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Growing Opportunities with Rapid Urbanization

Urban and rural population

India
® Urban ®Rural Urban population by size class of urban settlement
India
M 10 million or more M5 to 10 million M1 to 5 million

500,000 to 1 million 300,000 to 500,0007" Below 300,000

600,000-
m
2 400,000
@
2
= 70 cities
S —
% 49 ci.ti.es 94 cities N . . .
§ 200,000 71 cities Cities, which will contribute over
30 ciies 80% to GDP by 2050, needto be
40 cities . .
Receptive, Innovative, and
Productive to foster sustainable
: 0. growth and ensure a better
1975 2000 2025 2050 1990 2018 2030 quality of living
Year Year

Note: Urban and rural population in the current country.
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GlZ: Tasks Planned with MoHUA

PMAY - Project Objectives

Adequate physical & All weather
social infrastructure hsouing units

Women

l.‘]I'J|JIZI'|'H'I'I."]I]¢'I]|

Better quality of
life for urban poor

Key features of PMAY  -U projects

11.2 million
dwelling units are
being constructed

Problems addressed through
cafeteria approach by mission

+

7.35 lakh
crores
investment

\ 4

10 lakh
occupants in the
EWS/LIG category
benefitting
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About GIZ

A Glzis an international cooperation enterprise for sustainable development which operates worldwide, on a public benefit
basis.

A Gl Zisfully owned by the German Federal Government, Gl Zimplement development programsin partner country onbehalf o
the German Governmentin achievingitsdevelopment policy objectives.

A For over 60 years, theDeutsche Gesellschaft  fiirlnternationale Zusammenarbeit  (GIZ) GmbH has been working

jointly with partners in India for sustainable economic, ecological, and social development. Currently, GIZ has over 330
employees in India, of whom 85 per cent are national personnel.

The Govt. of India has launched several vital initiatives to address national _
issues & GIZ is contributing to some of those significant ones. For instance, it B?%T;tl'r‘f ﬁ]rdeigs
supports vital initiatives like Smart Cities, Skill India etc.

The thematic areas of work for GIZ in India are as follows:
.  Energy

) : - : Energy
lI. Environment, Climate Change & Biodiversity
lll. Sustainable urban & industrial development
IVV. Sustainable economic development
Environment, Sustainable Urban & Sustainable
Climate Change & Industrial Economic

Biodiversity Development Development
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Climate Smart Buildings (CSB)
Establishment of the Cluster Cell in Agartala, Tripura under Global housing Technology
Challenge India (GHTC - India)

The Climate Smart Buildings project intends to address the majority of gaps identified in the affordable housing
sector:

A By introducing of thermal comfort & climate resilience in the Local Government framework through Byelaws is an
overarching objective.

A In order to achieve this objective, activities like documentation of LHP construction process from a sustainability
perspective, knowledge transfer & capacity building through LHPs, performance monitoring & demonstration of
thermal comfort in selected housing projects among others.

State & UTs in East Cluster for establishing the Cell

q
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LHPs will showcase &
deliver ready-to-live
homes with better
quality of
constructionina
sustainable manner.

Government of India

Light House Projects (LHPS)

" LHPs aims introduce

thermal comfort into
the foray of
affordable housing, a
critical design & thus
usability aspect will
be addressed.

LHPs are model housing projects with houses
built with shortlisted alternate technology
suitable to the geo-climatic and hazard
conditions of the region.

' ._LHPs shall serve as

LIVE Laboratories for
different aspects of
Transfer of
technologies to field
application for entire

. building fraternity.

Aim & Concept
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Session 1

UNDERSTANDING
THERMAL COMFORT
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What is Thermal Comfort?

Thermal comfort is the condition of mind
that expresses satisfaction with the
thermal environment.

Temperature /‘/\,\
S
y (

Humidity

Thermal neutrality is maintained when the
heat generated by human metabolism is
allowed to dissipate, thus maintaining
thermal equilibrium with the
surroundings.

Sunlight

Radiant

Environmental factors (such as humidity and
sources of heat in the workplace) combine
_‘_ with personal factors (i.e., clothing) and work -

related factors (how physically demanding
oneds work is) influences the
comfort'.
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You can increase morale and
productivity while also enhancing
health and safety by regulating
thermal comfort. Because their
capacity to make decisions and/or do
manual tasks deteriorates in
excessively hot and cold conditions,
people are more prone to behave
unsafely

Ministry of Housihg‘and Urban Affairs

Government of India

o giz

People adjust their behavior to cope with their
thermal environment, such as by adding or
removing clothing, changing their posture
unconsciously, selecting a heating source,
moving closer to or farther away from
cooling/heating sources,andsoon.

When this option (removing a jacket or moving
away from a heat source) is gone, issues develop
since people are no longer able to adjust. People
are unable to adapt to their environment in some
cases because the environment in which they
work is a product of the processes of the task they
are doing.

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (GIZ) GmbH
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THERMAL COMFORT THERMAL DISCOMFORT THERMAL DISCOMFORT

Heat stress or cold stress, is where the

Broad satisfaction with the Thermal People start to feel uncomfortablei.e. thermal environment will cause
Environment i.e. most people are they are too hot or too cold, b.u_t are not clearly defined harmful medical
neither too hot nor too cold. made unwell by the conditions. conditions, such as dehydration or
frost bite
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Factors affecting Thermal Comfort

PHYSICAL FACTORS PHYSIOLOGICAL FACTORS
(7))
- Mean Radiant Temperature /\ Metabolic Rate - c_g %
®)

—_ = (9p) E
% L Air Temperature Clothing o 6_%
c o _ _
= % Air Speed
=
i ] Humidity
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A1

AAir Temperature
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A2

Avlean Radiant
Temperature

+

A5
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A3

ARadiant Temperature
Asymmetry
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AIR_ TEMPERATURE i the temperature _ of the RADIANT TEMPERATURE i theheatthat
air surrounding abody radiates from a warm object

The ideal temperature for sedentary work is usually Heat can be generated by equipment, which raises the
between temperature in a specific region.

PHYSICAL
FACTORS

AIRVELOCITY i the speed of air moving HUMIDITY
across the worker

It's best if the air flow rate is between

I _the amount of evaporated water
in the air

Air-conditioning can easily attain ideal relative
humidity values of

N /
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PHYSIOLOGICAL FACTORS

CLOTHING LEVEL METABOLIC RATE

Becauseit affects heat loss and, as a result, the thermal
balance, the amount of thermal insulation worn by a
person has a significant impact on themmal comfort.
Layers of insulating clothing keepaperson warm or cause
overheating by preventing heat loss. The better the
insulating ability of a garment, the thicker it is in general.
Air movement and relative humidity can reduce the
insulating effectiveness of clothing, depending on the
type of material it is constructed of.

The rate at which chemical energy is converted into heat
and mechanical effort by metabolic activities within an
organism, commonly measured in units of total body
surface area. People have different metabolic rates that
can fluctuate due to activity level and environmental
conditions..
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T-shirts, shorts, Light socks, Sandals 0.30
Shirt, Trousers socks, Shoes 0.70
Jacket, Blouse, Long skirt, stockings 1.00
Trousers, Vest, JacketCoat, Socks Shoes 1.50

CLOTHING LEVELS & INSULATION
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ACTIVITY
Seated,Relaxed
Sedentary Activity (office, dwelling, school, laboratory)

Standing, Light Activity (shopping, laboratory, light industry)

Standing, Medium activity (shop assistant, domestic work,
machine work)

METABOLIC RATE

Met
1.0
1.2

1.6

2.0
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Thermal Comfort Indices

AThe temperature of still, saturated air at which the same amount of heat is released is known
as the effective temperature.as well as a general influence on comfort the atmosphere is being
1. Effective investigated.

Temperature (ET) ATemperature, humidity, and other factors the same thermal output is produced by the same
wind velocity. A person’'s sensations are assumed to have a temperature that is effective.

Initially two scales were developed
The same effective

Basic Scale Normal Scale of temperature is
Effective Temperature defined as a
THERMAL P combination of
INDICES The other applies to men temperature,
one of which referred to fully clad in indoor humidity, and
tripped to the waist clothing and called the wind velocity that
men stripp ) g } produces the same
and called the basic scale. normal scale of effective thermal experience
temperature. in an individual.
2. Tropical AThe TSlis defined as the temperature of calm air at 50% relative humidity which
sSummer Index imparts the same thermal sensation as the given environment.The 50% level of relative
(TSI) humidity is chosen for this index as it is a reasonable intermediate value for the

prevailing humidity conditions.
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Thermal Comfort Indices

2 - Tropical Summer Index

The TSI is defined as the temperature of calm air at 50% relative humidity which imparts the same thermal sensation as the
given environment .The 50% level of relative humidity is chosen for this index as it is a reasonable intermediate value for
the prevailing humidity conditions.

Mathematically, TSI (°C) is expressed as

TSI=0 .308tw+0.745tg 1 206 Vv 8

Where |,
Tw Wet bulb temperature in °C
Tg Globe temperature in °C

V Air speed in m/s
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Thermal Comfort Indices

The ranges of environmental conditions and TSI covered in this study are:

Globe Temperature 20-42 °C
Wet Bulb Temperature 18-30°C
Air Speed 0-2.5m/s

TSI 1540°C

The thermal comfort of subjects was found to lie between TSI values of 25 and 30C with

optimum conditions at 27.5 °C.

giz

Deutsche Gesellschaft
fur Internationale
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Thermal Comfort Indices
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The warmth of the
environment was found
tolerable between 30 and 34 °C
(TSI), and too hot above this
limit. On the lower side, the

coolness of the environment
was found tolerable between
19 and 25 °C (TSI) and below
19°C (TSI), it was found too
cold.
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Methods to find Thermal Comfort

{ Methods to find Thermal Comfort J

PMV/PPD Methods Local Thermal Discomfort

Radian Temperature

Draft Floor Surface Temperature
Asymmetry
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Methods to find Thermal Comfort

To describe comfort, the
PMV/PPD model was
constructed utilizing heat -
balance equations and
empirical investigations on
skin temperature. Subjects
are asked to rate their
thermal comfort on a seven-
point scale ranging from
cold (-3) to hot (+3) in
standard thermal comfort
surveys.
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Methods to find Thermal Comfort

The comfort zone is determined by the combinations of the six parameters for which
the Predicted Mean Vote (PMV) is within the recommended range (-0.5PMV+0.5),
with the PMV equal to zero denoting thermal neutrality . While anticipating a
population's thermal feeling is a crucial step in determining what conditions are
pleasant, it is more vital to assessvhether individuals will be satisfied.

COOL WARM

lllustrations

One's ability to
concentrate on a given
task may start to drop

off, which increases the

risk of errors occurring
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It is critical to avoid local thermal discomfort, whether it is produced by a vertical air temperature difference between the
feet and the head, an asymmetric radiant field, local convective cooling (draught), or contact with a hot or cold floor. When
a person's thermal sensitivity is cooler than neutral, they are more sensitive to local discomfort, and when their body is
warmer than neutral, they are less sensitive.

LOCAL THERMAL DISCOMFORT

RADIANT
TEMPERATURE DRAFT
ASSYMETRY

FLOOR SURFACE
TEMPERATURE
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A Large variances in the heat radiation of the
surfaces that surround a person might create

s

local discomfort or impair acceptance of the
temperature circumstances.

A The temperature disparities across diverse
surfaces are limited by ASHRAE Standard
55. Because some asymmetries are more
sensitive than others, such as a warm ceiling
against hot and cold vertical surfaces, the
limitations vary depending on which surfaces
are involved.

A The ceiling cannot be more than+5 °C (9.0

°F) warmer than the other surfaces, but a wall
can be up to+23 °C (41 °F) warmer .

RADIANT
TEMPERAT URE DRAFT
ASSYMETRY

FLOOR SURFACE
TEMPERATURE

A 4

(GIZ) GmbH

(&

While air movement can be enjoyable and g
pleasure in some situations, it can also be
unwelcomed and cause discomfort in others.

The undesired air movement is known as
"draught ," andit is most noticeable when the

complete body's thermal sense is cool.

A draught is most likely to be felt on exposed

body regions such as the head, neck, shoulders,
ankles, feet, and legs, although the sensation is

also affected by air speed, air temperature,
activity, and clothing.

N

/

might be uncomfortable. In rooms where users will be
wearing lightweight shoes, ASHRAE 55 advises keeping floor

temperatures between 197 29 °C (661 84 °F).

{ Depending on the footwear |, too hot or too cold floors
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Methods to find Thermal Comfort

There will always be a percentage dissatisfied occupants.
Often it will be the same person, therefore the values should not be added

% - %

A <6 -0.2<PMV<+0.2 <10
<10 -0.5<PMV<+0.5 <20
C <15 -0.7<PMV< +0.7 <30
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needed in India by 2030 have yet to be constructed.
Maintaining the status quo is pointless, and there is a huge opportunity to
properly incorporate passive design strategies across our built environment.

for thermal comfort in buildings can greatly reduce cooling,
ventilation, and lighting requirements

approaches reduces the
generation of surface ozone, resulting in better air quality

Building techniques that are more sensitive will tend to reduce disparities in
thermal comfort between different income classes as more people become aware
of the benefits of
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Impact of Thermall
P y Lower operational costs for the economically weaker

Comfortable Affordable Housing sections

Thermal comfort in housing is one of the key

pill ars to achieve |l ndi ab Nati onal Cool i ng

Action Plan target of reducing cooling energy  Thermal Broader market & outreach for the sustainable material &
comfort technology market

need by 20-40 per cent by 2037-38. _
housing can
have

Overview of affordable housing numerous Social benefits rising from belter comfort conditions like
positive boost in academic performance of kids, improvement in

sector impacts quality of life of the women

households in India current housing

Boost to meet the targets of Paris Agreement & achievement

are estimated to be
living in slums

shortage in Urban
areas

current housing
shortage in Rural
areas

housing shortage in
Rural areas is
mainly in
affordable segment

of sustainable development goal specially number 3, 11 & 13

Better health and well being of the occupants
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Passive Measures & Building Physics
4 N
\ Topographical Level
N Y
4 ) 4 )
Climatic Zone Level Heating/Cooling Heating/Cooling
N Y, y
D
e N
Site Level i1ati
Ventilation Ventilation
Y L )
e R
Block Level
~ J Lighting Lighting
e N
/ Unit Level
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Passive Measures to improve Thermal Comfort
In Affordable Housing

|:|Topographical Level

A Protecting mountains, forests, watersheds, rivers, wetlands, farmlands, coasts and cities against
climate change.

|]Climatic Zone Level

A Designing according to climatic conditions such as temperature, rainfall, wind direction, solar
radiation, humidity etc.

|]Site Level

A To take advantage of the congenial and mitigate the adverse characteristics of the site and its
micro -climatic features.

|| Block Level

A Interaction of block with surrounding ones and vegetation so that it is not deprived of
heating/cooling, ventilation and lighting.

|| Unit Level

A Design strategies at unit level that influences heat, light and ventilation based on climatic
conditions.
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Tropical Level
HAZARD: Loss of life & assels HAzZARD: Asset loss, yield HAZARD: Crop failures and HAZARD: Urban flooding HAZARD: Loss of land,
due to intense wildfires reduction & contamination livestock loss due to drought due o intense rainfall livelihoods, and assets
soLuTION: Forest due to flooding SOLUTION: Agroforestry to soLuTion: Restore due to rising sea levels
management to reduce soLuTION: Restore wetlands make better use of soil walercourses, expand and coastal erosion
risk of super-fires to absorb and filter flood moisture and reduce greenspaces, and soLuTiON: Restore coastal
waters evaporation introduce porous surfaces wetiands, inciuding
, to reduce flood risk enhance engineered
measures
HAZARD: Landslides, soil & ’
loss, and siltation due HAZARD: Reduced or HAZARD: Asset loss, ‘*‘
to intense rainfall intermittent river flow yield reduction & HAZARD- Heat stress
soLuTioN: Protect and due to drought transport disruption due to urban heat
restore forests to soLuTion: Protect and due to flooding istands

MOUNTAINS, :
FORESTS & RIVERS & -
WATERSHEDS WETLANDS FARMLAND CITIES COASTS
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Climatic Zone Level

Best exemplified by vernacular/traditional architectural
typologies that respond to the specific climate of the
region.

Examples:

A Earth architecture with thick walls and small windows
for maximum insulation in Ladakh.

A Courtyard havellis in Rajasthan which leverage
pressure differences and mutual shading for
naturalcooling and ventilation.

A Sloping roofs and to protect from heavy rains in Kerala

Source: University of Waterloo, Tropical Climate Analysis
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Site Level

Reducing O0Heat | sl andbd ef f g
A Building around courtyards/open courts

A Leveraging mutual shading of blocks

A Creating wind passages through site massing
A Reducing hard paving to allow water absorption

A Using complimentary vegetation that control sunlight
penetration through seasonal changes

Source: University of Waterloo, Tropical Climate Analysis
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Site Level: L everaging
Plantations

Appropriate plantation of trees to promote
shading and ventilation can temper extreme
weather to a significant degree.

evergreen tress spaced at a
distance for shading east
' facinsyvalls

1, plantation for funneling
| wind to the building

In Adelaide, a study estimated that districts with trees should be at 2 distancs WP

a dist ._: A . deciduous trees
higher vegetation cover remained cooler by up to O T o Sayighe ,?‘f' Lo solar accessduring

60C during heatwave congitions.

winter alongwith
o 1?3/ deep verandahs on

; ) S,qp- south side for
The image below shows deciduous trees allow sun Woiond Srdcropsudarssd 338 \
penetration in winter and block sun access during west facing walls

summer.

40

w
S

WINTER SUMMER  _~ //
- ¢I
4

v, g

- :
00 [ Z3% 00 )
00 ‘%,‘é oo [ B

——\\ ——\

Source: The Conversation; NZEB
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Block Level

Heating / Cooling Strategies
Arrange blocks such that mutual sharing is achieved, thereby preventing solar heat gains in warm months.

d
Deutsche Gesellschaft
fur Internationale

Zusammenarbeit (GIZ) GmbH
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e

)
4 &—street—
héight
e
—— A == - L

closely placed forms

narrow streets - keep building height to street width ratio minimal

Arrange longer facades along north / south to encourage glare free lighting in summer and maximize solar penetration in winte r.

SR — e —
] ] B s = B I
=5 | O D | -

C— )
g __B

Source: NZEB
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Block Level

Heating / Cooling Strategies

d

giz

Minimize surface area to building volume and perimeter to area ratios in extreme climate zones to minimize

exposure to solar radiation.

Minimize P/A ratio in extreme climates

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (GIZ) GmbH

Increase compactness by reducing surface area for the same volume.

Minimize P/A ratio in extreme climates

)¢ | ‘(l

q—

.

e ¢ [T ¢

Source: NZEB
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Block Level

Heating / Cooling Strategies

Buil dings should be oriented to avoid

——
S e — — ——-‘
> o o i
T — I ——— ™ e
» G - — E— oag .
-—"——- gt ) . ,.5‘
—
- g
— — . ”
L i — 3 — .
- — o —

H 11—+ 8 > B s >
Staggered layout helps in |

If a site has multiple buildings, they should be
accentuating wind movement

arranged in ascending order of their heights
and be built on stilts to allow ventilation

Source: NZEB
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Block Level

Ventilation Strategies

Wind flows can be harnessed by creating variably sized courts and catchment areas. This can enhance ventilation
and serve an overall cooling effect for the blocks.

HIGH PRESSURE
LOW VELOCITY

LOW PRESSURE @ &
HIGH VELOCITY . @

.l
o
-

BULONG SPAONG SUCH THAT AR ALOW 5§ PROMO TED

Source: MaS, SHIP
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Block Level

Lighting Strategies

.
‘ 1 S
-
-j. l
'
P - - > ----a- - - -
. i
' 18
' R
: =3
T £
'
Nolo-‘-w‘-n.olcn-
RULE 1Y RULE 2 RULE 31
Since full Block is optimad, each Any tower should be separated a minimum The tower and pernimeter block height is defined by the street or courtyard width and a range
2o0e a3 2 potential small block is of 45m center the of 2 tower 10 minimise of BRE recommended obstruction angles.
0 optimal, the impact on each other
25 deqg (BRE recommended) . conventional window design will usually give reasonable resuit.
RULE 12 RULE2-2 65 deg (BRE recommended) | it is very difficult to provide adequate daylight, unless very large
Generally, | tower per each 2one Towers should be located at no more 75m windows are used
apart 1o maintain typology efficiency, 50 deg (XKPF recommended): it provides higher denyuty with reasonable solution 10 improve
Additionally, towers should not directly face daylight condition through desigring adequate room Lyout and enlarged windows

each other

Source: ul.kpf.com
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Unit Level
Heating / Cooling
Form and Orientation
I A ?'

A The alteration in solar path affects solar .
radiation penetration patterns during = |
different seasons and consequently, heat [ ol 3 [ Kitchen
gain and loss in a building. G - s Cooking g

A Moderately compact courtyard type | i 4 -4 —— €
internal planning. Lesser exposure to I— i 518
sun on EastWest external walls to | I — S — E
minimize heat gain. WI\_ % | | swee | E E,/g § Winter 4

_ _ S | — N/ ii| bedroom

A Non-habitable rooms (stores, toilets, 8 o |l T e B
etc) can be effectively used as thermal | I
barriers if planned and placed on the T
east and especially, the west end of the e e—— 1 i -
building. 3round fioor plan B

Source: http://www.nzeb.in
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Unit Level
Heating / Cooling ‘?y
Form and Orientation % 7~
A Courtyard Effecti high walls cut off the :> oot coo surtace -
sun, and large areas of the inner e 7.5
surfaces and courtyard floor are shaded hot dusty wind] (- .L~ -
during the day. e ==
A Cooler air, coolersurfacc_as, the earth P B
beneath the courtyard will draw heat 111 cool ground 4 ' | ]
from the surrounding areas, reemitting n,?.;....o.. &
it to the open sky during the night. AN R
P y g g %\ < i ﬁ
Radation |:> cloor sky Night
. ([ =
| | 11
N O,
Conduction through ground

Source: kongsberg
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Heating / Cooling

Form and Orientation

A Thermal mass can be used
with nocturnal convective
cooling or night cooling for
cooling buildings passively.

A Diurnal swing must be high
for thermal mass to be an
effective passive cooling and
heating strategy.

Ministry of Housing and Urban Affairs
Government of India

Unit Level

Deutsche Gesellschaft
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Thermal mass In the solar chimney ™
will warm air during daytime r
M =
— -~ N i —
t etd
|
Y
T - Y+ S - == =) =3
A A
DAYTIME

{eat gain throug ar radiation,
n the therma

anels, heavy weight mass walls

AMBIENT TEMPERATURE

for nocturnal convective cooling

22deg C-25deg C
—
= At night, the chimney can be
neat ' t er air.

1 I I

/J—ff e —_———

NOCTURNAL COOLING
water or out passed thy ¢ Iding at n

1in the the
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Heating / Cooling Unit Level

Cool Roofs

A Thermal emittance (re -radiation of absorbed heat), and solar reflectance of cool roofs is much higher than conventional
roofs, which enables them to prevent solar radiation from being passed on to the interior of a building. Cool roofs
reduce annual air conditioning energy use of a single story building up to 15%

o

, 34°C
Reflected Sunlight Ambient

Temperature
>.7

%

Incident

- Conventional

Sunlight <— ><&5 , cool roof —>
root \

Convection 2 80“C >4 o_c
Emitted Thermal

Radiation > .75 ‘:.';;rv j — ¥ 0
) 34°C 27°C

&

indoor Air Indoor Air
Temperature Temperature
Conduction
Performance of cool roofs can be assessed terms of thermal Cool roofs are able to maintain a temperature differential of
emittance, solar reflectance or Solar Reflectance Index (SRI1), which is a 6-8 deg ceicius between ambient and indoor air temperature due

measure of both emittance and reflectance to high thermal emittance and solar reflectance

Zusammenarbeit (GIZ) GmbH



GLOBAL Deutsche Ges
. eutsche Gesellschaft
) HOUSING T W= -F" I Z fur Internationale
e i /| TECHNOLOGY STATE T - STEd Zusammenarbeit (GIZ) GmbH

Pradhan Manir Awas Yojara-Urtan Ministry of Housing and Urban Affairs
Government of India

CHALLENGE INDIA

Unit Level

Heating / Cooling
Direct Heat Gain

A Sunlight is admitted into the living spaces, directly through
openings or glazed windows, to heat the walls and floors
and thereby the air inside.

A The glazed windows are generally located facing south to
receive maximum sunlight during winter (in northern
hemisphere). They are generally double glazed, with
insulating curtains, to reduce heat loss during night time .

A Glazed corridors and verandahs can also be used to trap
sunlight transfer heat to living / working spaces beyond. At
night these buffers can help retain heat in living area.

Source: https:/www.new -learn.info/packages/clear/thermal/buildings/passive_system/passive heating
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Unit Level

Heating / Cooling
Indirect Heat Gain g, =
‘
A Trombe walls, thick solid walls with vents along with lower o ’ggf Convection
and upper ends, can be used in conjunction with glazing g{ [T
along south facades to have a heating effect on internal air W
circulation. i
;{i‘g Massive wall
Glazin \‘{'
| Glazing - Vejm —
Isolated Heat Gains
A The south facing sunspace can be created with glazing, B
wherein sunlight heats trapped air, and convection enables
it internal circulation.
A H a
| S
Source: Golsal Ozbalta, Turkan & Kartal , Semiha, (2010) ' o
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Water Walls
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Unit Level

A Water walls are based on the same principle as that of the Trombe wall, except that they employ water as the
thermal storage material. Water walls are thermal storage wall made up of drums of water stacked up behind
glazing. It is painted black externally to increase the absorption of radiation . This setup can store more heat than

concrete walls due to higher specific heat.

3

|

GLAZING

SOUTH FACING — & X

20
\ FAN
7
~
o S, 1 v\
» \ =
\ _\‘/
/
V3 s
4 - 4 \
o \ —
) =
> \
> -_—
" -

N Y DRUMS FILLED
| 7~ WITH WATER

/ \ FOR STORING
\ HEAT

Source: NZEB
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Unit Level

Heating / Cooling

Insulation

3,

A Insulation should always be placed on the warmer side of the | ot
envelope. s

Naturally Ventilated
Space

Terrace
A In warm climates, insulation should be installed on the outside T
and in cold climates, on the inside.

—
A Insulation is rated in terms of R -value. Higher R-values denote
better insulation and translate into more energy savings.
T Balcony Air Conditioned Unconditioned
Space Parking Space

A Providing insulation beyond 100mm thickness does not
provide a much further benefitin terms of energy efficiency. T
Provision of the initial 25mm of insulation, provides the -— S

highest incremental energy saving.

A As the insulation material becomes incrementally thicker, the
. . Airconditioned Unconditioned
incremental energy saved becomes smaller and smaller until it Basement Basement

is almost insignificant, especially after an insulating thickness L —
of 100mm onwards.

Source: NZEB



GLOBAL
=\ HOUSING

il | TECHNOLOGY
CHALLENGE INDIA

T = !
ST AT -STER o —
Prathan Mantr Awas Yojana-Urhn Ministry of Housing and Urban Affairs

Government of India

Zusammenarbeit (GIZ) GmbH

.'rF
.'- ‘
. A F—r Deutsche Gesellschaft
A fur Internationale
=S A0
Y " Kk A " F
Y 5

Unit Level

Heating / Cooling

Shading
A Plants like creepers may be used to promote shading.

A Fenestrations and shades /chajjas may be designed to BT
optimize solar radiation as per climate type. NG

Vertical Shading Horizontal Shading

-
r
TR
l.‘
L
=

Source: NZEB
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Unit Level

Heating / Cooling . & ..
Glazing » RS D\ |
A Location, sizing and glazing of windows can be used ]| > § §

judiciously to reducing cooling load, and resultantly,
smaller building cooling systems.

A Achieving a balance between daylight penetration and e s S o
heat gain requires a careful calibration between visual TRANGTIED 4 RERADUATED
and heat transmission qualities of glazing and the I e 3 %
orientation and sizing of opening.

A Reduce Solar Heat Gain Coefficient (SHGC) as less heat | Solar Heat Gin Conficent(SHGO)
will be transferred into the building. '

Solar Radiation

A Reduce the U-Value of glazingand alsolower the SHGC e
except for the cold climate where higher SHGC is Sifess '

recommended. Fe— Visible Light j ——

‘ 3 Uvalue

‘ 4 Ught to Solar Gain Ratio (LSG)

Source: University of Waterloo
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Ventilation
Orientation
ABuildings can be oriented at an

to the prevailing wind direction.

A Buildings that feature a courtyard (in cinemas where cooling is
desired), orienting the courtyar
maximizes wind flow into the courtyard and entrances cross
ventilation in the building.

Creating Pressure Differences

A When wind enters through a smaller opening and exits through a
bi gger opening., thatds a squeez
vacuum which increases wind velocity.

A Total area of openings should be a minimum of 30% of floor area.
A Window -wall-ratio (WWR) should not be more than 60%.

/&

Azadl g,

AmrtMahotsav

giz
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Unit Level

Ventilation au

: -
Openings 5 w ' ’
A Maximum air movementis achieved by keeping the sill £ =1

height at 85% of the critical height.

A Greatest flow per unit area of the opening is achieved by
keeping the inlet and outlet of nearby same sizes at nearly
same levels.

Living zone is the space commonly
used by occupants. Air movement
should be directed through this space.

Stack Ventilation

A Stack ventilation is a form of cross ventilation that
enhances air circulation inside a space by combination of
buoyancy and venturi effect. It is good for cooler
temperatures.

A The lighter warm air rises to escape the building through
window openings at high level and is replaces by coohight
time air or day time air drawn from shaded external areas
from inlets at lower level. inlet openings placed at high level deviate air flow away from the living zone

irrespective of outlet position
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Ventilation

Air Earth Exchanger

A A precooling or preheating system which consists of a pipe or
network of pipes buried at reasonable depth below the ground
surface. It either cools the air by rejecting heat to the ground
or heats the air absorbing heat from the ground. It utilizes the
fact that deep earth temperature remains almost same as the
annual average mean air temperature of the location.

Solar Chimney Wall

A Solar Chimney, on an external wall, enhances stack High tempersture A e
ventilation by providing additional height and well -designed - \
air passages thereby increasing the air pressure differential. 25 N i
- - . - . - - . \\\\ /
A Via solar radiation, the chimneys warm the rising air which T
increases the difference between the temperatures of |
incoming and outflowing air. These measures increases the 8 \ T
. . \ Da r
natural convention and enhance the draw of air through the .l ) e
bU”dlng N / Rephsemont i
— S side of house
i | Vi
]

Source: MaS-SHIP, BEEP
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Unit Level

Ventilation

Directing airflow through openings

A Louvres and shades can be so designed as to direst air in specific directions, while protecting from sun and air.

Source: NZEB
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Unit Level

Ventilation

Positioning of Openings

To encourageample ventilation, openings should be positioned on opposite walls, diagonally acrossrooms.

>X Don’t i

—_————— - -’ -
- - - -
- -

Source: NZEB
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Lighting .
Directional Modifications *‘ ~
A Ambient, glare free light comes from the North, . | I | il

while direct light comes from the south. N Z yA 1 1 ) -
A East/West light has a lot of glare as it is I l / l | - -

generally at a lower angle.

A Orient windows along the east and west facade

such that they are angled toward North/South. [ Verricas Fw STeaTe:

A Alternatively, incorporate fins along East/West

facade windows. J

A Shading is generally not required along North
facades, or only minimal shading interventions
may be necessary.

A Window shades can be used to optimize light

coming from the south.

Source: NZEB I THE "SHADE LINE

L

i
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Thermal Comfort Design for Affordable Housing

Longwave Radiation
(Sky. Eﬂmmuﬂhm] Heat Flux

ohomave Raalabon through Walls

and Roofs
Walls / Roofs
Tmn

Main Modell: Atmosphere (30)
- uvw
- chpuan 1]
Processes at _ ol
- Turbulence E.2
Rooftopsand _ g,
Facades

Vegetation
- Leaf Temperature
- Evaporation / Transpiration
- Shading
3 Natural Surfaces

~Temperature T
- Humidity g

Soil Model (10.30)
- T

- Water Content,

Roof overhangs
can shade from summer sun
while letting in

warming winter rays.

\'/>\

 §

-

Deciduous trees
that lose their leaves
add privacy and shade
when it is most needed.
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Building Orientation Summer

Proper orientation of buildings is Winter

essential to reduce the impact of
unfavorable weather conditions like solar
radiation, driving rain and thunderstorm.

In the house, the rooms shouldbe located
in such a way that the ones frequently
used should be elongated along the east
west dimensions to mitigate heat gain in
summer and alsomaking efficient use of
winter's sun.

Sunset

 Sunrise
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Proper Ventilation

By proper positioning the windows and
opening, air movement can be created in
the rooms.

Walls and vegetation should not be too
close to the building in order to avoid
diversion of wind away from the
openings, thereby reducing air flow
within the building .

If possible, the rooms should be cross
ventilated.

T S
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vented
skylight

airvents gy exhaust  vented
fans downlight ?

gaps

around
doors

' 4

-

V=
gaps between
and around

windows

| 3 -
ﬁ gaps up chimney —

gaps between
walls or ceilings
and cornices

A 4

fixed air
conditioners
and heaters
g construction

wall materials

sz 0 U 0 \ I Y/’ N
gaps between walls gaps between
or floors and skirting boards floorboards
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Shading Devices

The most effective way of improving
thermal comfort is to shadethe windows,
walls and roofs of buildings from direct
solar radiation. The windows can be
internally shadedby using overhangsor a

horizontal projection to block off s u n 0 s

rays completely in summer while letting
in most of them in winter.

The roof of buildings can be shaded
effectively by using removable canvass
which can be used during the daytime
and rolled up during the nighttime to
allow radiative cooling.

Ministry of Housing and Urban Affairs
Government of India
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fur Internationale
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Creation of Microclimate

Trees can be planted to create micro-
climate, i.e., a small-scale climatic
condition at a spot or area or site. The
micro-climate of the adjoining trees can
be explored to provide acool comfortable
environment

The living rooms and other areas which
are frequently usedby inhabitants should
be carefully placed for micro-climate so
that they are comfortable and more
enjoyable and can be used for a longer
length of time.

Ministry of Housing and Urban Affairs
Government of India

giz

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (GIZ) GmbH
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Usage of better
Building Materials

Building materials play a vital role in ;
buildings from the energy efficiency & Bricks
thermal comfort point of view.

Usage of the local building materials from
a specified region not only promotes the
indigenous business but also reduces the
CO2 emission; thereby playing a major
role in creating a better environment for Reinforcement
the occupants of the locality.

Plastic
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Proper
Lighting

Using day light as much as possible will reduce
cooling load becauseday light contains the least
amount of heat per lumen of light. Light
Emitting Diode (LED) can be used as a
replacement of incandescent bulbs and
kerosene lamps becausethey emit heat into the
cooling space

The LEDs have different color spectrum & uses
75% less energy than incandescent bulbs; i t
also cheap and last 10 times longer than the
incandescentbulbs.
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Prevent ‘external environment:
- - temperature
I nflltratlon air movement

humidity > ® |4
rain/show — ‘
Infiltration is a natural phenomenon that SRy _, air leakage
occurs when the pressure on the exterior p = SR D
of a building is higher than the interior, - W
causing outside air leaks through the e .
building envelope from outside to inside. internal environment:
Infiltration can be prevented by sealing occupant activity
the sites of air leaks. This can be achieved = t_emperature
by caulking, weatherizing, good i it air movement
workmanship, and replacing some aged = humidity

parts of buildings. :
alr pressure

Vapor pressure
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Usage of
Light Color Paints

When using colors to reduce the

temperature inside your home, one should
avoid colors that tend to absorb more of
the sunds energy, whi
warmer home. Dark and dull colors have a
tendency to absorb all that heat.

Painting on the walls and roof with light
colors will help in the reduction of heat
gain. Whitewash which can cheaply be
done on walls and roof is an effective way
of reducing heat gain.
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INFOSYS T POCHARAM CAMPUS
HYDERABAD, - ,- P
LOCATION TELANGANA : 'h -y 4
COORDINATES 17N, 78°E
OCCUPANCY TYPE OFFICE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY

PROJECT AREA 27,870 m?
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INFOSYST POCHARAM CAMPUS
- =
Energy efficiency environment
quality

A The Indian Green Building Council
(IGBC) has given Infosys, a worldwide
consulting and technology firm, the
LEED (Leadership in Energy and
Environmental Design) India 'Platinum’
designation for its Software
Development Block 1 (SDB 1) at its
Pocharam site in Hyderabad, India.

A The SDB 1 is the first commercial
building in India to deploy unique
Radiant-cooling technology, setting new
norms for energy efficiency in building
systems design.
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GODREJ PLANT 13 ANNEXE

LOCATION

MUMBAI,
MAHARASHTRA

COORDINATES

OCCUPANCY TYPE

TYPOLOGY

CLIMATE TYPE

PROJECT AREA

1N, 73°E

OFFICET PRIVATE

NEW CONSTRUCTION

WARM AND HUMID

24,443 m?
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GODREJ PLANT 13 ANNEXE

Cll -
IGBC accredited Net Zero Energy Building.

mixed -use office/convention center

IGBC Platinum
grade in the EB (Existing Building)

BEE 5 Star Rating
'Energy Performance Award'

"Excellent Energy Efficient Unit."
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OCCUPANCY TYPE

TYPOLOGY

CLIMATRYPE

PROJECT AREA

OFFICE EDUCATIONAL

NEW CONSTRUCTION

COMPOSITE

9565 n?

4
.: . Deutsche Gesellschaft

=\ HOUSING T A * B _ ‘-r-' IZ fiir Internationale
", R Gt ity of Housing and rkan s Szadics
TR R Government of India - . Ma h otsav
INDIRA PARYAVARAN BHAWAN, MoEF
LOCATION NEW DELHI
COORDINATES 29°N, 7P E

4 ThelIndira Paryavaran Bhawan isnow India's most )
environmentally friendly structure.

were awarded to the project. The

structure has already received accolades, including the MNRE's

Adarsh /GRIHA Award for Outstanding Integration of Renewable

0 Energy Technologies. )
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INDIRA PARYAVARAN BHAWAN, MoEF

net zero criterion

on -site installed high
efficiency solar panels

ample natural light,
shade, landscape to reduce ambient
temperature, and energy  -efficient active
building technologies

EPIV
44kWh/m 2/ yr

Indira
Paryavaran Bhawan utilizes 70% less energy.




Vo .

.F I Z ?gu‘tstche G{eselllschaft
mm-? .. . . Aza d'| K g Zusammenarbeit (G1Z) GmbH
Prathen Man A'.'.‘as\’uianam Ministry of Housing and Urban Affairs a

@ GLOBAL

HOUSING

TECHNOLOGY

CHALLENGE INDIA Government of India A MathEEU
JAQUAR HEADQUARTERS
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LOCATION MANESAR HARYANA
COORDINATES 28°N. 77° E
OCCUPANCY TYPE CORPORATE AND

MANUFACTURING

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE COMPOSITE

PROJECT AREA 48000 m 2
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JAQUAR HEADQUARTERS

anet zero campus
LEED Platinum (USGBC)rating
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ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

LocaTIoN GURUGRAN
COORDINATES 28°N, 76°E
OCCUPANCY TYPE HOSTEL
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 5574 m?
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ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM
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ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM
GURUGRAM
LOCATION HARYANA
COORDINATES 28°N, 76° E
OCCUPANCY TYPE HOSTEL P R LSS
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY

PROJECT AREA 2322 m?
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ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM
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AKSHAY URJA BHAWAN HAREDA
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LocaTIoN PANCHKULA
COORDINATES 30°N, 76° E
OCCUPANCY TYPE OFFICE- PUBLIC
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE COMPOSITE

PROJECT AREA 5100 m?
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AKSHAY URJA BHAWAN HAREDA
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SUN CARRIER OMEGA

LOCATION

BHOPAL M.P.

COORDINATES

OCCUPANCY TYPE

TYPOLOGY

CLIMATE TYPE

PROJECT AREA

23°N, 7P E

OFFICET PRIVATE

NEW CONSTRUCTION

HOT AND DRY

0888 ft 2
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COORDINATES 20° N, 85°E
OCCUPANCY TYPE OFFICE
TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE

PROJECT AREA
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GRIDCO BHUBANESWAR
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GRIDCO BHUBANESWAR
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Lunch Break: 60 minutes
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Session 2

THERMAL COMFORT
STANDARDS
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Existing Standards for improving Thermal Comfort

ot b
ECO-NIWAS SAMHITA 2018 e e 7
(Energy Conservation Building Code for Residential Buildings) Renewable Energy Systems)
PART I: BUILDING ENVELOPE

Handbook of Functional Requirements of i \
Buildings 1987 by BIS o

TS Ry
EEED) Sy
=7

Eco Niwas Samhita Part 1 and Part 2 X

) ISHRAE i Indoor Environmental Quality _ _
Standards 201819 Eco Niwas Samhita 2018 Eco Niwas Samhita 2021

Part 1: Building Envelope Code Compliance and Part 2
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Meeting the standards for Thermal Comfort

ASHRAE standard 55, Thermal Environmental condition for Human Occupancy

4 h
1SO 7726:1998 Ergonomics of the The_rmal En\(lronment_ | Instruments for
measuring Physical quantities
. J
4 )
_ Moderate Thermal Environments i Determination of the PMV and
ISO 7730:1994 PPD Indices and specification of the conditions for Thermal Comfort

N J
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Air Temperature &

— Radiant Temperatures

2

c

®

Q ags

S 2 Ceilings

O c

Ox

oo — Floor Temperature _

s & Daily & Seasonal
20 Changes
B8 | Vertical Temperature

SE Difference

n O

A=

3 Occupant age
é — Drafts (Air Velocity)

Occupant adaptability

—  Secondary Factors
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ASHRAE 55

Human Comfort Range

Winters Summer

68°F to /6°F 74°F to 80°F
60% to 30% RH 60% to 30% RH

- / - /
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Body Regularity Mechanism
DEEP BODY
TEMPfRATU RE
37
39 35
Convection
C;:O?:ggzn Evaporation
Shivl r:n Radiation
B Ic Met bg i Convection
ase etabolls Conduction

Activity




GLOBAL A 7 .-‘:-r H Dgutsche Gesellschaft
HOUSING ST FE UED - ' I Z fir Internationale
TECHNOLOGY ST T o1 o ) _ Azadi Ka Zusammenar bsit (612) BmbH
CHALLENGE INDIA Pradhen Mook v Yo Ut Ministry of Housing and Urban Affairs Amrit Mahotsav

Government of India

Body Regularity Mechanism

The Thermal balance of the body can be shown by following equation, if the heat gain and lost factors are

Met = Metabolism (baseland muscular)

Cnd = Conduction (contact with warm bodies)

Gain
Cnv = Convection (if the air is warmer than skin)
Red-= Radiation (from the sun, the sky and hot bodies)
Cnd = Conduction (contact with cold bodies)
] Cnv = Convection (if the air is cooler than the skin)
0SS

Red = Radiation (to night sky and cold surface)

Evp = Evaporation (of moisture and sweat)

Then Thermal Balance exist whe
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Body Thermal Balance

The body generates heat on a constant basisThe majority of the metabolic processes involved, such as tissue
formation, energy conversion, and muscular effort, are all exothermic. Food ingestion and digestion provide
the energy required, and metabolism refers to the process of converting food into living matter and usable

energy.

METABOLIC HEAT PRODUCTION

BASEL Heat Production of Vegetative, automatic
METABOLISM process
MUSCULAR Heat Production due to consciously controlled

METABOLISM P
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Body Thermal Balance

The body generates heat on a constant basisThe majority of the metabolic processes involved, such as tissue
formation, energy conversion, and muscular effort, are all exothermic. Food ingestion and digestion provide
the energy required, and metabolism refers to the process of converting food into living matter and usable

energy.

METABOLIC HEAT PRODUCTION

BASEL Heat Production of Vegetative, automatic
METABOLISM process
MUSCULAR Heat Production due to consciously controlled

METABOLISM e
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Body Thermal Balancel Heat Loss by Human Body

AThe heat from the body is transferred to the air in contact
with the skin or clothing, which rises and is replaced by

CONVECTION cooler air. Radiation
AFaster air movement, lower temperature, and a higher skin )
temperature all enhance the rate of convective heat loss.
RADIATION AThe temperature of the body surface and the temperature of

the opposing surface affects radiant heat loss.

1 -
Convection =2 = Evaporation

Alt is determined by the temperature difference between the
CONDUCTION body surface and the object with which the body is in direct
touch.

Als determined by evaporation rate, which is influenced by

air humidity (the dryer the air, the faster the evaporation)
EVAPORATION and the amount of moisture available for evaporation. §

APerspiration and sweating cause evaporation, as does Conduction
breathing in the lungs.
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Body Thermal Balancel Heat Loss in Various Thermal Environment

CALM, WARM AIR, MODERATE HUMIDITY: A

I I
Air temperatureis 18 °. In the indoors of IT the
temperature climate temperatu re
of bounding
Air velocity does not exceed 0.25 m/s and surface IS.
sSame as alr

when humidity is 40% to 60%, a person
engaged in sedentary work will easily temperature

dissipate heat as Py
G S GEs
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Body Thermal Balancel Heat Loss in Various Thermal Environment

{ HOT AIR AND CONSIDERABLE RADIATION ]
I I
The Human body Body can gain substantial
temperatureis 37 °.But heat by radiation: Sun,
skin temperatureis31  -34°. radiator, bonfire.
e )

Even if heatloss is small in the above
scenario, evaporation can still occur ifthe
air is suitably dry.

- )

Heat loss via convection steadily declines as air temperature approaches skin temperature, and the
body performs vasomotor adjustments to raise temperature to the higher limit (34°), but once the air
temperature hits this point, there is no more heat loss by convection.
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{ HOT AIR, RADIATION AND APPRECIABLE AIR MOVEMENT ]

/ When the air is hot (equal to or above skin \ / \

temperature), the surrounding objects are hot
(no heat loss by radiation), and when the air is Inadequately planned houses can generate a lethal
humid (less than 100% RH), air movement will condition in which the air is entirely saturated,
speed up evaporation, even though the air there is no air flow, and the air is warmer than the
temperature is higher than skin temperature. skin, resulting in heat stroke.
Moving air constantly replaces saturated air in

the surrounding area. / k /
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Unappreciable air - .
movement (O 0| 25 Humidity is near 100%

[ Airis hot (over34 °.) ]

c

§e

- N

This leads to profuse sweating and §

no evaluation and body At 45°, death is unavoidable. 5

temperature begins to rise. -§

- / =z
4 )

A body temperature of 40° will cause heat stroke.
(Failure in circulation system, followed by rapid

increase in body temperature)
- J

At 41°, coma setsin and death
IS imminent
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Measurements of Thermal Comfort

A Developed in parallel with Ergonomics of the Thermal Environment i Analytical
ASHRAE 55 BSEN ISO 7730 determination and interpretation of thermal comfort
using calculation of the PMV and PPD indices and
A Evaluate and measure the local Thermal comfort criteria
moderate Thermal

Environment

A Extreme Environments
V 1SO 7243:2017
V 1SO 7933: 2004
V ISO/TR 110791993

Ergonomics of the Thermal Environment i

BSEN S0 7 rZe Instruments for measuring Physicalquantities
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General Requirements & Standard Conditions of ASHRAE 55

ﬁSHRAE 55is oriented toward six factors: \

A metabolic rate,

A clothing insulation,
A air temperature,

A radiant temperature,

A air speed, and

Q humidity /
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Compliance with ASHRAE Standard 55

|

The comfort zone is regarded sufficientif at least 80% of its occupants are unlikely to object to the ambient state, implyin g
that the majority are between -0.5 and 0.5 on the PMV scale.

|

Design conditions must maintain the spatial conditions within the acceptable range using one of the methodologies
outlined in section 5 of the standard for building systems to comply with ASHRAE, including

-

"

Natural
ventilation

ventilation systems these systems il sy envelopes
systems

/

(¥

They must also account for all expected conditions (summer and winter, although barring extremes), external and internal
environmental elements, and any essential documents.

Mechanical Combinations of Thermal J
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[ Except in the case of naturally ventilated areas,all of the following documentation is required to comply with

ASHRAE:

@ The operative temperature, humidity, and total interior loads are all specified in the design.
o J
4 )
@ The hours of each seasonal exceedance associated with the outdoor weather percent design conditions

\\ J

4 )
@ The values assumed for comfort parameters (clothing insulation, metabolic rate, indoor airspeed, etc.) at the

L different assumed conditions (i.e., seasonal). )

4 . . . . . . . . )
Local discomfort effects (i.e., if someone sits next to a radiator or right below a cooling vent this can lead to
@ local discomfort although the entire space overall is in thermal equilibrium. These effects can easily be

determined using thermal modeling tools)

( )
@ The system input or output capacity needed to attain the design operative thermal conditions.
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A The adaptive thermal comfort model saves more energy in
buildings that are naturally ventilated when compared to air -
conditioned buildings as residents adjust to wider indoor
temperatures than the peripheral thermal comfort zones
determined by the PMV model.

—Naturally Ventilated (NV)

Mixed Mode (MM)

A IMAC Classifies the Building Ventilation into three types based
on their HVYAC system ranging from naturally ventilated to
complete Air Conditioning

— Air Conditioned (A/C)

Building Ventilation Type
|
|
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IMAC 1 Indian Model for Adaptive Comfort
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A The Indoor operative temperature values for different building types

(NV, MM & A/C) are Pre i Calculated for most Indian cities
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IMAC T Indian Model for Adaptive Comfort

Naturally Ventilated Buildings

A The Occupants in NV buildings are Thermally adapted to the
outdoor temperature of their location.

A The Indoor Operative Temperature of the occupants to stay
thermally comfortable is given by the belove equation.

[ Indoor Operative Temperature (°C) =0.54 x Mean Monthly Outdoor DBT + 12.83 ]

[ Acceptability range for naturally ventilated buildingsis £2.38 °C ]
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IMAC T Indian Model for Adaptive Comfort

Mixed Mode Ventilated Buildings

A The MM Ventilated buildings takes into consideration the combination of natural ventilation
and the availability of air -conditioning when necessary.

A The Occupants in MMV Buildings thermally adapt to the outdoor temperature more than the
A/C buildings & somewhat less adaptive to NV building

A The Indoor Operative temperature for the occupants to stay thermally comfortable is given
by the below equation.

Indoor Operative Temperature ( °C) =0.28 x Mean Monthly Outdoor DBT + 17.87
Acceptability range for Mixed Mode ventilated buildingsis +3.46 °C
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IMAC 1 Indian Model for Adaptive Comfort

AC Buildings 1 Air Temperature based Approach

[ Acceptability range for Air -Conditioned buildingsis +1.5°C ]
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EFFECTS OF
MATERIALS
ON THERMAL COMFORT
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U-Value or Thermal Transmittance (Reciprocal of
R-Value)

is quantified in terms of heat loss and is often U- R+ U+
represented as a Uvalue or R-value in the building sector.
The rate of heat transfer through a structure (which can be a single material
or a composite) divided by the temperature differential across that structure is | —
known as thermal transmittance, also known as R W}} @

W/m 2K is the unit of measurement.

The lower the U-value, the better insulated the structure is.

Workmanship and installation standards can have a significant impact on thermal transmission.

The thermal transmittance can be much higher than desirable if insulation is installed improperly, with gaps and cold bridges .
Thermal transmittance accounts for heat loss by conduction, convection, and radiation

/>o>o>o>o>o\
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U-Value Calculation

U-Value or Thermal Transmittance (Reciprocal of
R-Value)

Thermal transmittance is the rate of heat transfer
through materials

Unit of U value is W/(m?2K)

U=

Where R = Q)

Conductivity (k) is the rate at which heat is transferred
by conduction though material
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Comparative in terms of U-Value
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Conventional Materials vs Local Materials vs Materials used at LHP

MATERIALS U-VALUE MATERILAS U-VALUE MATERIALS U-VALUE
. ConcreteBlock RCC Wall
2 2 2
1 RedBricks (230mm) 2.8 W/m 2K (200mm) 2.8 W/m 2K (150mm) 10.53W/m~?K
Sand Stone
2 Fly Ash Bricks (200mm)  4.28 W/m 2K Blocks 2.6 W/m 2K AAC Blocks 0.77 W/m 2K
(200mm) (200mm)
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INNOVATIVE
TECHNOLOGIES
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Light House Projects

/, LHP serves as LIVE Laboratories for \\
different aspects of Transfer of
technologies to field application, such
as planning, design, production of
components, construction practices,
testing etc. for both faculty and
students, Builders, Professionals of
Private and Public sectors, and other
stakeholders involved in such
construction

Better quality of Houses built with
constructioninae shortlisted alternate
manner technology

guu Im IE EE e e e o o o
- S S e e e e e e

House built with speed,
economy

Green and sustainble
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Light House Projects

Currently the LHPs®6 are being i mpl eme (Ut tar F

Gujarat, Madhya Pradesh, Jharkhand, and Tripura.

These projects will be made up of modern technology and innovative
processes and reduce the construction time and make a more resilient,

affordable, and comfortable house for the poor.
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Light House Projects

Following are the details of Construction Technologies being employed at the Light House Projects selected
under the Global Housing Technology Challenge(GHTC) T India
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Monolithic Tunnel Formwork Technology T LHP Rajkot

In cTunnelForm 6 t e ¢ h pconcretgwalls and slabs are castin one go at site giving monolithic structure
using high-precision, re-usable,roomsi zed, St eel f o TumelFoonrd .mo |l ds cal | e«

dunnelFormdé system uses customized engineered steel for
together and then concreting is done to form a room size module. Several such modules make an apartment.

[ Construction Process

Positioning of the
formwork for the A
Stripping of the %auser vrvitﬁ t?] et day o Installation of
formwork from the pin sl o reinforcement in Concreting
previous day. O the walls and slabs.
electrical and
plumbing services.
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Monolithic Tunnel Formwork Technology 7 LHP Rajkot

Special Features

Facilitating rapid construction
of multiple/ mass modular
units (similar units).

The precise finishing can be
ensured with no plastering
requirement.

Making structure durable with
low maintenance requirement.

The concrete can be designed to
use industrial by-products such

as Fly Ash, Ground granulated Being Box type monolithic
blast furnace slag (GGBS), structure, it is safe against Theuﬁ{g%:;#mgfgr?;rgnoﬁ]ular
Micro silica etc. resulting in horizontal forces (earthquake, c ons%ru - y
improved workability & cyclone etc.) '

durability, while also
conserving natural resource
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Prefabricated Sandwich Panel Systemi LHP Indore

A

A

A

Factory made Prefabricated Sandwich Panel System Is made out of cement or calcium silicate
boards and cement mortar with EPS granules balls, and act as wall panels.
Under this LHP, houses are being constructed using Prefabricated Sandwich Panel System with Pre

Engineered Steel Structural System.
In this systemthe =S Cement Panels  are manufactured at the factory in controlled condition, which

are then dispatched to the site. The panels having tongue and groove are joint together for construction
of the building.

Special Features

The sandwich panels have
light weight material as core
material, which brings
resource efficiency, better
thermal insulation, acoustics
& energy efficiency.

Being dry walling system,
brings speed in construction,
water conservation (no use of

water for curing of walling

components at site).

Being light in weight results
in lower dead load of
building & foundation size.
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Precast Concrete Construction Systeni Precast ComponentsAssembeledat site T LHP Chennai

An already established technology for building construction, Precast concrete construction is a system where the
individual precast components such as walls, slabs, stairs, column, beanetc, of building are manufactured in plant
or casting yard in controlled conditions. The finished components are then transported to site, erected & installed.
The technology provides solution for low rise to high rise buildings, especially for residential and commercial
buildings.

[ The construction process comprises of manufacturing of precast concrete Columns, Beams and Slabs in ste@houlds. ]

Casted components

are then moved to These precast
: Concrete is poured stacking yard where components are
caTghees. ;erlgf&g:ceerge;tth o and compaction of curing is done for installed at site by
required position in concrete is done by requited time and crane and assembled
the moulds shutter/ needle then these through in -situ
' vibrator. components are ready jointing and/or
for transportation and grouting etc.

erection at site.
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Special Features

Nearly all components of
building work are
manufactured in plant/casting
yard & the jointing of
components is done In-situ
leading to reduction in
construction time.

Helps in keeping neat & clean
construction site and dust free
environment.

The controlled factory
environment brings resource
optimization, improved
quality, precision & finish.

Optimum use of water through
recycling.

The concrete can be designed

industrial by -products such as
Fly Ash, Ground granulated
blast furnace slag (GGBFS),
Micro silica etc. resulting in
improved workability &
durability, while also
conserving natural resources.

Use of shuttering & scaffolding
materials is minimal.

Eliminates use of plaster.

All weather construction &
better site organization.
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3D Volumetric concrete construction is the modern method of building by which solid precast concrete
structural modules like room, toilet, kitchen, bathroom, stairs etc. & any combination of these are cast
monolithically in Plant or Casting yard in a controlled condition

Construction Process

Sequential construction in the project here begins with keeping the designed foundation of
the building ready, while manufacturing of precast concrete structural modules are taking
S place at the factory. )

Factory finished Gable end wallls are

building positioned to ROl es Ie el Consecutive floors are
: terminate the sides of placed for structural PR
units/modules are o built in similar
; building. Pre stressed screed thereby
then installed at the : manner to complete
site with the help of __slabs are then Coniectndialitne the structure
installed as flooring elements together. '

wer cranes.
faaenciaes elements.
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Special Features

About 90% of the building work
including finishing is complete in
plant/casting yard leading to
significant reduction in
construction & occupancy time.

The system has minimal material
wastage (saving in material cost),
helps in keeping neat & clean
construction site and dust free
environment.

The controlled factory
environment brings resource
optimization, improved quality,
precision & finish.

Use of Optimum quantity of
water through recycling.

The monolithic casting of walls &
floor of a building module
reduces the chances of leakage.

With smooth surface it eliminates
use of plaster.

All weather construction & better

Use of shuttering & scaffolding _ i
site organization

materials is minimal.
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Light GuageSteel Structural System & Prei engineered Steel Structural Systemi LHP Agartala

uses factory made galvanized light gauge steel
components. 1

The components/sections are produced by cold forming method and assembled as panels at site

forming structural steel framework upto G+3 building.

Construction Process

The sequence of construction comprises of
foundation laying,

fixing of Pre-Engineered Steel Structural System,
fixing of tracks,

| I I
| I | ' |
I I I
I | |
| fixing of wall panels with bracings as required, | I sandwich panels with insulation material in between |
| I
| I
| I

|

| The other options of dry walling components such as! | ST T O GAI SEr 8 SoiFiE

| slab/deck slabs/precast hollow core slabs as

I :
- fixing of flqor panels, dgcklng S_heet, can also be used. I per the need & requirements.
fixing of electrical & plumbing services and

finally fixing of concrete walling panels with light
L weight concrete as infill.
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Light GuageSteel Structural System & Prei engineered Steel Structural Systemi LHP Agartala

Special Features

Fully integrated computerized

High strength to weight ratio. system with Centrally

Due to light weight, significant - Construction being very fast, a
reduction in design earthquake mggrr]?ﬁengﬁlrﬁ;”;,rgln(gg%d typical four storied building Structure being light, does not
forces is achieved. Making it for manufacturing of LGSF can be constructed within one require heavy foundation
safer compared to other sections provide very high month.
structures. Precision & accuracy.

Structural element can be

transported to any place -
ncludng iy areastoremote  STUELIE Can be shifted fom
places easily making it suitable wastage of materials.

for far flung regions including
difficult terrains.

The system is very useful for
post disaster rehabilitation
work.

Steel used can be recycled
multiple times
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The plant manufactured rigid poly -vinyl chloride (PVC) based polymer components serve as a N
permanent stay-in-place finished form -work for concrete walls. i e T
In order to achieve speedier construction, strength and resource efficiency, the composite L

structure with Pre -Engineered Steel Structural System as structural members is being used in .\\ =5 ]
the present project. }

Construction Process

Construction is done in a sequential manner where at first, the Prefabricated PVC Wall panels and PreEngineered Steel
N Structural Sections as per the design are transported to the Site. )

The pre-fabricated

Floor is installed walling panels having
Then, these Sections using decking sheet. provisions of holes for Upon installment of
are erected on the Once the structural services conduits, are wall panels, flooring
prepared foundation frame and floor is fixed along with the and ceiling, the
using cranes and installed and aligned, reinforcement & finishing work is
required connections. wall panels are fixed cavities inside the wall executed.
on decking floor. panels are filled with

concrete.
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PVC Stay in Place Formwork Systeni LHP Lucknow

Special Features

Having formwork already as part of
system, the construction of building is
faster as compared to conventional
buildings. The formwork needs some
support only for alignment purpose.

In case of concrete as filling material, the
curing requirement of concrete is
significantly reduced, thus saving in
precious water resources.

The formwork system does not have
plastering requirement & gives a very
aesthetic look.
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Tea Break : 15 minutes
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Green Buildings - Not New to India
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Green Buildings T Learning from our history

Image Sourcel CIIIGBC
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Green Buildings T Learning from our history

Water body _
’ ’ Image Sourcei CII IGBC
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Green Buildings T Learning from our history

Local materials

Image Sourcei CIIIGBC
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Green Buildings T Learning from our history
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Thick Walls
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Green Buildings T Learning from our history
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The Indian Way

Prithvi (Earth) Sustainable Sites

Jal (Water) Water Efficiency

Agni (Energy) Energy Efficiency

Vayu (Air) Indoor Environmental Quality
Akash (Sky) Daylight, Night Sky Pollution
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Building Sector i Expected Growth

Built Up Area
(Billion Sq. Ft.)

100000 - 6428
7009
80000 - 10008
g
= 60000 -
2
E
40000 - 60823
050
20000 - 730
2000
16300
o -
2005 Year 2030
® Residential ™ Commercial & Office @ Hospitality ™ Retail

Sourcei Climate Works Foundation
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What is a Green Building?

C A green building is one which

Conserves natural
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Why Green Buildings?

Source: UNEP Sustainable Buil ding and Construction Ini tiative 2006
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How Green Buildings are different from Conventional Buildings?
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Data Source: IGBC i rated green buildings
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How Green Buildings are different from Conventional Buildings?
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Data Source: IGBC i rated green buildings
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How Green Buildings are different from Conventional Buildings?

Lighting

Data Source: IGBC 1 rated green buildings



