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THE S

The SI — the modern metric system — has seven base units from which all other measurement units can be derived. On May 20,

2019, four of them — the kilogram, kelvin, ampere and mole — were redefined in terms of constants of nature. The remaining
three — the second, meter, and candela — are already based on universal constants.

Click on the SI symbols below for more information.

Kilogram Candela
kg cd
Ampere
A

A measure of the random motion of atoms/molecules

* A symptom-as the outward appearance of the thermal state of a

body

« |f energy is conveyed to a body, the molecular movement within the
body increases and it appears to be warmer

7/21/2022
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Flow of heat from hot body to a cold body

Heat is thermal energy.

It is transferred between bodies of different temperature.
|t is expressed in units of Joules (J) or kilowatthours (kWh).
| Joule corresponds to 0.278 x 108 kWh.

[ kWh corresponds to 3.6 MJ (Mega Joules).

(Thermometer) (Thermometer)

AQ = cAT T,

¢ = heat capacity

Object #1 =l Object #2

o The energy content of a substance m C, [J/kg K]

Brick 800

depends on its:
. tEmpEraturE EUHCPEtE 84['

*  mass Limestone 10
»  specific heat Plaster 000

Light weight 1000
o The specific heat capacity ¢ of a concrete

substance denotes the amount of Mineral woal {000
needed heat to raise the temperature Wood 700
of a unit mass of a substance | K. The Water 48T
unit of specific heat is thus: Jkg™K" N -
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* First law of thermodynamics: Energy can neither be created nor be
destroyed

* Second law of thermodynamics: Heat cannot pass spontaneously
¢ Heat tends to distribute itself evenly
* Flow from high temperature to lower temperature bodies
* Directly proportional to temperature difference

odes or heat transter

* [onduction B
Radiation

Radiation

» [onvection

« Radiation
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The flow of heat through a material by direct
molecular contact

Conduction take place when a temperature
gradient exists in a solid (or stationary fluid)
medium

Energy is transferred from the more energetic
to the less energetic molecules when
neighbouring molecules collide

Reduces with increase in thickness and reduction
in thermal conductivity

Conduction through building envelope

The transfer of heat by the movement
or flow of molecules (liquid or gas)
with a change in their heat content

e [Convective heat transfer may take the
form of either in Buildings
e Forced convection
* Natural convection

Convection

10



Radiation

* Radiation is the transfer of heat by
electromagnetic waves through a gas
Or vacuum.

* |t requires a line of sight connection
between the surfaces involved

 Ablack body is defined as a body that
absorbs all radiation that falls on its
surface.

Heat Gain and Heat Loss

Heat tends to flow from higher
temperatures to lower temperature zones
by conduction, convection and radiation

The rate of heat flow by any of the three
forms is determined by the temperature
difference between the two zones or areas

considered. The greater the temperature
difference, the faster the rate of heat flow

7/21/2022



Convection

Definition: The transfer of heat by

Example: Warm air rises and transfers
heat to the ceiling

Conduction

The transfer of heat through a
solid material.

Heat is transterred from
wirmer sections of the walls
and ceilings to cooler sections,

Your Home Loses and Gains Heat in 3 Ways

The transfer of heat in the form
of electromagnetic waves,

Heat is transferred from the
roof to the ceiling

‘3;.2 - >

4 Comnvection causes warnm
! . air to rise and the heat is lost

@ Heat is conducted through
the ceiling to the attic air

A @ Heat is conducted from
F . the warm air to the celling

1) Cenvection causes warm air to rise

@ Sun radiates heat to the roof

@ Foof radiates heat to
the ceiling

@ Heat is conducted through the
ceiling and radiated infa the home

13

13

Window

Loss

Infiltration

"ighting tains
C

Casual gains
Ventilation

Canduction
through glas

Heat Transter
through Envelope

Raof Loss

14
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Mode of Heat Transfer Affected By ECBC’s role in regulating Heat
Transfer
Thermal Properties of
CONDUCTION = :
Materials & Effectiveness of U-factors/ R-values of roofs & walls
Insulation
CONVECTION Air movement at the surface Bullding Envelope Seallgg
Requirements
; * R-values of roofs & walls
RADIATION \ndpe;tand direct solar
radiation » Cool Roofs
1 i

Sensible Heat
* Heat that results in a temperature change is said to be "sensible” and sensed

by humans

Latent Heat

o latent Heat is the energy needed to change a substance to a higher state of
matter

* Notemperature change and thus no change in the kinetic energy of the
particles in the material

Change of state for water .
Vaporization
Mass of sample =1 Kg

-
[=]
o
(@]

ot Melting
¢’ /1 Latent Sensible atent
et . hear | Rest

Temperaturec

Latent heat Heat supplied to sample
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Change of State

Science: Change in the physical state of a
material (solid, liquid, or gas)
Qeltin,  qoiling
State change occurs at a constant temperature
but still entails the movement of energy
Peer®  Ogere®

Ex. Evaporation absorbs energy and
condensation releases energy

Latent heat of Latent et of It invalve the absarption or release of heat

sublimation vaporisation energy, called latent heat, without change in

temperature of the material
P —
«—> .
Latent heat Liquid

of fusion

Thermal Conductivity

Thermal conductivity of various materials

+ Thermal conductivity in W/m K e Hw-m k]
Brick 0.6

Concrete 1/

Granite 3.5

Gypsum 0.22
Iron 84

Light-weight 0.14
concrete

Mineral wool 0.04

Wood 0.14




Thermal Resistance. |

* The value of the thermal resistance is the
temperature difference across the material
required to produce one unit of heat flow per unit

area
o Lnit : m2-K/W
. . |
Air Space Resistance el T RER
| AT = temperature drop
Factors that affects air-surface resistance: ey a——

o Thickness of the airspace
* Fow of air in the air-space
* Lining of air-space (normal/reflected)

19

Thermal transmittance from thermal
Area=1m o resistance can be expressed as

o U=1/R where
o |l = thermal transmittance (W/m? K)
o R =thermal resistance (m? K/W)
Radiative o [verall thermal transmittance can

Solar Cooling Convec‘tive
AbsorMomg be expressedas =1/ (= R)
.
MANVVNINN

Q = U (T i)

Outside T, Inside T,

20
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' Roof compliance example

Type

U-factor U-factor
(WIm?-°K) (Blu/h-ft*-°F)

RCC slab with mud phuska and clay tiles 2.797 0.493

RCC slab with foam concrete or perlite 0.069 0.012

Inverted clay/pots with mud phuska 2.244 0.396

Taking case of RCC with mud-phusca

Default U=2.797, Target U=0.261 (e.q. call centre/IT/hotel building)
Rassemhly = Rr‘uuf +R insulation

(170.261) = (I/2.737) + R < jation
Rinsulﬂtinn = 347 Rinsulatiun = L/k

Keriie = 0.04W/mK, L= 0.14m

KPUF = I]I]B, I_ = [Hm

K, = 0.024, L = 0.08m, (caution!!! Insulation of air cavity does not increase
linearly for ever)

Wall

compliance example

Type

U-factor
Description (Btu/h-ft>-°F)

Mass single wall Single wall with no insulation, plaster on both sides 0.351
Mass double wall Double brick wall with air gap 0.216

Curtain wall Curtain wall 0.371

Double brick wall with air gap is not sufficient
Taking case of single brick wall

Default U=1.99, Target U=0.44)
Rasseml:ly = Rwall * Rinsulatiun
(1/0.44) = (1/199) + R, .
Rinsulatinn =177, Rinsulatiun =L/k
Ko, ooy = DIEW/m-K. L= 0.28m
Koy = 0.03, L = 0.05m

K= 0.024, L = 0.04m

7/21/2022
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' Surface Resistance

* ltis the resistance is offered by a thin layer of
air film separates the body from the surrounding
air.

The measure of this phenomenaon is the ‘surface
or film resistance’ expressed in units of
resistance and reciprocal of it being film-
conductance (f) with units W/m? oL,

| Surface Conductance

o |f the layer of air on both sides of wall is considered as per the concept of surface
conductance, heat transfer from air on one side to air on other side takes place.
Hence the overall ‘air-to-air resistance (R)' will be the sum of the body's resistance
and the surface resistance on both sides of wall: R = /fo + Rb + 1/fi

The value of surface or film conductance (f) is a
function of surface qualities such as smonthness and o
the velocity

’ |/fa is film resistance on outer
side of wall

. - 1/fi| s film resistance on inner
1’ H 5 side of wall

Rb is the resistance of wall or
body

unit m2 K/W.

12



Transient behavior of building

* Each particle of the wall
material absorbs certain
amount of heat depending
upon its mass and specific
heat jointly known as heat
capacity.

Diitside temperature
Ti max. ——— Room temp. with fow thermal mass
Decrement factor p= — " e i S T B e e
T max.

G600 BD0 10:00 12:00 14:00 16;1!} 18:00 RW 2200 0:00 200 400 600
Time

Transient heat flow estimaticn

Q=UA[MTm-T)+u( ¢ -Tm)]

q is momentary heat transfer rate in W

Ais areain m?

Uis U-value in W/m200
Tm is daily mean outdoor temperature
Tiis indoor temperature (assumed to be constant)

To is outdoor sol-air temperature ¢ hours earlier
than the time of investigation

w is decrement factor

@ is time lag in hours

7/21/2022
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Emissivity

Radiant energy from surroundings = E

. ‘., 0-03 E reflected g8
'v ~

Lampblack and Silver coated block

The ratio of the radiant energy emitted from a
surface at a given temperature to the energy
emitted by a black body at the same temperature
The lower the emissivity rating, the better the
insulation characteristic

TEMPERATURE RISE
IROOF TEMPERATURE = AIR TEMPERATURE]

50°c/90°F

40°cr72°FF

30°c/54°F

20°c/36°FF

10°c1 8°F|

0°c/o°F

—
|BLACK PAINT

L IRATED O%)
[

o)

GREEN ASPHALT SHINGLI
135%
RED CLAY TILE

WHITE ASPHALT SHINGLE

IR-REFL. BLACK
(XIR FILM, 28%)
L ]

SoLAR
REFLECTANCE
INDEX

LT. RED PAINT,
OWHITE CEMENT CODA’
(ON GRANULAR SURFACE, 7B%)
HITE PAINT
DIoxIDE, RATED 100%)
OgTICAL WHITE

(HEMATITE PIGMENT,

z
g
£

20%
SOLAR R

' .
40% 60% B80%
EFLECTIVITY (ALBEDO)

Transparent Components

SOLAR ENERGY REVIEW

28
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Solar Heat Gain Coefficient

Solar Heat Gain
*  Heat gain from the sun, entering a room
through transparent surfaces (kW/m?)

Solar Heat Gain Coefficient

+ The percentage of solar energy directly
transmitted or absorbed and re-radiated into a
building

+  Ratio of the sum of directly transmitted solar
radiation and the amount of absorbed radiation
entering the space through a window to the
external solar radiation

Reflection

Absorption

Glass

Transmission t
r .

\ Overall solar

/Heat gain g

NWARD FLOW OF
24 RERADIATED
SLHEAT

S omecTLy
& TRANSMITTED
7 ENERGY

_Secondary
heat gain

29
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Visible Transmittance

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
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Spectral Selectivity

=Clear
—Gray/Bnonze
—High transmittance Low-E

s —Spectraly selective tint and Low-E
Spectral Selectivity | _gSpectraly selective Low-E

Visible Solar infrared

L

1 1.5
Wavelenth(microna)

Effective SHGC
Same glass but different SHGC

Exterior window shading strategies

" Vewerian aewming
[Fass wF st rop st

> Raliey awrwimg
(ol saorimg)

7/21/2022
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Same glass but different SHGC

Louvers Awnings Shutters

Drapesand  Venetan Roller
Cverhang curtains blinds shades

Shading devices (external and internal)

U value of Fenestration

Total Product U-factor
* Insulating values of the glazing assembly
o The edge effects in the |G Unit

* The insulating value of the frame & sash

Center-of-Glazing U-factor

* Total number of glazing layers, the dimension
separating the various layers of glazing,

* Type of gas that fills the separation,

Characteristics of coatings on the various

surfaces.

34
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Thermal Comfart...

35

Thermal Comfort

o That condition of mind which expresses satisfaction with the thermal
environment and is assessed by subjective evaluation”

PERSONAL
PARAMETERS
personal choices

ENVIRONMENTAL
PARAMETERS
Building envelope and
HVAC

18



omrort Farameters

Thermal comfort - Influence factors

Activity (metabolic rate)

Clothing

Air temperature

_ B
e '

Moisture content of the air

Activity

0.8 1 1.4 2 3 8

* M(metabolic rate): the rate of transformation of chemical energy into heat and
mechanical work by metabolic activities within an organism, usually expressed in
terms of unit area of the total body surface or met units

 I'met=2082W/mZ whichis equal to the energy produced per unit surface area
of an average person, seated at rest

7/21/2022
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' Clothing

clo: a unit used to express the thermal insulation provided by garments and
clothing ensembles
[ clo = 015 m2-K/W

Trousers + short-sleeved shirt

Long-sleeved coveralls + T-shirt

Sweat pants + sweat shirt

Trousers + long-sleeved shirt + suit jacket

Insulated coveralls + long-sleeved thermal underwear (+
bottoms)

PMV & PPD

Scale

-3 cold

-2 cool

o
==

-1 slightly coal

0 neutral

1 slightly warm

2 warm

3 hot

=B -1.0 0.5 0

Predicted Mean Vote

Predicted % Dissatisfaction

7/21/2022

20



7/21/2022

Radiative temperature

Radiation exchange

6, mean radiant temperature (MRT)

Rough approximation:

_(2A8)
2A

0 Surface temperature
A Area

9!.1

Operative temperature

Operative Temperature

Operative Temperature (dry resultant or perceived temperature)
o, Air temperature
0, Mean radiant temperature

6, +6;
2

o

IEEJI-!fJP i

21
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RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

One-Day Online Training Program on Thermal
Comfort in Affordable Housing

Session 2
13t July 2022

1

Importance of Passive Design for
Comfort and Energy Efficiency in
Residential Buildings

Ashok Lall
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Sustainable Development Goals

Affordable homes at locations of employment
10% and economic opportunity with access to
public transport and social amenities.
Livelihoods in an inclusive construction
economy

Resilience of urban living in cases of
infrastructure breakdown and disasters, with
sufficiency of habitable space and
environmental security - water, air, recycled
waste.

Use of low-carbon and resource-efficient
modes of production for construction of
housing and selecting building types for
minimum operational energy.

Build-in resilience against extreme events,
shade and green for a habitable outdoors
against heat waves, aggregate rain harvest
and water efficiency, minimize hard ground
and motor vehicles for low UHI

Qnusing for all

Minisiry of Housing & Paverty Alieviatian

/

e
W
&

o)
3‘\%‘\ ‘;u;.':j‘

WX

%

The climate and its seasonal and diurnal
patterns vary from place to place

Passive design
shape

strategies -
ANKIA

would be

climate E

responsive walls windows

Building design
would respond
to seasonal and
diurnal
variations
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ELECTRICITY CONSUMPTION PATTERN : sample household survey

EPI Per £ for R in EPIPercentage Distribution for Residential Development in Delhi
Chennal (39 sample houses) (78 sample houses)

I

|

Percentage
-
3

e IS
o O L LU Lo

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
EPI Range in kWh/m?/year oW MWie20 zom‘o"mouh wmse'ms;omw 0toN AboreN

There is an emerging trend of houses with EPI above 80 kWh/sq.m./year which are
typically houses with 2 or more air conditioners and 4 or more occupants. This trend is
visible in both climate types.

o Delhi
=
E cold..pleasant...hot...humid...pleasant..
8_ Note diurnal range variation!
S
‘8 J shape
| ?
c: = [=]
-‘g “ ‘ iﬂ walls windows
© : S - =
— | " A 4 "
T N TR 3
i e i 4% ﬁﬁ%k#
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Residential Typologies

HOUSING
TYPOLOGIES

Single family Multi family - Group
- Plotted Development

TECHNIQUES
— Shape, surface area
— Orientation / shading,
— Shading device/system
—-Thermal mass, insulation, surface reflectance
— Ventilation, infiltration control
— Vapour barrier

— Evapo-transpiration, Sky, Earth, Water body

- Passive engines

- Low energy cooling/heating systems
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KWH Walls Roofs Nafural vent Window gain

+200

0

-200

reflective high mass roofing

Io‘w emissivityJ*
paint

L |
@

|| | » 4 [ [
d | L ] k

> f N-S
FACING

] [ Famanca ]

L seoroom |
= 290 3100 ‘

EXPOSURE

*Row housing to reduce
peripheral wall
exposure.

«External shading system
= balconies and sun
shade frames.

«End wall shading

10
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SITE LEVEL STRATEGY — ORIENTATION and MICROCLIMATE FOR THERMAL COMFORT

11

BUILDING LEVEL STRATEGY — WINDOWS AND BALCONIES

Window shade and
frame prompts
growing home
plants and installing
external vertical
shade screens

l

An air conditioner
or ventilation fan
can be added in
the ventilator
above the window.

12
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BUILDING LEVEL STRATEGY — WINDOWS AND BALCONIES

13

14
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Happinest Avadi, Chennai

b"

15

16
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Design recommendations for thermal comfort

* Reduce heat gains from the sun through windows
— Optimize the size of windows, as glass transfers 3-6 times more heat than walls
— Shade the window- use external movable shading or partially opaque shutters

17

TYPICAL SHADING DEVICE FRAMEWORK

BRIEF DESCRIPTION

If a projected frame of light metal section is fixed on the wall surround-
ing the window opening is provided (as shown in the wall section),
it will help to attach the shading panels or screens conveniently. This
frame would allow the user to easily install shading screens/chiks/
cloth, etc. These screens can be either fixed or movable type. The ex- \
tent of the shading panel would depend on the orientation of the win- \ L

dow. (See illustrations) LT T | pp— 3 |
Framework: The framework is a support system designed to easily fix IR ' } E
shading screens corresponding to the orientation. This typical box |
frame is made up of MS sections; other alternative options include alu- b woiko (18 -
minium, stainless steel, and Gl. However, the box frame cost is provided WINCOW ”.|
for MS section. 1
The chhajja projection at the top should ideally be a lightweight, 8 | | |
non-porous material such as cement board. One may also use stone S J
or any other waterproof boards. The frame should be attached to the s

external wall with minimum surface area in contact with the wall. PVC B) FRONT ELEVATION

sleeves can be used to separate the frame and wall and limit the con-
duction heat gains from the shading device to the envelope.

The fixed shading elements may be provided by the builder at the time
of making the building, whereas roll-up/pull-down screens may be left
to the user to install. Figure A provides the sketch of the assembly. The €) Wall Section

<o

construction steps are shown in Figures 1 to 4. The details of the front /
elevation and wall section are shown in Figures B and C, respectively. S |
- 25625426 M5 BOX i 'H
secnow v @ i |
A)Plan
3000
Cost/m?

18
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CONSTRUCTION STEPS

| % W

Taking the case of 900x1200mm 2 Dril holes, fit PYC steeve that project out 3 Fix the M5 box frame with bolts, each 4 Once the WS frame s fixed property,
standard window by about 15 mm and align them in one fume <can come seprately and bolted. different shading devices can be
plane. installed over it.
-

The shading device acts a5 a framework to further fix shading screens, chiks, perforated panels etc. depending on the orientation of the facade.

29
19
Desigh recommendations for thermal comfort
* Reduce heat gains through the roof and walls
— Insulate /shade roof. Reflective roof finish
— Insulate / shade walls
Hollow Core AAC Blocks Flyash Bricks
Blocks

20
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21

W,

3 -
1) North facade exposed
with window

2) South facade exposed
with window

3) South and ‘west facade
exposed. Window on
south facade

4) South and west fagade
exposed. Window and
alass door on west facade

Figure 12: 4 bedrooms taken for further analysis

Energy simulation was camied out in these sample bedrooms to calculate peak temperature
inside the flats on a typical summer day as well as cocling loads.

22
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Haat Balance for Summer hgnths (Apr-Jun}

2000

1800

1600

40 - 60% heat comil

1300 |:
E 1200
=
§ o 353 heat,
5 from
T am win I

.11 2]

30% heat
am from
walls
200
[+
11 Morh exposed withwndow 2 Scuth exposed with window N South with wnd oer + Wy es) 4] West with wirggw + Jogts
apeeed eapaped
Swnlatind edois
®Geaeral Lghting 8 Coppuier+ Equip 8 Congangy  EWalk u 3ofar Gain Extergr Windows @ Rgol
Figure 17: Heat balance for summer months for top floor

23

Heat Balance for Summer Months [Apr-lun)

1200
s 62% heat coming,
from windo
200
=80 54% heat coming
E from wall
g &0
0
[*]
1) POTFy g willi waiiom £ I 0w D ey TH S0 1wl iAo = Wit A] Wi walh Wi = Sith
oapostd

simufated Eadrocms

mGeneral Ughting WComputer+ Equo B Occopancy W Walkh mGlasng  mSolar Gains Laenar Wincows

Figure 16: Heat balance for summer months for intermediate floor

24
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4za

aaa

3384

540

340

324 -+

e ——
1
=]

184

2640

40 -

124 -+

00
05,05,2012 00:C0 DE.05.72012 D603 06.052012 1200 0E.05.200L7 15:00 D7.05.2002 00:00
Typical sumanier day

= Dutsice Dry-Bulb Temperature ——1] North expozed with window — 1] South exposed with window

—— 1) South with window + West exposed  ——3) West with window + South sxposed

Figure 14: inside temperaturas on a typical summer day on the top fioor

25

Descriplion of Base Case

320

ann

8.0

Temperature | *C)

6.0

240

2.0

00
06052012 000D 05052012 05:00 05052002 12:00 Of0% 2012 16:00 07052012 00:00
Typical sumemer day

~—— Ouwtside Dry-Balk Temperature —— L} North esposed with window 2| Sowth exposed with window
e 3] Srutkh writh weindew + West eaposed ) Wast with winsow + South axposed

Figure 13: Inside temperatures on a typical summer day on an intermediate floor

26
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6.2.1.4 Insulated walls: AAC blocks

The analysis of the base case also showed
that the exposed walls facing the west also
allow significant heat gains into the building.
Using insulating walling material will reduce the
transfer of heat through walls. Autoclaved
Aerated Concrete (AAC) Blocks are good
insulating material. They are also lightweight,
reducing load on the structure and thus
reducing the structural steel requirement.

Constructing with AAC blocks requires skilled
labour and careful handling of the blocks. .
Some care also needs to be after building figure 22: AAC block
occupation. AAC blocks must be procured from

known and reliable manufacturers.

6.2.1.5 Roofinsulation

For the top floor, the highest heat gains are from the rocf. It is thus very important to insulate
the roof and this leads to considerable reduction in inside temperature for the top floor.
Figure 23 shows the detail of the roof with insulation.

Reflective surface
finish

|

Insulation ‘\ \
|

Figure 23: Roof detail with insulation

27

6.2.1.1 Window shading
Currently all wandows have a 600mm overhang or open into a 1300mm balcony. The
following addition is proposed in all windows facing east and west.

1) Fixed louvred screen above lintel height. This is proposed to be added by the
developer.

2) Movable screens or “chiks” below lintel height. It is suggested that some vertical
framing be provided by the developer. This would provide the occupants some way
of attaching "chiks” later.

The additional shading is shown in Figure 18, Figure 19 and Figure 20.

Figure 18: Proposed shading: 2.5 BHK unit

28
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Fixed horizontal ’__-
louvred screen =

above 2.1 m

T

I

Movable screens ! !
or “chiks" below |

21m

e T [

NN
g,
i

e T |

|

Figure 20: Section showing proposoed shading

29

These strategies were simulated for the worst of the sample bedrooms, ie. Bedroom 4
(Bedroom with south and west fagade exposed with window [ glass door on west fagade) on
the top floor.

=== Qulside Dry-Bulb Temperat ure Present Design Incorporating all sirateghes

Erm——)
g E B

g

ne
OB.05.2012 00;00 06.05.2012 05:00 O8.05.2012 12:00 Da05.2002 1800 07.05.2012 00:00

Timleal sismmer day

Figure 25: Inside temperature of Bedroom 4 on the top floor with and without the passive
strafegies

30
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2000

1512

1600

16N

1300

10081

summer Cooling Load- Apr to Jun(kWh)

4) Weat with window + South
exposed_Base case

4} West with window + South
ewposed._with strategies

Figure 26; Cooling load of Bedroom 4 on the top floor with and without the passive strategios

31

SEDHOOM
FCE

LI HALL DIWM:':- -
Supply NG L 1:*‘-‘\-'-'??‘.

duct A=

I vesTiale KITCHEN
9 4!\.'.)]110-30

Evaporative cooling system

Figure 28: Possible scheme for evaporative cooling in flats

32
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Dpenings to ventilate
8 closed kitchen

Additicnal kitchen
exhaust shaf

Figure 371: Additional shaft and openings for kitclren ventilation

33
Impact of window / shading design on
window heat gains, ventilation, cooling
electricity and thermal comfort
Analysis done for Mahindra Life Spaces by
Indo-Swiss BEEP
08 June 2020
34
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Selection of unit for detailed simulation

This flat
on Third
Flooris
selected

35

Design alternatives for comparison

bottom is removed) also openable)

Shade: As proposed (side fins
—up to 1.48 m from top, front
screen — up to 0.42 from top
of window)

Shade: As per current design
Shade: As per current design Shade: As proposed (side fins —up to 1.48 m
from top, front screen — up to 0.42 from top

of window)

i ] h 1
i E ' i i |
1 [ 1
I - . i ' i !
: ar : : 3 b § !
! HaE ' g |
: I ‘ : | P . '
1 1 1 P! 1
1 1 1 1
1 12 1]~ 1 ! v 1
' | ] 1 [ 2 1
! H h I ONBOTHSDES | ! b= |
1 H i & b i 1
! ' ! ] G| P :
I . | s 4 !
| H i Fasts ' !
i i i . o H
: : i = P g :
1 950 i i 20 b i
1 1 1 I T T 1
E BEDROOM E E (V@ i E ELEVATION-OUT |
PPy - g
: iz e w2 ! D i
1 1 et 1 [ 1
' 1 | e
! Casel: ! ! Case 2: ! Case 3: o
1 1 1 ! . N . .
! . . ! . . ! . L 1 ' Window size: As per Part 1 design (Fixed part |
i Window size: As per current i Window size: As per Part | ! Window size: As per current ! 1 of Glass at bottom is removed, while top part E
1 design 1 | design (Fixed part of Glass at + | design ! 1 of the window in Bedroom and Living room is !
1 1 1 !
: : : . i
1 1 ' [ 1
1 1 1 P! 1
1 1 ' [ '
1 1 1 ! 1
1 1 1 ! 1
1 1 1 ! 1
1 1 1 P! 1
1 1 i b H
' ' I ] !

1 Case 5: Assisted ventilation is :
1} added in Case.4 !

36
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Result 2: Impact on direct solar gains

Solar Gains Exterior Windows (Mar-Oct)

* 51% less direct heat gain
from window by reducing

1,800
b glass area and adding
1,600 shading (Case.4 vs Case.1)
1400 1,378
1200 1127 * 34% & 19% less direct
heat gain from window by
_ 1000 reducing glass area
B o St (Case.2 vs Case.1) & by
adding shading (Case.3 vs
600 Case.1)
400
o * May lead to selection of
lower TR of AC for the flat
Case.] Caseld Case3 Cased
37
37
Result 3: Impact on cooling electricity
Cooling Electricity (Mar-Oct) * 28% less cooling
e electricity required by by
E s reducing glass area and
1.208 adding shading (Case.4 vs
1200
1,083 Case.1)
1,000 959
* 18% less cooling electricity
800 . .
= required by reducing glass
& area (Case.2 vs Case.1)
600
o * 9% less cooling electricity
- required by adding
shading (Case.3 vs Case.1)
Case.l Case2 Caze.d Caszed
38
38
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Result 4: Impact of window/shading design on
Discomfort Degree Hour (DDH)

* 52% reduction in DDH by reducing
glass area and adding shading
DDH (Mar-Oct) (Case.4 vs Case.l1);

3000 75% reduction by adding assisted
_— ventilation with improved design
2500 : (Case.5 vs Case.1)
2,035 1,003
2000 * ~20% reduction in DDH due to either
reducing glass area (Case.2 vs

g 1500 Case.1) or by adding shading (Case.3
- 1212 vs Case.1)

1,000

= * Significant reduction in the

2 operational time (hours per day and
operating days per month) for the
AC with Case.4 or Case.5

Case.l Case.2 Case3 Cased Case.s 39

39

Operative Temperature (°C)

Result 5: Indoor operative temperature

+ 2-2.5°C reduction by adding
assisted ventilation (Case.5
vs Case.1); Can comfortably
sleep without AC

A * 1.5-2°C reduction by
\ /! \/ reducing glass area and

340

320

300

\/ adding shading (Case.4 vs
Case.1)

280

Y/
)
v

e ~1°C reduction with either

20 \j reduced glass area (Case.2 vs
Case.1) or by adding window
o shading (Case.3 vs Case.1).
17.3.02 0000 17.3.02 1200 18.3.02 0000 18.3.02 1200 19.3.02 0000 19.3.02 1200 20.3.02 0000
—— Outside DBT (0Q) ——IMAC: Max ——IMAC: Min ——Case.1: Block.02_01 Bed.SW

Case.2: Block.02_01 Bed.SW Case.3: Block.02_01.Bed.SW Case4: Block.02_01 Bed SW —— Case.5: Block.02_01 Bed.SW

40

40
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Operative Temperature (°C)

340

320

300

280

260

Result 5: Indoor operative temperature

¢ ~2.5°C when assisted ventilation
is added with improved design
(Case.5 vs Case.1); Most of
hours come within IMAC band

\ \ e ~2°Creduction in peak inside
/‘\\ operative temperature with

\ /—V\\
W — i reduced glass area and shading
V \/ (Case.4 vs Case.1)
e ~0.5 and ~1°C reduction in peak
inside operative temperature by

adding window shading (Case.3
vs Case.1) and with reduced
glass area (Case.2 vs Case.1),

20 respectively.
17.3.02 0000 17.3.02 1200 18.3.02 0000 18.3.02 1200 19.3.02 0000 19.3.02 1200 20.3.02 0000
Outside DBT (oC) —IMAC: Max ——IMAC: Min —— (Case.1: Block.02_01 LivDin SW
Case.2: Block.02_01 LivDinSW —— Case.3: Block.02_01.LivDinSW Case4: Block.02_01 LivDinSW —— Case.5: Block.02_01.LivDin SW/ 41
41
- S Y S = . ..
—
! POWDER
=2l COATED GI
PERFORATED
f= SHEET
2 SPANDREL FIXED
= ONMS POSTS
= ! ‘ONBOTH SIDES
| 3, | 40x40x2
T THK MS
[ # POSTS
g :
] | ;
== 3l
] BEDROOM ELEVATION-OUT
SECTION ®
=2 cased ™2 = Cased | @
- Replace the lower glass part with (or add) opaque material.
- Add vertical shading on side and top.
- Shading frame enables residents to install rollup screens conveniently.
- Give suitable openings for installing ventilation/exhaust fans.
42
42
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* Huge impact of window design on solar gains and hence on DDH (in naturally
ventilated mode) and cooling electricity (in air-conditioned mode).

* 28% reduction in cooling electricity and 52% reduction in DDH for Case.4.

» ~2.5°C reduction in peak indoor operative temperature for Case.4 and Case.5. Will
lead to reduced AC operational time (hours per day and operating days per month).

* 75% reduction in DDH with improved design with assisted ventilation (Case.5).

This means, one may not buy an AC. Nights become comfortable and one can
sleep comfortably without AC as well.

43

Methodology for Evaluation

In this study, the buildings are classified in 3 typologies :

1

i’.
Medium rise(16.5-25m)

-

;
+

Low rise(<16.5m),

TIREIL

High Rise(>25m)

This study has evaluated the potential of Low Carbon resource-efficient
affordable housing on various parameters over 3 scales:

& sl

Building Neighbourhood City
Level Level

22
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Low Medium
Rise Rise

Comparison of Building Typologies

Low
Rise

Criteria of
Comparison ;
Criteria of i
Comparison Affordability Most Less Least
R Open A
Sustainability High Medium Low P :rse ;n reaper . @ (]
Environmental i Madi kil
Impact ow edlum 9 Embodied Energy
efficiency . ® .
Suitability for EWS/IG  LIG/MIG  MIG/HIG
Housing Cat- 5 e 5 Operational
egory (=50 (20-70m7) (20 Energy efficiency . ® -
Demand Maximum Moderate Least Solar-Roof
70% 20% 107 Potential @ ® e
The high rise development is least suitable (Carpet Area)/
. (Built Up area) ® ® .
from a Low Carbon perspective and thus
should be avoided. Construction Cost
affordability o ® .
i H Quick
The preferred typology should be Low rise but if Constuctiontme @ ® .
Land Cost are very high one may go for a
Medium Rise. Maintenance
affordability ] ° °
Disaster/ Break-
down resilience . ® °
45
Embodied Energy Efficiency
CO, emissions. (kgCo,/m?
325
0 + Given the same walling material, the
e uih taller our buildings are, greater will be
E the CO, emissions, due to higher steel
3 and cement content.
QO 250
o
3
5 s « As we go from low-rise to mid-rise and
5 high-rise buildings, CO, emissions will
2 . increase around 15% and 35%
g respectively.
ON 175
© « The CO, emissions are higher if we use
150 brick and monolithic concrete instead
use AAC/Hollow-core/Fly ash bricks/
125 Hollow-core/ Hollow burnt- clay brick
100
Low-ise (G + 3] + AAC blocks Mid-rise [$+7) + AAC blocks High-rise [$+11) + AAC blocks.
Hollow Core AAC Blocks Flyash Bricks  Hollow bumnt-
Blocks clay brick
46
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Operational Energy Efficiency

300

250

(5]
(=]
S

Energy (kWh/DU)
g

Q
S

50

u PUMP & LIFT ENERGY (kWh / DU)

* Increase in common service

energy (pump + liftf) by 4to 5
. times as we go from low-rise
to highrise
Low rise Mid Rise High Rise

47
Rooftop Solar Potential
Solar PV potential
90%
809
60%

®

S s0% 27%

-

3 31%

300

200%

1086

0%
Low rise (Upto G+3/5+4) Mid rise (G#4 - G+7; S+5 - 5+8) High rise (>G+7, >5+8)

+ 80% of the energy requirement in a low-rise building can be met by rooftop
solar energy. Low rise buildings have the potential to be Net Zero due to
better Rooftop Area to Electricity Demand Ratio.

» Building higher decreases Solar potential.

48
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Residential Typologies & House sizes

Low Rise (Building Height <15m)
s ~
. 1 BHK 2BHK SBHK
e Back-to-Back
i (30 sgm) (41 sqm) (55 sqm)
w L (1.14) [ (1.24) ][ (1.2D) ]
s ~
_ plzmx) “ianx) (;m {538'"‘)
sqm) sqm, sqm) sqm
w Row House L0 || 028 (1.3A) (1.3C)
1BHK
(30 sqm)
a L (1.1¢)
Mid/High Rise (Building Height >15m)
'd 'd N\
1 BHK 2 BHK SBHK
(443qm) (65 sqm) (85 sqm)
& °""’°' 02c) || 038 || 048
)
3BHK 3 BHK
(1.48) (1.54)
—
" seuk | sewx |[ sseuk 4.5BHK
stand-Alane | | (105sqm) || (125 3qm) || (156sqm) | | (225sqm)
Towers L 040 J|ose) )| 0-68) (1.7A)

49

Energy performance

Energy Simulation

The building design - architectural,
mechanical and electrical systems
are replicated in the energy
simulation software to analyze the
energy data, design effectiveness
and energy demand.

Software used: Design
builder/Energy plus

Outputs: Energy performance
Indicators, Life cycle cost, Payback
No. of hours of Natural Ventilation

Building Envelop Efficiency .
128

REIV — =
[

Natural Ventilation Potential .
: 232
WER [ ‘ [

0 na 3
*Minimum Complionce Required

300

- -

Hatogram . - &

50
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Master Set-Design & Construction data

Windows & Shading design

ROW HOUSE-2 SIDE OPEN -2 BHK (1.28) T p———— [ p—

Bill of quantities Working Drawings

51

1

Sustainable Development Goals

=== Affordable homes at locations of employment
NEQUMITES and economic opportunity with access to
public transport and social amenities.
Livelihoods in an inclusive construction

economy #
ousing for all

Resilience of urban living in cases of
infrastructure breakdown and disasters, with iRt lousing s Roveryrli ratign
sufficiency of habitable space and /
environmental security - water, air, recycled

waste. £

Y

(Y
SR
L

e
.
o]

Use of low-carbon and resource-efficient %
modes of production for construction of ‘%
housing and selecting building types for d\
minimum operational energy.

2

Build-in resilience against extreme events,
shade and green for a habitable outdoors
against heat waves, aggregate rain harvest
and water efficiency, minimize hard ground
and motor vehicles for low UHI

52
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GLOBAL
HOUSING o
TECHNOLOGY -

CHALLENGE INDIA Ministry of Housing and Urban Affairs
Government of India

4
Deutsche Gesellschaft
I Z fiir Intornationale
Zusammenarbeit (61Z) 6mbH

Thank you!

m)

Gl

Leadership through Leaming

27
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L= mme gize

® GLOBAL ﬂ
i HOUSING
e TECHNOLOGY Y
: CHLEHoR Ministry of Housing and Urban Aftairs
Governeet o iia

RAC

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

One-Day Online Training Program on Thermal
Comfort in Affordable Housing

Session 3
13t July 2022

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

Building Codes, Affordable Housing and
Thermal Comfort

Aviruch Bhatia
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Outline

* Introduction

* Affordable Housing
* Thermal Comfort

* Energy Codes

* ENS Tool

* Conclusions

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 3

3

Energy Consumption in Residential Buildings

Total: 1066TWh
Source: MOSPLGOI

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 4

4
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Affordable Housing Programs in India

* Address the vision of ‘AatmaNirbhar
Eoontmag Bharat’ by creating affordable rental

for Urban i i
e s housing for urban migrants/ poor

Decent living

Effective
Utilisation of
Vacant Land

*  Provide dignified living with necessary
civic amenities near their workplace on
affordable rent

*  Create conducive ecosystem for Public/
Private Entities to leverage investment
in rental housing

by
Private/Public
Entities

Investment
oppo:

rtunity
Entrepreneurship

Strengthening

Gl Pradhan Mantri Awas Yojana - Urban (PMAY-U)
Affordable Rental Housing Complexes (ARHCs)

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 5

Thermal Comfort

Environment Personal
» Air temperature » Clothing ensembles
» Mean radiant temperature » Metabolic rate or activity

» Relative humidity

» Air movement

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 6

6
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32
30
28
26
24
22
20
18

Indoor operative temperature

16
14

Acceptable Temperature Ranges

50F 59F 68F 77F 86 F oF
e __ | seoF
8 ® =
i s & | s24
- SRR
i
2 R < = El | resr
ke 2IEE E EE e
- == =] HE Ty
= - = ry
W SErE - o 3 752
& 2 ae®
O w e .
3 | | 7186
- | 90% acceptability limits |
. " 68.0
L =
1 80% I y i 644F
608 F
$ 10 15 20 25 30 35

Mean monthly outdoor air temperature (°C)
Source: Olesen BW (2005)

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 7
: Affordable Housi
Context: Affordable Housing
PSYCHROMETRIC CHART LOCATION: Jodhpur, Rajasthan, IND
California Energy Code Latitude/Longitude: 76 3° Norlh, /3 02° Fasl, Time Zone from Greenwich 5
Data Source: ISHRAE 423390 WM Sistion Number, Elevation 217 m
LEGEND
COMFORTINDOORY 107% 1 Comfort(938 hrs)
7% Bl COMFORTABLE 2 Sun Shading of Windows(0 hrs)
s W WoT comroRTABLE T o
© Dirck EvaporatvaCoolng® )
€ TuoStage Evaporatve Ceaing® hs)
7 NaurlVenean Coaing( rs) weraus
8 Fan-Forced Ventilation Cooling(0 hrs) s
9 Intemmal et Gain®0 hrs) ° .
10 Pasive Solar Direct Gai Lo Mss@hrs)
1 Pasive Solar Dirct Gai High Mass0 hrs)
12 WindPrtactonof Outdaor Spaces(@ hrs)
12 Humidcaton O rs) o
14 Dehumidifcation OO hrs) %
wor. oot smcs 15 Cooling, adé Dahumidicton  neadedto s} £
16 Hesting. 308 Hunidicato f neaced rs) s
@ O T e e H
107% Contorble Hours using Sleced Srteges on?
1 Hours O select bours {836 out of 8760 hrs)
T
Sien Oumien -
Ot |12 [ oot
® -z () riwon
Dloswarvesn sva Nn s -
SES—— -
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 8
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Context: Affordable Housing

PSYCHROMETRIC CHART LOCATION: Jodhpur, Rajasthan, IND
California Energy Code Latitude/Longitude: 26.3° North, 73.02° East, Time Zone from Greenwich 5
Data Source: ISHRAE 423390 WMO Stalion Number, Elevation 217 m

LEGEND

DESIGN STRATEGIES: JANUARY through DECEMBER

)
S
e ey P %

13 Humidication Oniy0 hrs) ol
14 Dehumidfcaton OriO brs) R
nor: [comontamoots  © 15 Cooling, dd Dehumidfcaion  nesded rs) £
= 1 Hesting, dd HumidNcstion f nsedd hrs) H
ki OFwhoe 67% Comfortable Hours using Selected Strategies. o2
(6673 outof 760 re)
o0
o0a
e O reoma
[7] Disaay Design Swatagies ® ® » » » * ©
[RERA—— DRY.EULE TEMPERATURE, DEG. €
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 9
T
Types of Building Energy Codes
P ve codes
1raae- C €8
Performance codes
O T ci
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 10
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Types of Building Energy Codes

o ECBC —R ECBC 2017
P t] d
rescriptive codes Ecolhitnas ECBC
Samhita — 1 ECBC+
Super ECBC
Trade-off codes .
Eco Niwas
Samhita - 2

Performance codes

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia

11

1

ECO NIWAS SAMHITA

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia

12

12
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Eco Niwas Samhita (ENS, ECBC-Residential) (Part-1 Building Envelope)

Sency Cosemmnon PROVISIONS FOR BUILDING ENVELOPE
RESIDENTIAL BUILDINGS 2017 D
PART : BUILDING ENVELOPE

Reduce Heat Gain/Loss
Improve Natural Ventilation & Daylighting

Improved thermal comfort & reduced energy
consumption

Source: Bureau of Energy Eficiency, Government of India. d&amp; Ministry of Power. (2018). Eco-Newas Samhiia- Part I Building Envelope. Retrieved from

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 13

13

Overview of Code Provisions

Maximum Residential Envelope
Transmittance Value (RETV) for Envelope
(excluding roof)*

— I. Heat gain = 4
Maximum U-value for Roof
J
: s 7
— 1L Natural Ventilation Minimum openable Window-to-Floor area
Ratio
)
Minimum Visible Light Transmittance w.r.t.

) 11 Daylight ’ Window-to-Wall Ratio

* The RETV provisions are for all climate zones except Cold.

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 14

14
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Code Provision: Heat Gain

Reducing Heat Gain:

Mi?m.murn RETV for RETV < 15 W/m?
building envelope
For all climate zones except Cold

: (except roof)
k&; L Solar
= ‘.WE radiation
’E!_ through
~non-opague

nﬂ‘ surfaces

Roofing material’s

maximum thermal U
transmittance value

(for all climate zones)

< 1.2 Wm’K

roof =

Source: Bureau of Energy Efficiency. Government of India. &amp; f Power. (2018). Eca-Nivas Samhita- Part 1" Buitding Envelope. Retrieved from

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 15
15

Residential Envelope Transmittance Value (RETV)
The net heat gain rate (over the cooling
period) through the building envelope,

— walls, and windows (excluding the roof)

— divided by the area of the building envelope
(excluding the roof), is measured in W/m?.

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 16
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Observations and Calculations

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 17

17

RETV: Formula and Calculations

W[ n ] .
. I Wall Conductive Heat
1 {” . Z(Aopaqw, XU spague, * @; )} T Gains

1 = - J Window Conductive
RETV = g b x Z( ‘_Ina»—apaqug % LJ!mrrﬂ:p«rzq'uer X @ ’ =
|

Heat Gain
“Tenvelope |

e

+ {(‘ X i ( ‘_lnon—apaq,,e, X SHGC% X @, )Jl

i=1

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 18
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Code Provisions: Natural Ventilation

The openable window-to-floor ratio (WFRD,,) is the ratio of openable WER. = Aopenable

op = .
area to the built-up area of the dwelling units. Apuitt-up
Climate Zone Minimum WFR, %
Composite 12.5
Hot-Dry 10.0
Warm-Humid 16.6
Temperate 12.5
Cold 83
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 19

19

Openable Window-to-Floor Area Ratio

Higher WFR,, helps in enhancement in

Natural Ventilation

Thermal comfort

Cooling Energy Savings

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 20

20
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ECO-NIWAS SAMHITA 2021 G Code Compliance
(Code Compliance and Part-II: Electro-Mechanical and \\@

Renewable Energy Systems)

* Prescriptive Requirements
* Point System Method

Eco-Niwas Samhita 2021 (Code Compliance and Part-Il)

uuuuuuuuuuuuuuuu * Scope

&5 MINISTRY OF POWER

* Mandatory Requirements

2 52
- BrEiN

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 21

21

Mandatory Requirements

All requirements for building envelope under
mandatory section as mentioned in Chapter 4
of ENS Part I.

Power Factor Correction

Energy Monitoring

Electric Vehicle Charging System
Electrical Systems

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 22

22
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Point System Method

Minimum  Additional

Componeats

points Poiats
6.4 Building Envelope
Building Eavelope 47 40 87
6.5 Building Services
Common atea and exterior 3 6 9
lighting
Elevators 13 9 2
Pumps 6 3 14
Blectrical Systems f 5 6
66 Tndoor Electrical End-Use
Tndoor Lighting 12 12
Comfort Systems 50 50

67 Renewable Energy Systems
Solar Hot Water Systems 10 10
Solar Photo Voltaic 10 10
Additional ENS Score P 20

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 23

23

ENS Score

Thermal transmittance of roof (U

Y Sco: 7 Points

Score breakup for the thermal transmittance of roof is as mentioned in the Table 10
Table 10: Points for Thermal Transmittance of Roof (U, )

Minimum, if opted:

i = - : . Upto 3
Thermal transmittance of roof shall comply with the maximum Uroof Pl i
- = = oints
value of 1.2 W/m2 K.
Additional:
P R . Upto 4
1 Point for every reduction of 0.23 W/m®* K in thermal transmittance Point
% e i : = o : 'oints
of roof from the Minimum requirement prescribed under §6.1(a).
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 24

24
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Residential Envelope Transmittance Value (RETV)

The RETV for the building envelope (except roof) for four climate
zones, namely, Composite Climate, Hot-Dry Climate, Warm-Humid 44 Points
Climate, and Temperate Climate, shall comply with the maximum
RETV of 15 W/m?

For RETV less than 15 and up to 12 W/m?, score will be calculated by

T
following equation: Hpiea0

Points

74—2x (RETV)

Additional:

For RETV less than 12 and up to 6 W/m?, score will be calculated Up to 80

following equation: points
110 -5 = (RETV)

Additional:

80 Poi
For RETV less than 6 W/m? St

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 25

25

Building Services

Minimum:
The Lighting power density (LPD) and Luminous efficacy

permanently in

building shall meet the requircments

‘minimum luminous efficacy given in Table 13, Table 14 and as mentioned

3 Points

spplicable to a building for which
e performance requirement of the respective

the permanently installed lighting fixtures with lamp luminous
/W in arcas mentioned below

Upto3

Toints

that

i
‘when daylight is available, or

the permanently installed lighting fixtures in all corsidor

basement lighting and exterior lighting with lamp e 0.8

Points

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 26

26
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Building Services - Points for Air Conditioners

Minimum, if opted:
Unitary Type: 5 Star

Chiller: Minimum ECBC Level values as mentioned in ECBC 2017
Additional :
Split AC: 4 Star

VRF: Not Applicable as on date, however, whenever BEE Star label-

ling for VRF is launched, Star 4 will be applicable

Chiller: Minimum ECBC+ Level values as mentioned in ECBC 2017

Additional :
Split AC: 5 Star

VREF: Not Applicable as on date, however, whenever BEE Star label-

ling for VRF is launched, Star 5 will be applicable
Chiller: Minimum SuperECBC Level values as mentioned in ECBC
2017

20 Points

9 Points

21 Points

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia

27

Building Services - Points for Renewable Energy Systems

Minimum, if opted:

The ENS compliant building shall provide a solar water heating system
(SWH) of minimum BEE 3 Star label and is capable of meeting 100%
of the annual hot water demand of top 4 flooss of the residential
building.

or

100% of the annual hot water demand of top 4 floors of the residen-

tial building is met by the system using heat recovery

Additional:

Additional points can be obtained by installing SWH system as per as
per following:

100% of the annual hot water demand of top 6 floors of the residen-
tial building (2 points)

100% of the annual hot water demand of top 8 floors of the residen-

tial building (5 points)

5 Points

Uptwo5
Points

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia
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Building Services - Points for Renewable Energy Systems

Minimum, if opted:

The ENS compliant building shall provide a dedicated Renewable

Enerpy Generation Zone (REGZ) —

Equivalent to a minimum of 2 kWh/m? year of electricity; or 5 Points
Equivalent to at least 20% of roof area.

The REGZ shall be free of any obstructions within its boundaries and

from shadows cast by objects adjacent to the zone.

Additional:

Additional points can be obtained by installing solar photo voltaic as

er following:
2 S5 Upto5

Points

Equivalent to a minimum of 3 KWh/: mg.yc:u of electricity or Equiva-
lent to at least 30% of roof area (2 points)

Equivalent to a minimum of 4 kWh/m?.year of electri ty or Equiva-
lent to at least 40% of roof area (5 points)

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 29
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Affordable Housing

* Affordable houses are Dwelling Units (DUs) with Carpet Area less than 60 sqm. It
also includes Economically Weaker Section (EWS) category and Lower Income
Group (LIG) category (LIG-A: 28-40 sq. m. and LIG-B 41- 60 Sg.m.).

* 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.

e This definition could be changed time to time by Ministry of Housing & Urban
Affairs and respective states and latest definition for the respective state shall be
considered.

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 30
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Minimum ENS Score Requirement

Project Category Minimum ENS Score
Low rise buildings 47
Affordable Housing 70

High rise buildings 100

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 31
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ENS Tool

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 32
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ENS Tool: https://www.econiwas.com/tool/

Welcome to ECO-NIWAS Tool

state

Select State:

city

Select City

Climate Zone
M Hot and Dry

1 Warm and Humid
[ composite.

[ Temperate

W coio

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 33
Please select your Building Type
OStand-Alone O 3-Sides-Open (© 2-Sides-Open
A Stand-Alone building does not have any A 3-Sides-Open building has one building ‘A2-Sides-Open building has two buildings
neighbouring buildings. attached on one side. attached, one on each side.
Area per Floor Building Area Which direction should your building face?
m2 Building Area is equivalent to m? Select Orientation v
[ ]
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 34
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ENS Tool

© Project Information

Telangana

Composte

4 South-Facing

Select EE Measures My Savings per Year

M Root -

H  Windowsize -
@ WindowType -
@ shang b
B ArConditioner -

By Naturai Ventation

Best Combination é
Reset to Baseline

¢

My Energy Savings (0%) Money Savings

INR

for whole Building

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 35
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ENS Tool

© Project Information Telangana Hyderabad Composite Stand-Alone 50

Select EE Measures My Savings per Year

B = -
By wa -
H  windowsize -

¢ WindowType -
B Shasing v
@B AirCondiioner -

Byl Natural Ventiaton @

Best Combination é
Reset to Baseline

25,600
My Energy Savings (24%) Money Savings
. v R
¢ I 1
7 100 125 150 for whole Building
‘ Baseline
Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 36
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ENS Tool

@ Project Information

Select EE Measures

Roor -
wa -
Wincow Sze -

Wingow Type -

Shading ¥

S0k Snacing
14.200

. <0,

e -

z!ﬂE\?’“ﬁmfi

A Condeaner -

pa==—
E o g J~
Best Combination ¢ <] o o o o 6 o
[Comicmimn |, - B
.

NR
Reset to Baseline I I I I
for whole Building
75 0 s 50

Baseline

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 37
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ENS Tool

ECO-NIWAS REPORT CARD

Congratulations!
ey o T e ot 245

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 38

38

19



7/21/2022

Conclusions

» Affordable Housing
* Thermal Comfort
* Energy Codes

* ENS Tool

Building Code, Affordable Housing and Thermal Comfort | Aviruch Bhatia 39
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< Building Materials in affordable
houses
> Background

Building materials

Key approaches

vV V VY

Method of construction for
affordable housing

> Case studies
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Passive Building Material/Products

1) Glazing 9) Housekeeping chemicals
2) Insulation 10) False ceiling materials,

3) Paints & Coatings 11) Flooring materials

4) Adhesives & Sealants 12) Furniture

5) Flyash blocks 13) Gypsum based products

6) Cement 14) High reflective materials &
7) Concrete coatings

Paints Adhesives & Sealants

chu

1GBC © Confederation of Indian Industry Contederation of Indian Indust



IGBC

Materials with Recycled Content

PRODUCT SPECIFICATION

Date- 17.03.2017
Agian Paints R&T Cenfre
Project Location: Turbhe Navi Mumbai

Sub:  Cerfificate of Re-Cycled Confent. Regional Material

Deor S¥,

We have supplied 4000 saft of plywood to your Asian Paints R&T Centre, Turohe Navi Mumbai

We confirm that fhe below menfioned are set in our products — Graenply industies mests the requisite

spectications of the products manufactured ot our Plant

Project Checkiist for Product Certification:

Post

PRODUCT APPLICATIONS/MATERIAL DETAILS ALTERNATIVES/QUANTUM
0%

Post-Consumer - Recycled Content

3

The manufactuning location of the product is focated at
Gujrat

Approx. 430 Kms (radial distance)

Percentage of materiak extracied, hamested &
marutactured witnin 800 kms of the project site

95%

Percentage of natural wood (agro forest produst]

95%

Above natural wood is FSC [Forest Stewardship Council)
Certified

857 of wood products out of the
above is confrolled wood

Free from Urea Formalaehyae. Yes
Adhesives used Phenol

¥OC (volatile orgaric sompsund | .07 gm/ir
Rapicly renswable matesialin % atleast 50%

Manufaciurers Name

Graenply Industries Ltd

We hersoy declare thot the aforesaid information provided is comact fo fhe bast of our knowledge and

the requiste detaik are in ine with the reauirement of the client
© Greenply Indushies Ld

Company
Date : 17.032017

< To encourage the use of products (materials other than
plant machinery) which contain recycled materials to
reduce environmental impacts associated with the use of
virgin materials.

w

Composite Wood

© Confederation of Indian Industry Confederation of In

an Industry



Materials with Recycled Content

< Use materials with recycled content such that the total
recycled content constitutes atleast 15% of the total cost
of the materials used in the project.

%o of materials
with recycled content

> 15%

> 25%

@& crr

I GBC ederation of Indi Indust Contederation of Indian Industr
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Typical Materials with High Recycled Content

Materials %0 Recycled content
Fly ash blocks 30-40
Glass 10-15
Ceramic tiles 20-30
MDF 30-50
Steel 25
Cement 20-30

© Confederation of Indian Industry

Confederation of Indian Industr



Flooring

Recycled Carpet
Eicher Corporate Office, Noida, Platinum

| Bamboo Flooring
‘\EE) cnl

..
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Local Materials

“ Encourage the use of building materials available locally

to minimise the associated environmental impacts

Percentage of local materials sourced

2 50% . 300kh 50

> 75% -\

© Confederation of Indian Industry

Confederation of Indian Industr



Local Materials

% Ensure that atleast 50% of the total factory building
materials by cost used in the factory building are
manufactured within a radius of 400 Km.

Calculations:

Distance betweesn

Product name Vendor |  ProductCo =t (Rs) project & manufacturer| 203! Materials

Km) | information sour =
Steel 832,080,070 Letter
Cement 240,242,518 392 Letter
Fly ash Bricks 204,206,140 S0 Letter
Sand 102,103,070 47 Letter
Stone TLATL,149 47 Letter
Galvanum Sheet 15,808,120 440 Letter
Puff Panels T7.424,361 440 Letter

Total cost of materials manufactured locall 1,553 346,328
| Total Materials cost I 1932950008
| Fercentage @i local materials I 5036 |

Factory, Halol, Platinum

© Confederation of Indian Industry
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Material Reuse

<+ Encourage the use of salvaged building materials and

products to reduce the demand for virgin materials to
minimize the impacts associated with extraction and

processing of virgin materials.

Percentage of salvaged materials
used

> 509

> 10 %

74 © Confederation of Indian Industry



Material Reuse

Use of Railway sleepers bought from railway auction

Eicher Corporate Office, Gurgaon, Platinum

© Confederation of Indian Industry



Material Reuse— Salvaged Materials

Eicher, Gurgaon Platinum

cn
ration of Indian Indust



Certified Wood /
Rapidly Renewable Building Materials and Furniture

< To minimise the usage of virgin wood thereby
encouraging responsible forest management

chu

Approach towards “Cradle to Cradle” .
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Certified Wood / Rapidly
Renewable Building Materials and Furniture

< Ensure atleast 50% (by cost) of all wood based
products used in the building will be FSC (Forest
Stewardship Council) or the local Forest
Department certified wood or rapidly renewable
based products.

Percentage of FSC / Forest
Department certified wood / Rapidly renewable

> 50%
> 75%

© Confederation of Indian Industry

Confederation of Indian Industr



Green Building Materials

Product Design

+* Assess ‘How Green is a Product’

Product
Innovation i Performance
based on its Life Cycle ® "'ﬁ :
/! @
. %
+* Highlights the way forward = s

Product Raw

1 1 hip Material

to achieve environmental Stewardshig o geria
W ‘ Green
excellence 93 Product

Rating |
*¢* International standards and

Life Cycle

protocols followed for product Approach

testing and evaluation

sy Manufacturing
Management k Process

‘GreenPro’ Framework for
Certification

1 of Indian Industry



Rapidly Renewable materials

}UMA Store, Bangalore
@EB} Use of Bamboo panels for cladding the suspended ceiling -1

IGBC



Optimisation on Structural Design

< Optimum use of construction materials to reduce
dependence on natural resources

% Design to conserve steel, concrete, water and cement as
compared to standard practices, while maintaining
structural integrity

cu
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Optimisation on Structural Design

% Reduction in Dead
Load — Use of Light
weight materials




Comp05|te/ Agrl based / Recycled Wood

Recycled Wbod Waste
e

e

> ” =

SEe oftd /g ' Rice Husk Particle Board Ceiling in Class Room Contedration ofindian Indusiey




The clubhouse is India's largest Bamboo structure
(made with Indian bamboo)

Naandi Rurban Commune, Hyderabad
Platinum Rated P> / 4
© Confederation OfIIldlaIl Industry Conftederation of Indian Industry



IGBC

Master Material Sheet

MASTER MATERIALS TRACKING SHEET

Total Materals Guantity & Cost e “Rm'“h""n"mﬁm MR C4 Local Matertals
FOGEE e 8 g e TotalCost | Certrned foaum e b Tolal Coat [DFEtaRNCE to sourcs
Euantity units Coat par untt Matarisl Walue | AMsmate | Contentwvalus |Quantiby manufactur
| =) o [Rz) Ccontsnt (RE) {rem) Ing (kmj
Cement {[ACC FZR) ACC Lid 74 B0 Mos 400 0,830,500 Yes 9,836,500 26.00% 2,783,088 100% 5,939,600 Manutacturer Brochurs
Forotherm Eocks Welnerberger 106,424 Mos 75 7,581,500 Yes 7,581,800 25.00% 1,995,450 100% 7,881,500 Manifacturer Brochurs
Fly Ash Brick ACC Lid 337,000 Mos & 2,696,000 Ho o 40.00% 1,078,400 100% 2505,000 Manufacturer Letier
M Sang Locs 6,424 cum 1,225 7,655,400 o o 100.00% 7.369,400 1005 7,863,400 Manuracturer Lester
20men Metai Loca 1,256 ] cum 1,050 1,326,300 Mo o 0005, o 100% 1,329,300 58| Manutacturer Letter
Cortruction Debas Locz 1,528 cum 3,150 4,675,350 No o 100.00% 4,379,350 100% 4,873,350 ManLrscturer Lester
REMiEng of consmecton Dedns | Locs a1|sqm 3,150 288,550 N o 100.00%) 268,650 100% 285,650 ManLacturer Letter
Graves Locs 513 cum 3,150 2,550,950 o o 0005, o 100% 2,560,250
RMC Concrate Ultratsch Duracon 1.824] cum 4,900 9,427,500 Yes 9,427 600 35.00% 3 793,660 100% 9,427,600 Manuracturer Brochure
Steel Loca 458] Tons sapoo| 27430000 No 0 15.00% 4123 pan 100%| 27480000
Latents Stone Locs 4 555 mos a0 5,545,950 No g 100.00% 5,545,250 100% 5,545,950 VERmor fetier
Structural Sie Fabricallon | Tata Structura =1.405|%g an 4,£26,450 Yes 4,626,450 o 100% 4,525,450 Manufacturer Brochure
Flush Doors Loca 1,284 sqm 3,300 4,105,200 No 0 0.00% o 100% 4,105,200
UPVC Wingows Gadl Windows 1,523 sq.m 2,545 4,406,905 Mo [ 0.00%% o 100°% 4,405,905 Manutacturer Letter
Itakn Marbie Maheshwary Marmie 3,520/ sqm 2,186 £,490,720 No o D.00%% o 0% o
Granine Loca 798[sq.m 1,550 1,333,800 No 0 0.00% o 100% 1,233,500
Tollet Tile HMitco 3.5z sqm 753 2,50E, 086 Yes 2,90E.085 0.00% o % o
Laminate Wooden Flooring | Subh Waods 2537 sqm 1,200 3,044,400 Yes 3,044 400 D.00%% o 0% o Manutacturer Brochure
Glass Handral 1,390] sq.m 3,595 4,557,050 No o 18.00% Ao9, 450 100% 4,357,050
Foam Concrete Ultratech LRecon 1,554 sq.m B50 1,655,800 e 1,855,500 45.00% 333,610 100% 1,865,500
Terrace Tie ABC Caramics 1,554 sqm Bas 1,256, 78D Yes 1,266,750 D.00% o 100% 1,265,780
Paver Blocks Mippon 1,724 sgm 334 ES2.016 Yes E52015 0.00% o 100% 582,016
Fainiting Duux 41,058| sq.m Yee 6,560,440 000 o 0% [
Glass {Windows | Guandan Glass 1,450 sq.m TEE 2,175,000 TE8.D0%. 391,500 100% 2,175,000 Manutachurer Letter
S0 488,572 38,990,527 108,335 601
Todal Construction Coat (sxcluding 1765.80 125343.24 Sqft

© Confederation of Indian Industry
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Heat Flows Through Windows

NN
<] il ’ Absorbed solar radiation
p G conducted through the frame

T
Reflected solar ; , Directly transmitted solar
radiation radiation through the glazings

Glazing-absorbed
solar radiant heat 7’:—

Cutward flowing
fraction of glazing
absorbed radiation

© Confederation of Indian Industry

{includes both light & heat)

Inward flowing fraction of
glazing absorbed radiation

Heat conducied
through the glass

QHeat conducted

through the frame

Confederation of Indian Indusitry



U-value
“ U value — (W/m2.deg K)

< Heat transfer due to
temperature difference
(conduction)

< Typical U values

> Single glazed glass (6mm) : 5-6

> High Performance glass : 1.7 — 3.0
(6mm+airgap+6mm)

IGBC © Confederation of Indian Industry Contederation of Indian Industry



Shading coefficient

% Shading coefficient
Heat gain thru’ a given glazing (SHGC)

Heat gain thru’ 3 mm clear glass (0.87)

< Solar heat gain coefficient (SHGC)

> Also called as Solar factor by manufacturers
> Indicates direct heat gain

% Typical values
> Single glazed 6mm glass :0.5-0.8
» High performance glass :0.1-0.4

SERG © Confederation of Indian Industry
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Roof Insulation

» Over-deck ?
+ Under-deck ?

+ Insulation sandwiched

IR d
LI T Ly
P S i
IR AT

% Saving potential

> 3-8 % depending on extent
of roof

1: Reinforced concrete

2: Separation layer

3: Insulation

4: Water proof membrane
5: Screed

6: Concrete roof deck

‘\EE) cu
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Wall Insulation

s+ External or Internal

+++ Internal if brick exterior
required

% Saving potential
> 3—8%

IGBC © Confederation of Indian Industry

1: Cement plaster / Gypsum wall board
2: Insulation

3: Brick or concrete wall

4: Interior gypsum or plaster

chu



Autoclaved Aerated Concrete Blocks

s+ AAC blocks

» Composed of fly ash, cement, lime,
Aluminum powder and water

< Unique properties
> Low U value: 0.67 W/m2°k
» Reduction in temp possible : 4-5°C

+ Economic Benefits
> 15-20%0 savings in A/c Load

> Savings in Cement

-7 © Confederation of Indian Industry




Insulation Materials-Relative U-values
(75 mm thick)

+ Glass wool stuffed
> Uvalue: 0.53 W/m2deg K

+ Thermocol
> U-Value : 0.47 W/m2 deg K
% Extruded Polysterene

> U-Value: 0.37 W/m2deg K

% Polyurethane
> U-Value: 0.35 W/m2deg K

s © Confederation of Indian Industry




Bamboo-Crete
U- VALUE (WmK)=1.82

Compressed Stabilized Earth
block wall
U-VALUE (Wm?K)=1.59

Walling Technologies

Wattle and Daub
U- VALUE (W/m K)=2.09

Stabilized Adobe
U- VALUE (Wm?K)=1.50

Laterite block wall
U-VALUE (Wm 2K)=1.61

Unstabilized Adobe

U- VALUE (WmK)=1.57

Unstabili (% ressed
block wall
U-VALUE (WmK)=142

th AAC block wall
U-VALUE (Wm!K)=045

© Confederation of Indian Industry

Unstabilized Rammed Earth
Wall assembly
U-VALUE (WmK)=1.68

stabilized dE Wi
assemb)
U-VALUE (Wm K)=

[cm)

Confederation of Indian Industry



IGBC

Reuse of Debris of AAC Blocks and Concrete




Use of Excavated soil as Alternate Material

IGBC © Confederation of Indian Industry Confederation of Indian Industry
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Envelope measures : Typical saving potential

AAC wall : 3-8 %
Brick wall with 75mm : 3-8 %
extruded polysterene insulation

High Albedo roofing material : 2-3 %

Roof garden :1-2 9%
Low-U glass & glazing : 6-8 %
Thermal break :1-2 9%

Roof insulation (extr.polyst) : 5-6 %

© Confederation of Indian Industry
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Pre Fab Construction

1IGBC © Confederation of Indian Industry Contederation of Indian Indust



IGBC Green Homes Platinum rated - Prefab Homes - Karnataka State Police Housing Corp

ay 9 Y . cn
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Sum-up
Development of ‘Green Procurement Policy’

Capacity building for organization’s staff

Development of
‘Green Procurement Guidelines’

» Incorporate Green specifications

for products and materials

Implementation of Green Procurement

» High Value, High volume and High Impact

Monitor the impact

> Financial Benefits

© Confederation of Indian Industry
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Thank you
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