.7 South w3 285 0.22 0.966 6.141
East South w4 43.8 0.24 0.966 10.15
Frame UPVC 170.5 0.16 1.155 315
AACBlock |12829| 0.78 1.156 1156.7 ast w2 L1 0.20 1153 1042
: : : ' East W3 144.8 0.20 1.155 26.5
wall Aircavity | 12829 0.5 1.156 2225 East W4 43.2 0.23 1.155 11.47
West
XPSBoard |12825| 0.034 1.156 50.42 West w2 71.1 0.20 1.156 16.43
West w3 144.8 0.20 1.156 33.5
Frame UPVC 170.5 0.16 1.156 315 West wa 232 0.23 Li56 1149
Total 42143 Total 248.29
- 4 a) Area b) Uvalue | (c) Orientation
Orentation | component | (1708 | (7 180 | [TCTERRHON | axbc ECBC REFERENCE FOR ORIENTATION FACTOR
Non opaque glass TABLE9 Orlentation factor (w) for different orientations R i i
North area 916.5 2.5 0.659 1509.9 | ovstinicor |
Orientation
South Non opaque glass | o, 5 25 0.966 22133 Morth (3375°-225°) e 0859
area North east (226°- 6757 0829 I 0906 I
Non opaque glass ast (676°-112.5) 1155 1155
East area 568.3 25 1.155 1640.3 South-east (1126™-1515") 1 | 1125 |
South (15762025 1089 ase6 |
West Non opaque glass 568.3 2.5 1.156 1642.3 South-west Q026" M75°) 1202 | 1M
area West (M767-29. 143 1 1156 I
Total 7006.4 North-west (2026°-33757) 082 e o o 09s ]

Table : 6.5 U value of Envelope Area

RETV =1/10,980.2 x (( 5.15x4214.3) + (1.31 x 7006.4) + (65.21 x 248.29))
RETV =3.17 W/m
This is less than max RETV of 15W/m. Hence it complies with the ECBC requirement.

U value of 3.17 W/m is achieved at the envelope area with AAC block walls and UPVC

window frames with Double glazing with Low E value.
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Fig 6.3 Site Plan with sustainable practices
Monthly production of Solar Power — 385 panels Monthly Energy consumption for Lights
Tower 1&2 SOLAR POWER (kw) 1BHK & 2 BHK
Tan 10933 Fixture Nos Hours | Watts/ hr | watts/day | watts/ month
Feb 11,150 LED Tube lights 1 6 36 216 6480
March 13,286 LED Bulbs 2 3 10 60 1800
Total 8280 8.28kw
line 13300 78 units 645840 645.84kw
Jul 11,987
Aug 11,012 CORRIDOR
Sey 1637 Fixture Nos Hours | Watts/ hr |watts/day | watts/ month
Oct
F LT T T T PP YT PPy PTTY T PP PYTTCy IvPT TOCL RN, CLLCRREE EELLREER LR RELE A LED lights 6 6 40 1440 43200
‘-6;;-------------------------------.-------------5'-2-3-6------------------------------------‘ LE[)]ights 5 11 40 2200 66000
0 2000 4000 6000 800 10000 12000 14000 16000 Total 105200 10.92kw
13 Floors 1419600 1419.6kw
Monthly Energy consumption for Fans
PARKING
1 BHK -
Fixture Nos Hours Watts/ hr | watts/day watts/ month Fixture Nos Hours Watts/hr. | watts/day | watts/ month
Fans 1 24 20 1920 57600 LED Tube lights 24 6 40 5760 172800
Total 57600 57.6kw LED Tube lights 24 1 40 10560 316800
26 units 1497600 1497.6kw Total 489600 489.6kw
Basement +5tilt 979200 979.2kw
2 BHK
" Total consumption per tower 3044640 3044.6kw
Fixture Nos Hours Watts/ hr | watts/day watts/ month
Fans 1 24 80 1520 51600 Total Energy consumed = 7537440watts = 7,537.4kw
Total 57600 57.6kw
52 units 2995200 2995.2kw
Total p per tower 4492800 4492.8kw

Table : 7.1 Sola

r Power calculations



Annual Solar Power Production

ANNUAL SOLAR PANEL CALCULATIONS

Electricity produced by a single solar panel(wh
per day)

180

Actual performance of solar panel based on

climatic conditions is 75% 0.75

No. of rainy days in a year 87
Average hours of sunlight in a year 2552
Total electricity produced annually 344520

Dimension of single solar panel ( standards for
residential purpose)

1.6mx 0.9m |[1.44 sq.m

NO. of solar panels to be installed 1571 panels

Total generation of electricity in the site 600996012 |W

|
| through solar panels -Electricity produced by a
|

installed

single solar panel * NO. of solar panels to be 6,00,996 kW

Table : 7.2 Annual Solar Power

7.2 SOLAR WATER HEATER :

Total Solar Power generated on site
annually = 6,00,996 kw

The excess solar power will be used for
lighting the club house and admin spaces
and the walkways will have outdoor solar

lights installed.

Per person requires 10 — 20 litres hot water per bath at 60degc

Tower 1 & 2

1 bhk units — 26 nos = 780 LPD
2 bhk units — 52 nos = 2080 LPD
Total requirement = 2860 LPD
Tower 3

2 bhk units — 26 nos = 1040 LPD

3 bhk units — 52 nos = 3120 LPD

Total requirement = 4160 LPD
Tower 4
3 bhk units — 52 nos = 3120 LPD

Total requirement = 3120 LPD

Required |Required water heater| No of units
Tower S :
LPD capacity (litres) required
2860 500 b
2860 500 ]
3 4160 It :
250 1
4 3120 200 °
250 1

Table : 7.3 Solar Water Heater

Required hot water for the residential units is got from the solar water heaters installed

at the roof top of each towers thereby reducing the energy consumption of geysers.

7.3 STORM WATER RUN OFF :

Rain water harvesting from roof = Area of roof x coefficient x annual rainfall (in mm)

Area of the roof = 3220.5 sqm



Coefficient of runoff =0.3

Annual Rainfall of Chennai =1400 mm
Rain water harvesting from roof = 13,562,610 litres annually.

For the month of November (highest rainfall) = 3,85,493.8 litres

The remaining site area is covered with porous &

permeable paving material to recharge the

ground water.

LEGEND

Pavement Draining Area
—8969sgm
Rooftop Draining Area
—3220.5sgm

Porous & Permeable Paving

material

Layers of Permeable Pavers

SAND IN CURs/LoGE
RESTRAINTS

i

Fig 7.1 Rain water Draining area Demarcation Plan

PAVEMENT AREA STORM WATER RUN-OFF
Qt= | C*It*A
Qt: runoff rate for a T-year storm, in liters/second

Total roof top draining area = 3220.5 sqm

C: runoff coefficient, nondimensional
IT: rainfall intensity for a T-year storm at a storm duration t, in
liters/(second*hectare)
A: area of the catchment area, in hectares

Total pavement draining area = 8969sgm

Total bioswale area = 782 sqm

C 0.4 ( With the ref. to the table )
0, It 1,400 in mm(annual rainfall)
4% OF TOTAL DRAINING AREA S e e
Qt = 498.4 (498400 litres annually)

For the month of November)

- % . [}
1 For the month of November (highest rainfall 380mm) :

| = 1,35,200 litres

Total collected litres from roof top = 3,85,493.8 litres

Total collected litres from pavements = 1,35,200 litres

Total collected water = 5,20,693.8 litres

TANK CAPACITY - 9m dia x 4.5m depth x 1000litres = 5,45,000 litres




Bio swale Detail

612" TYP

LEGEND COMPACTED NATIVE SUBGRADE

Bio Swale — 782sgqm

Rain water
Harvesting Pit

> (9m dia x 4.5m
depth)

== == == Storm water Flow lines

Fig 7.2 Bio swales and Rain water Flow lines

7.4 WASTE MANAGEMENT :

Organic Waste Converter (OWC)

L R MODEL GEV150
Composition of household waste Household Waste Generation
1 BHK (. ot
(S
No. of Persons 3
Waste generated per day 0.89 kg
Total no of units 52nos
Total waste generated 46.28kgs
2 BHK
No. of Persons 4
Waste generated per day 1.19kg
Total no of units 130nos
Total waste generated 154.7kgs H
: CAPACITY: 150 kgs per day =D|MENSION: L76xW36xHS5f
3 BHK 1
PERSONS WASTE PRODUCED/ DAY (kg) No. of Persons 6 OPERATION: FULLY CONTROL SYSTEM: PLC
AUTOMATIC
" _— Waste generated per day 1.78 kg
Total no of units 104nos HEATING METHOD: GEAR BOX (ROSSI): Planetary Type
3 0.89 Total waste generated 185.12kgs Flexible Thermo Jocket - Torque 1500Nm (ITALY)
4 113 POWER RATING: 3ph, BODY MAKE: SS 304 GRADE
6 178 5.6w

DECOMPOSING METHOD:  POWER CONSUMPTION: 0.88kw/h

Source : Evaluation of Household Food Waste Aerobic composting

Generation and Policy Implications towards SDGs

Table : 7.4 Waste Management



OWC from Greenviron India, it processes the waste within 15mins and converts into
nutrient rich compost within 24hrs.

The obtained manures can be used for the plants and for organic farming in the site.

7.5 GREY WATER MANAGEMENT :

2 BHK — 4 PERSONS 3 BHK — 6 PERSONS
. EQUIPMENTS SPECIFICATIONS GALLONS I LITRES EQUIPMENTS SPECIFICATIONS GALLONS I LITRES
Waste Water Calculation Per flush 16 | 6 Per flush 16 | 6
1 BHK — 3 PERSONS Avg no of flushes per 5 Avg no of flushes per s
person person
EQUIPMENTS SPECIFICATIONS GALLONS I LITRES wc Avg o of flushes for 4 wc Avg o of flushes for 6
Per flush 1.6 I 6 persons 20 persons 30
Avg no of flushes per s Total 317 | 120 Total 475 | 180
person
we Avg no of flushes for 3 Flow per min 13 | 5 Flow per min 13 | 5
15 Shower Avg time per person 10 mins Shower Avg time per person 10 mins
peran® 4 persons (40 mins) 52.8 200 6 persons (60 mins) 79.3 r 300
Total 237 | 9% - - £ -
Flow per min 1 l 3.7 Flow per min 1 | 3.7
Flow per min 1.3 | 5 ¢ A f
Shower Avg time per person 10 mins Wash Easin [AVE o o Lises e person 5 e Vg NO of uses per person 5
3 persons (30 mins) 39.6 150 Avg no of uses for 4 20 Avg no of uses for 6 -
persons persons
Avg i 1 mi 5
Flow per min 7 | 27 Avg time (1 min) 20 | 757 vg time (1 min) 30 | 1135
Avg no of uses per person 5 Dish washing 20 | 75 Dish washing 20 I 75
Wash Basin Kitchen Sink Avg no of uses 1 Kitchen Sink Avg no of uses 1
Avg no of uses for 3 1 Total 20 | 75 Total 20 | 75
persons
Ave time (1 min) 15 | 567 Washing Washing
Madiina Per wash 15.9 60 Maching Per wash 15.9 60
Dish washing 20 I 75 Total waste water produced per day 140 530.5 Total waste water produced per day 192 728.5
Kitchen Sink Avg no of uses 1 e o 1
1
Total 20 [ s Wa:te w'ater colle'cted (per day) ) | Total Black water (per day) = 10,302 ;
_ 1 pwkwun!ts (52 unlt.s) = 5928 gallons ( 22,439.9 I|tre.s) : gallons (39,000 litres) =
335:}"8 Per wash 150 60 2 bhk units (130 units) = 18,200 gallons ( 68,894.4 litres) I 1
lachine i f o) = : 1 1
3 bhk units (104 units) = 19,968 gallons ( 75,587 litres) : Total Grey water (per day) = 33,793 :
Totekwaste watereotuosd peq day 2 T Total Waste water (per day) = 44,096 gallons (1, 66,921.5 litres) ! gallons (1,27,921.5litres) !

Table : 7.5 Grey water Management

% OF WASTE WATER PRODUCED

mwWC

® Shower
WWash basin

W Kitchen sink

W Washing machine

74% is grey
water can be
treated and
reused. 26% is
the black water.

» Waste
water
flow lines
to the
treatment
plant and
septic
tank.

LEGEND

Black Water Grey water Tank
Line (6m x 5m x 5m)

mmmn Grey Water STP
Line lj (60sgm)

. Toilet Dract - Treated water

Black water / Tank
Septic Tank (7mx7mx5m)

(13m x 13m x 7m)

Service
Entry

Fig 7.3 Grey water Demarcation Plan



7.6 ENERGY ANALYSIS :

Energy, Carbon and Cost Summary
Annual Electric End Use

ost $20,963
1.7% st $285,518
6.9% —— 199%  Annual CO, Emissions
‘ Electric 0.0 Mg
nsite Fuel 10.8 Mg

_arge SUV Equivalent 1.1 SUVs / Year

Total Energy
Units
65.5% e Run Total

[ Area Lights 60k

B Misc Equip

s 'S-pacescsos‘i'“g 199% B Space Cooling
ans @ Heat Rej -
Misc Equip 69% [ Vent Fans
W Lghts 7.7%

W Pumps Aux 40k

W Space Heat

W Hot Water
30k
Annual Energy
2136 MU/ m? / year
iric 241,882 kWh o
217,059 W)
- ) g 10k i
L inn l l l EnR l I
£ 7,256 448 kW ° l_
.

el 6511779 M)
Fig 7.4 Energy Analysis
Approx 5m x 4m room space requires 1.5 ton Split AC for sufficient cooling
1 unit of 1.5 ton Split AC consumes = 1.7 kwh
1 bhk units = 52 nos x 1 fixture = 52 fixtures
2 bhk units = 130 nos x 1 fixture = 130 fixtures
3 bhk units = 104 nos x 2 fixtures = 208 fixtures
Total = 390 fixtures
Energy consumed for 8 hours/ day = 5304 Kw/ day
Considering the summer months for air conditioning
Total energy consumed = 9,564,720 Kw annually

Total energy saved annually by using passive strategies for natural ventilation and by

reducing the usage of air conditioning = 9,54,720 Kw



7.7 LIFE CYCLE COST ANALYSIS :

ENERGY COST ANALYSIS @ Rs. 5.5/ Kw
Cost analysis for a 3bhk unit in the apartment for a period of 30 years. CRITERIA SEECIHCATIONS BASECASE EROPOSEDCASE
Water heating for domestic Seyser - 15 litres e e
INITIAL COST ANALYSIS e (3 nos/house) {6 nos/ tower)
g Geyser — 1nos/ house
CRITERIA SPECIFICATIONS BASE CASE PROPOSED CASE
Energy consumed & Cost Per
Wall Mate B AAC B ear 1460 Kw/yr 485 Kw/vr
HEATING COST . Rs. 8,030 Rs. 2,676
Total cost including (2000wh/ unit)
CONSTRUCTION i
mBetial coct Rs. 27,40,000 Rs. 24,66,000 Rotal enerey consumed . 43,800 K 14,600 Kw
st Gostoeheating foca;peniof Rs. 2,40,900 Rs. 80,300
period of 30 years
- Solar Wate 3t Air condi ing ans —5 nos
Vater heating f Geyser - 15 lit
P or e nns/nuu;:S {6 nos/ tower) Cooling Technigue Split AC unit 1.5 ton (3 nos in electricity & 2 nos in
et Geyser — 1nos/ house (2 nos/ house) solar power/ house)
HEATING - .
Buying + Installation Cost Rs. 12,000 Rs. 12,000 + Rs. 4000 Energy consumed & Cost Per (1700 wh/ unit) (80wh/ unit)
SPACE COOLING Year 9928 Kw/yr. 1051Kw/yr.
Total cost Rs. 36,000 Rs. 16,000 Rs.54,604 Rs. 5,780
G reerdiies = ;‘;?";"s;':"u cfor:;'::;:i 2,97,840 Kw 31,530 Kw
ling Te que Split ACunit 1.5ton  |Electricity & Solar Power!| period of 30 years Rz, 16:35.120 Becl73:413
(2 nos{ house} (5 nos/ house)
SPACE COOLING —
ergy Consumptior Solar Powe!
i Installation Cost Rs. 40,000 Rs. 1500
Buying + Installztion Co A ® No of Lizhte in electrar 5 Tube lights (20w) 3 LED Tube lights (30w)
- p— Ts. 50,000 e 7500 - 4 5 CFL Bulbs (25w) 3 LED Bulbs (10v)
5 - . 2 LED Tube lights (30w)
f P
No of Lights in Solar Power Nil 2 LED Bulbs (10w)
E sumpti Electricity Electricity & Solar Powe!
LCHEAG Energy consumed & Cost Per 602 Kw 260 Kw
Year Rs. 3312 Rs. 1485
No of Light 5 Tube lights (40w) 5 LED Tube lights (30w)
RGHIR Okt 5 CFL Bulbs (25w) 5 LED Bulbs (10w) T‘“:' i ‘“;‘s"m"d_&d 18,060 Kw 7800 Kw
- cost for lighting for a perio Rs. 99,360 Rs. 42,900
Buying cost Rs. 1400 Rs. 2750 of 30 years
Total cost Rs. 1400 Rs. 2750 TOTAL COST/ YEAR Rs. 65,946 Rs. 9,941
TOTAL COST Rs. 28,57,400 Rs. 24,92,250 TOTAL COST for 30 YRS Rs. 19,78,380 Rs. 2,96,615
Total Cost savings = Rs. 3,65,150 Total Cost savings = Rs. 16,81,765
Table : 7.6 Construction & Energy cost
MAINTENANACE COST ANALYSIS
CRITERIA SPECIFICATIONS BASE CASE PROPOSED CASE
s 252sqm @ Rs. 65/ sqm 252sgm @ Rs.65/sqm
LCCA CONSTRUCTION COST Sastforpalnting (L tme) R5.16,272 Rs 16,272
3500000 [lotaticost fos pairiting (every 3 years) Rs. 81,360 Rs. 81,360
in a period of 30 years
3000000 28.5L
24.9L Water heating for domestic use r - 15 litres (3 nos/house) olat ter (6 nos/ tower)
2500000 = =
19.7L Maintenance Frequency Every S years Every 5 years
2000000 ing coil -
HEATING COST Maintenance (labour charge) + Rep?acer:eg;gg?eatlmg = Geyser + solar water heater charges
1500000 Replacement Cost (RE2000/ coll) Rs. 13,000
Rs. 36,000
1000000 Total cost for r}eatjng maintenance Rs. 36,000 Rs. 13,000
4.1L for a period of 30 years
500000 29L -
- 1.1L e
0 - sl P
Initial Cost Energy Cost Maintenance Cost TN o Spl('; :g;n’:!ﬂii;un (5 nos/ house)
M Base Case Proposed Case Maintenence Freguency Every year Not required
Maintenance Cost i
& Rs. 1,20,000 Nil
% of cost saving for SPACE COOLING (Rs. 2000/ unit/ year)
Criteria e Replacement Frequency Every 10 years Every 15 years
proposed building -
Replacement + Installation Cost Rs. 160000 Rs. 7500
Initial Construction 12%  Total cost for space cooling 5. 2,860,000 . 7500
————e———— - I Imaintenence for a period of 30 years|
| Energy Consumption 85% : _
. . 5 Tube lights (40w) 5 LED Tube lights (30w)
Maintenance for 30 yrs 70% | NoGtLghts 5 CFL Bulbs (25w) 5 LED Bulbs (10w)
e e e e == LIGHTING Replacement Frequency Every 2 years Every 5 years
Replacement Cost Rs. 21000 Rs. 16,500
Total cost for lighting for a period of Rs. 21,000 Rs. 16,500
30 years
TOTAL COST for 1 MAINTENANCE & REPLACEMENT Rs. 1,07,672 Rs. 29,522
TOTAL COST for 30 YRS Rs. 4,18,360 Rs. 1,18,360

Total Cost savings = Rs. 3,00,000

Table : 7.7 Maintenance cost

Major cost reduction in the proposed case is noted in energy consumption and

maintenance charges by the usage of solar power and natural ventilation.



7.8 IGBC CERTIFICATION :

Table : 7.8 IGBC Credit points

MATERIALS & RESOURCES CRITERIA POINTS - 18
MR Credit 1 Green Procurement Policy 1
IGBC GREEN HOMES VERSION 3.0 MR Credit 2 Optimisation on Structural Design -
SUSTAINABLE DESIGN CRITERIA POINTS 20 MR Cred?( 3 Certified Green P‘rcducts 5
MR Credit 4 Local Materials 2
3D Cedied Nawsral Topagraphy & Vegetation b MR Credit 5 Eco friendly wood based materials 2
50 Credit2 Heat tsand Effect, Hoof & Non roof c MR Credit 6 Alternative Construction Material -
SD Credit 3 Passive Architecture 2 MR Credit 7 Handling of Construction & Demolition Waste -
SD Credit4 Universal Design 2 MR Credit 8 Organic Waste treatment Post Occupancy 3
SD Credit 5 Green Parking Facility 1 ACHIEVED MR CREDIT POINTS 14
SD Credit 6 Access to Amenities 2
SD Credit 7 Basic Facilities for Construction Workforce #
SD Credit 8 Green Education & Awareness - Lol gwm HONG CRERIA POINTS=14
T T T = RHW Credit 1 Enhanced Daylighting 2
RHW Credit 2 Enhanced Ventilation Design 2
RHW Credit 3 Cross Ventilation 4
WATER ( N CRITERIA POINTS - 23 RHW Credit 4 Connectivity to Exteriors 2
WC Credit 1 Water Efficient Plumbing Fixtures 6 RHW Credit 5 Low VOC Materials, Paints & Adhesives 2
WC Credit 2 Landscape Design 3 RHW Credit 6 Facility for Physical Wellbeing 2
'WC Credit 3 Management of Irrigation System (AN R N RO 13
'WC Credit 4 Recycle & Reuse of Waste water 4
WC Credit 5 Water Quality 1 INNOVATION & DESIGN CRITERIA POINTS - 5
WC Credit 6 Enhanced Rainwater Harvesting 4 ID Credit 1.1-1.2 Innovation 2
WC Credit 7 Water Metering 3 ID Credit 2.1-2.2 Exemplary Performance -
"ACHIEVED WC CREDIT POINTS 7 ID Credit 3 IGBC Accredited Professional -
ACHIEVED ID CREDIT POINTS 2
ENERGY EFFICIENCY CRITERIA POINTS - 20 ) : Certification Level Points | Recognition
EE Credit 1 Enhanced Energy Performance 10 TOtaI aCh |EVEd IGBC Credlts Certified 50— 59 | Best Practices
EE Credit 2 Alternate Water Heating system 3 = 82 poi nts
EE Credit 3 On-site Renewable Energy - Common area Lighting 4 ‘“"" 60 - 69 | Outstanding Performance
EE Credit 4 Energy efficiency in common area equipment 1 e R Gold 70-79 | National Excellence
£E Credits Integrated Energy Monitoring System - Certification Level e e i
ACHIEVED EE CREDIT POINTS 18 Platinum Platinum 80 - 100 | Global Leadership



