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Introduction 
MoHUA , GIZ 

& 
Climate Smart Buildings



Cities, which will contribute over
80% to GDP by 2050, need to be
Receptive, Innovative, and
Productive to foster sustainable
growth and ensure a better
quality of living

Growing Opportunities with Rapid Urbanization



GIZ: Tasks Planned with MoHUA

Energy 

Environment, 
Preservation, and 
Sustainable Use of 
Natural Resources

Sustainable Urban 
& Industrial 

Development

Sustainable 
Economic 

Development 

The focal areas of 
Indo -German 
cooperation 
currently are: 

Construction of 
affordable housing in 

Partnership with 
Public & Private 

Sectors

Promotion of 
affordable Housing 

through Credit 
Linked Subsidy

Slum rehabilitation 
with private 

developers using 
land as a resource

Subsidy for 
beneficiary-led 

individual house 
construction/enhanc

ement. (ISSR)

PMAY - Project Objectives

Key features of PMAY -U projects

Problems addressed through 
cafeteria approach by mission

10 lakh 
occupants in the 

EWS/LIG category 
benefitting

11.2 million 
dwelling units are 
being constructed

7.35 lakh 
crores

investment 



About GIZ

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

ÅGIZ is fully owned by theGerman Federal Government, GIZ implement development programsin part ner country on behalf of
theGerman Government in achieving itsdevelopment policy objectives.

ÅFor over 60 years, the Deutsche Gesellschaft fürInternationale 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. 

Thematic Areas 
of GIZ in India

Environment, 
Climate Change & 

Biodiversity

Sustainable Urban & 
Industrial 

Development

Sustainable 
Economic 

Development

Energy

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 
supports vital initiatives like Smart Cities, Skill India etc.  

The thematic areas of work for GIZ in India are as follows:
I. Energy
II. Environment, Climate Change & Biodiversity
III. Sustainable urban & industrial development
IV. Sustainable economic development



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:

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

ÅIn 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.

Arunachal 
Pradesh

Assam Manipur Meghalaya

Mizoram Nagaland Sikkim Tripura

State & UTs in East Cluster for establishing the Cell



Light House Projects (LHPs)

Aim & Concept

LHPs are model housing projects with houses 
built with shortlisted alternate technology 

suitable to the geo-climatic and hazard 
conditions of the region. 

LHPs will showcase & 
deliver ready-to-live 
homes with better 

quality of 
construction in a 

sustainable manner.

LHPs aims introduce 
thermal comfort into 

the foray of 
affordable housing, a 
critical design & thus 
usability aspect will 

be addressed.

LHPs shall serve as 
LIVE Laboratories for 

different aspects of 
Transfer of 

technologies to field 
application for entire 
building fraternity.



Climate Smart Buildings Cells: Work Packages

WP1: Facilitate implementation and 
monitoring of Light House Projects 

(LHPs)

WP 2 : Technical assistance to 
enhance thermal comfort in upcoming 

Demonstration Housing Projects 
(DHPs) and ARHCs (Affordable rental 

housing complexes) and other 
Public/Private housing projects

WP 3: Inclusion of climate resilience 
and thermal comfort requirements in 

building byelaws and Local 
Government framework

WP 4: Capacity development of Govt 
officials and private stakeholders on 

thermal comfort



Tea Break : 15 minutes



Session 1

UNDERSTANDING
THERMAL  COMFORT



What is Thermal Comfort?

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

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

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 
oneôs work is) influences the 'thermal 
comfort'.



1

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

2

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,and so on.

3

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.

Importance of Thermal Comfort



THERMAL ENVIRONMENTS CAN BE DIVIDED LOOSELY INTO THREE BROAD CATEGORIES:

THERMAL COMFORT

Broad satisfaction with the Thermal 
Environment i.e. most people are 

neither too hot nor too cold.

People start to feel uncomfortable i.e. 
they are too hot or too cold, but are not 

made unwell by the conditions.

Heat stress or cold stress, is where the 
thermal environment will cause 
clearly defined harmful medical 

conditions, such as dehydration or 
frost bite

THERMAL DISCOMFORT

THERMAL DISCOMFORT THERMAL DISCOMFORT



Thermal Discomfort can be induced

by a generalized warm or cool discomfort of the body

by an unpleasant chilling or heating of a specific region of the body.



PHYSIOLOGICAL FACTORSPHYSICAL FACTORS

Factors affecting Thermal Comfort
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Å04 Å05 Å06

ÅAir Temperature ÅMean Radiant 
Temperature

ÅRadiant Temperature 
Asymmetry 

Å01 Å02 Å03

PHYSICAL FACTORS



AIR TEMPERATURE ïthe temperature of the
air surrounding a body

The ideal temperature for sedentary work is usually 
between 20ºC and 26ºC

RADIANT TEMPERATURE ïthe heat that 
radiates from a warm object 

Heat can be generated by equipment, which raises the 
temperature in a specific region. 

AIR VELOCITY ïthe speed of air moving 
across the worker

It's best if the air flow rate is between 0.1 and 0.2 
m/s.

HUMIDITY ïthe amount of evaporated water 
in the air

Air -conditioning can easily attain ideal relative 
humidity values of 40 percent to 70 percent . 

PHYSICAL 
FACTORS

PHYSICAL 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 thermal comfort .
Layers of insulating clothing keep a person 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 .

PHYSIOLOGICAL FACTORS



CLOTHING Clo

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

PHYSIOLOGICAL FACTORS



ACTIVITY Met

Seated,Relaxed 1.0

Sedentary Activity (office, dwelling, school, laboratory) 1.2

Standing, Light Activity (shopping, laboratory, light industry) 1.6

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

2.0

METABOLIC RATE

PHYSIOLOGICAL FACTORS



Thermal Comfort Indices

THERMAL 
INDICES 

1. Effective 
Temperature (ET)

2. Tropical 
Summer Index 

(TSI)

ÅThe 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 
investigated. 
ÅTemperature, 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 

Basic Scale
Normal Scale of 

Effective Temperature

one of which referred to 
men stripped to the waist 
and called the basic scale. 

The other applies to men 
fully clad in indoor 

clothing and called the 
normal scale of effective 

temperature. 

The same effective 
temperature is 

defined as a 
combination of 
temperature, 
humidity, and 

wind velocity that 
produces the same 
thermal experience 

in an individual.

ÅThe 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. 



Thermal Comfort Indices

The use of globe temperature reading instead of the air 
temperature reading to make allowance for the radiant 

heat. 

The scale was compiled only for men either seated or 
engaged in light activity.

CORRECTED EFFECTIVE TEMPERATURE 
(CET)
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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 (ºC) is expressed as

Thermal Comfort Indices

TSI = 0 .308tw + 0.745tg ï2.06 ╥ Ȣ

Where ,

Tw Wet bulb temperature in °C

Tg Globe temperature in °C

V Air speed in m/s



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 0-2.5 m/s

TSI 15-40 °C

The thermal comfort of subjects was found to lie between TSI values of 25 and 30°C with 
optimum conditions at 27.5 °C. 

Thermal Comfort Indices



REDUCTION IN TSI VALUE FOR VARIOUS WIND SPEED 

Air Speed (m/s) Decrease in TSI ( °C)

0.5 1.4

1.0 2.0

1.5 2.5

2.0 2.8

2.5 3.2

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.

Thermal Comfort Indices



Methods to find Thermal Comfort

Methods to find Thermal Comfort

PMV/PPD Methods Local Thermal Discomfort

Radian Temperature 
Asymmetry 

Draft Floor Surface Temperature



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.

0

20

40

60

80

100

120

-4 -3 -2 -1 0 1 2 3 4

PPD

PPD

Methods to find Thermal Comfort



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 assesswhether individuals will be satisfied.

Illustrations

Individuals may take 
short cuts to get out of 

cold environments

Employees might not 
wear personal protective 
equipment properly in 

hot environments 
increasing the risks

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

off, which increases the 
risk of errors occurring

-1
SLIGHTLY 

COOL

0
PMV

2
WARM

3
HOT

1

SLIGHTLY 
WARM

-2
COOL

-3
COLD



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 

ASSYMETRY
DRAFT 

FLOOR SURFACE 
TEMPERATURE

Methods to find Thermal Comfort



Å Large variances in the heat radiation of the 

surfaces that surround a person might create 

local discomfort or impair acceptance of the 

temperature circumstances. 

Å 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. 

Å 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 .

Depending on the footwear , too hot or too cold floors 

might be uncomfortable. In rooms where users will be 

wearing lightweight shoes, ASHRAE 55 advises keeping floor 

temperatures between 19ï29 °C (66ï84 °F).

Å While air movement can be enjoyable and give 

pleasure in some situations, it can also be 

unwelcomed and cause discomfort in others. 

Å The undesired air movement is known as 

"draught ," and it is most noticeable when the 

complete body's thermal sense is cool. 

Å 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.

Local Thermal Discomfort

RADIANT 
TEMPERATURE 

ASSYMETRY

FLOOR SURFACE 
TEMPERATURE

DRAFT



CATEGORY PPD 
(PREDICTED PERCENTAGE 

DISSATISFIED)

PMV
(PREDICTED MEAN VOTE)

DR
(DRAUGHT RISK)

% - %

A < 6 -0.2 < PMV < +0.2 < 10

B < 10 -0.5 < PMV < +0.5 < 20

C <15 -0.7 < PMV < +0.7 < 30

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

Methods to find Thermal Comfort



Thermal Comfort in Affordable Housing

70% of the buildings 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.

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

Less reliance on mechanical cooling/heating 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 sustainable building design .



Impact of Thermally 
Comfortable Affordable Housing 

Lower operational costs for the economically weaker 
sections

Broader market & outreach for the sustainable material & 
technology market

Social benefits rising from belter comfort conditions like 
boost in academic performance of kids, improvement in 
quality of life of the women

Boost to meet the targets of Paris Agreement & achievement 
of sustainable development goal specially number 3, 11 & 13  

Better health and well being of the occupants

Thermal comfort in housing is one of the key 
pillars to achieve  Indiaôs National Cooling 
Action Plan target of reducing cooling energy 
need by 20-40 per cent by 2037-38.

Overview of affordable housing 
sector 

80 million
households in India 
are estimated to be 

living in slums

Thermal 
comfort 
housing can 
have 
numerous 
positive 
impacts

20 million
current housing 

shortage in Urban 
areas

40 million
current housing 

shortage in Rural 
areas

70%
housing shortage in 

Rural areas is 
mainly in 

affordable segment

Thermal Comfort in Affordable Housing



PASSIVE 
MEASURES

Site Level

Unit Level

Climatic Zone Level Heating/Cooling

Block Level

Heating/Cooling

Ventilation

LightingLighting

Ventilation

Passive Measures & Building Physics

Topographical Level



Passive Measures to improve Thermal Comfort 
in Affordable Housing

Topographical Level

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

Climatic Zone Level

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

Site Level

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

Block Level              

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

Unit Level

ÅDesign strategies at unit level that influences heat, light and ventilation based on climatic 
conditions.



Tropical Level



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

Examples:

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

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

ÅSloping roofs and to protect from heavy rains in Kerala

Climatic Zone Level

Source: University of Waterloo, Tropical Climate Analysis



Site Level

Reducing óHeat Islandô effect by techniques such as:

ÅBuilding around courtyards/open courts

ÅLeveraging mutual shading of blocks

ÅCreating wind passages through site massing

ÅReducing hard paving to allow water absorption

ÅUsing complimentary vegetation that control sunlight 
penetration through seasonal changes

Source: University of Waterloo, Tropical Climate Analysis



Site Level: Leveraging 
Plantations 

Source: The Conversation; NZEB

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

In Adelaide, a study estimated that districts with 
higher vegetation cover remained cooler by up to 
6ôC during heatwave conditions.

The image below shows deciduous trees allow sun 
penetration in winter and block sun access during 
summer.



Block Level

Heating  / Cooling Strategies

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

Source: NZEB

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



Heating  / Cooling Strategies

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

Source: NZEB

Increase compactness by reducing surface area for the same volume.

Minimize P/A ratio in extreme climates

Block Level



Block Level

Heating  / Cooling Strategies

Buildings should be oriented to avoid creation of ówind shadowsô

Source: NZEB

If a site has multiple buildings, they should be 
arranged in ascending order of their heights 
and be built on stilts to allow ventilation

Staggered layout helps in 
accentuating wind movement



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.

Source: MaS, SHIP



Block Level

Lighting Strategies

Source: ul.kpf.com



Unit Level

Heating / Cooling

Form and Orientation

ÅThe alteration in solar path affects solar 
radiation penetration patterns during 
different seasons and consequently, heat 
gain and loss in a building.

ÅModerately compact courtyard type 
internal planning. Lesser exposure to 
sun on East-West external walls to 
minimize heat gain.

ÅNon-habitable rooms (stores, toilets, 
etc) can be effectively used as thermal 
barriers if planned and placed on the 
east and especially , the west end of the 
building.

Source: http://www.nzeb.in



Heating / Cooling

Form and Orientation

ÅCourtyard Effect ïhigh walls cut off the 
sun, and large areas of the inner 
surfaces and courtyard floor are shaded 
during the day.

ÅCooler air, cooler surfaces, the earth 
beneath the courtyard will draw heat 
from the surrounding areas, reemitting 
it to the open sky during the night.

Unit Level

Source: kongsberg



Unit Level

Heating / Cooling

Form and Orientation

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

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



Heating / Cooling

Cool Roofs

ÅThermal 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% 

Unit Level



Unit Level

Heating / Cooling

Direct Heat Gain

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

ÅThe 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 .

ÅGlazed 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 



Unit Level

Heating / Cooling

Indirect Heat Gain

ÅTrombe walls, thick solid walls with vents along with lower 
and upper ends, can be used in conjunction with glazing 
along south facades to have a heating effect on internal air 
circulation.

Isolated Heat Gains

ÅThe south facing sunspace can be created with glazing, 
wherein sunlight heats trapped air, and convection enables 
it internal circulation.

Source: Golsal Ozbalta, Turkan & Kartal , Semiha, (2010) 



Source: NZEB

Unit Level

Heating / Cooling

Water Walls

ÅWater 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.



Unit Level

Source: NZEB

Heating / Cooling

Insulation

Å Insulation should always be placed on the warmer side of the 
envelope.

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

Å Insulation is rated in terms of R -value. Higher R-values denote 
better insulation and translate into more energy savings.

ÅProviding insulation beyond 100mm thickness does not 
provide a much further benefit in terms of energy efficiency. 
Provision of the initial 25mm of insulation, provides the 
highest incremental energy saving.

ÅAs the insulation material becomes incrementally thicker, the 
incremental energy saved becomes smaller and smaller until it 
is almost insignificant, especially after an insulating thickness 
of 100mm onwards.



Source: NZEB

Heating / Cooling

Shading

ÅPlants like creepers may be used to promote shading.

ÅFenestrations and shades / chajjas may be designed to 
optimize solar radiation as per climate type.

Unit Level



Unit Level

Source: University of Waterloo

Heating / Cooling

Glazing

ÅLocation, sizing and glazing of windows can be used 
judiciously to reducing cooling load, and resultantly, 
smaller building cooling systems.

ÅAchieving a balance between daylight penetration and 
heat gain requires a careful calibration between visual 
and heat transmission qualities of glazing and the 
orientation and sizing of opening.

ÅReduce Solar Heat Gain Coefficient (SHGC) as less heat 
will be transferred into the building.

ÅReduce the U-Value of glazing and also lower the SHGC 
except for the cold climate where higher SHGC is 
recommended.



Ventilation

Orientation

ÅBuildings can be oriented at an angle between 0ô to 30ô with respect 
to the prevailing wind direction.

ÅBuildings that feature a courtyard (in cinemas where cooling is 
desired), orienting the courtyard 45ô from the prevailing wind 
maximizes wind flow into the courtyard and entrances cross 
ventilation in the building.

Creating Pressure Differences

ÅWhen wind enters through a smaller opening and exits through a 
bigger opening., thatôs a squeeze point. This creates a natural 
vacuum which increases wind velocity.

ÅTotal area of openings should be a minimum of 30% of floor area.

ÅWindow -wall-ratio (WWR) should not be more than 60%.

Unit Level



Unit Level

Ventilation

Openings

ÅMaximum air movement is achieved by keeping the sill 
height at 85% of the critical height.

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

Stack Ventilation

ÅStack 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.

Å The lighter warm air rises to escape the building through 
window openings at high level and is replaces by cool night 
time air or day time air drawn from shaded external areas 
from inlets at lower level.



Unit Level
Ventilation

Air Earth Exchanger

ÅA 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

ÅSolar Chimney, on an external wall, enhances stack 
ventilation by providing additional height and well -designed 
air passages thereby increasing the air pressure differential.

ÅVia solar radiation, the chimneys warm the rising air which 
increases the difference between the temperatures of 
incoming and outflowing air. These measures increases the 
natural convention and enhance the draw of air through the 
building.

Source: MaS-SHIP, BEEP



Source: NZEB

Unit Level
Ventilation

Directing airflow through openings

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



Unit Level

Ventilation

Positioning of Openings

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

Source: NZEB



Source: NZEB

Unit Level

Lighting

Directional Modifications

ÅAmbient, glare free light comes from the North, 
while direct light comes from the south.

ÅEast/West light has a lot of glare as it is 
generally at a lower angle.

ÅOrient windows along the east and west façade 
such that they are angled toward North/South.

ÅAlternatively, incorporate fins along East/West 
façade windows.

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

ÅWindow shades can be used to optimize light 
coming from the south.



Thermal Comfort Design for Affordable Housing

Measures

Building 
Orientation

Ventilation

Shading

Microclimat
e Creation

Use of 
better 

building  
materials

Lighting

Infiltration 
Prevention

Light Colour 
Paints



Building Orientation

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

In the house, the rooms should be 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 also making efficient use of 
winter's sun.



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 .



Shading Devices

The most effective way of improving
thermal comfort is to shade the windows,
walls and roofs of buildings from direct
solar radiation . The windows can be
internally shadedby using overhangsor a
horizontal projection to block off sunôs
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.



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 a cool comfortable
environment

The living rooms and other areas which
are frequently used by 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.



Usage of better
Building Materials

Building materials play a vital role in 
buildings from the energy efficiency & 
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 
the occupants of the locality.



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; itôs
also cheap and last 10 times longer than the
incandescent bulbs.



Prevent
Infiltration

Infiltration is a natural phenomenon that 
occurs when the pressure on the exterior 
of a building is higher than the interior, 
causing outside air leaks through the 
building envelope from outside to inside.

Infiltration can be prevented by sealing 
the sites of air leaks. This can be achieved 
by caulking, weatherizing, good 
workmanship, and replacing some aged 
parts of buildings.



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 sunôs energy, which then results into a 
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.



CASE STUDIES



INFOSYS ïPOCHARAM CAMPUS

LOCATION
HYDERABAD,
TELANGANA

COORDINATES 17° N, 78° E

OCCUPANCY TYPE OFFICE

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE HOT AND DRY

PROJECT AREA 27,870 m2

Given the high -standards in terms of building design achieved 
at the SDB1 in Hyderabad, it has now been showcased in the 

'Best Practices Guide for High Performance Indian Office 
Buildings' by Lawrence Berkeley National Lab, a U.S. 

Department of Energy (DoE) National Laboratory.



Å 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.

Å 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.

It has been built keeping in mind a holistic approach to 
sustainability in five key areas

Sustainable site development

Energy efficiency Materials selection

Water savings

Indoor 
environment 

quality

EPI ï
75kWh/m 2/ yr

INFOSYS ïPOCHARAM CAMPUS



GODREJ PLANT 13 ANNEXE

LOCATION
MUMBAI, 

MAHARASHTRA

COORDINATES 19° N, 73° E

OCCUPANCY TYPE OFFICE ïPRIVATE

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE WARM AND HUMID

PROJECT AREA 24,443 m2



GODREJ PLANT 13 ANNEXE

The Plant 13 Annexe Building at Godrej & Boyce (G&B) 
in Mumbai has been designated as India's first CII -
IGBC accredited Net Zero Energy Building.

Its mixed -use office/convention center (with 
office spaces, conference and meeting rooms, 
auditoriums (90 to 250 seats), banquet hall, 300 -
person eating facilities, and an industrial kitchen), 
making certification extremely difficult.

In 2015, the building received an IGBC Platinum 
grade in the EB (Existing Building) category, 
which was recertified in 2019. In 2016, it was also 
awarded the BEE 5 Star Rating . In 2019, he received 
the 'Energy Performance Award' for meticulous 
energy measuring and monitoring. At the CII National 
Energy Management Award event in 2020, it was 
named "Excellent Energy Efficient Unit."

EPI ï
75kWh/m 2/ yr



INDIRA PARYAVARAN BHAWAN, MoEF

LOCATION NEW DELHI

COORDINATES 29° N, 77° E

OCCUPANCY TYPE OFFICE& EDUCATIONAL

TYPOLOGY NEW CONSTRUCTION

CLIMATETYPE COMPOSITE

PROJECT AREA 9565 m2

The Indira Paryavaran Bhawan is now India's most 
environmentally friendly structure. GRIHA 5 Star and LEED 

Platinum certifications were awarded to the project. The 
structure has already received accolades, including the MNRE's 

Adarsh /GRIHA Award for Outstanding Integration of Renewable 
Energy Technologies.



The project team focused on measures for lowering 
energy demand, such as ample natural light, 

shade, landscape to reduce ambient 
temperature, and energy -efficient active 

building technologies

To reach net zero criterion , several energy saving 
measures were implemented to lower the building's 
energy loads, with the residual demand being satisfied 
by producing energy from on -site installed high 
efficiency solar panels . 

When compared to a conventional building, Indira 
Paryavaran Bhawan utilizes 70% less energy.
The project used green building principles, such as 
water conservation and optimization through site waste 
water recycling.

The new office building for the Ministry of Environment and 
Forest (MoEF), Indira ParyavaranBhawan, is a significant 

departure from traditional architectural design

EPI ï
44kWh/m 2/ yr

Renewable Energy Integration 930 kW PV 
panels with a total area of 4650m 2 for on -
site generation, tilted at 23º facing south 
to generate equivalent to 70kWh/m 2/ yr

INDIRA PARYAVARAN BHAWAN, MoEF



JAQUAR HEADQUARTERS

LOCATION MANESAR HARYANA

COORDINATES 28° N, 77° E

OCCUPANCY TYPE
CORPORATE AND 
MANUFACTURING

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE COMPOSITE

PROJECT AREA 48000 m 2



JAQUAR HEADQUARTERS

The building is a perfect blend of modern design sensibilities, biophilic inspiration, and a brand ambition of 
soaring high.

The Jaguar Headquarters in Manesar is not only a stunning 
structure, but also a painstakingly constructed complex with 
cutting -edge technology that has resulted in a net zero campus 
with a LEED Platinum (USGBC) rating . This project is known 
for its complex organic design and space arrangement, making it a 
visual pleasure.

Through its characteristic wing -shaped architecture, the 
design redefines a business workplace by giving it a 
memorable experience. The spreading wings of a symbolic 
eagle, poised to take flight, are atop the horizontal glass 
edifice, suggesting a firm with worldwide ambitions.



ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

LOCATION
GURUGRAM 
HARYANA

COORDINATES 28° N, 76° E

OCCUPANCY TYPE HOSTEL

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE HOT AND DRY

PROJECT AREA 5574 m2



ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

The goal of the design process was to increase student 
interaction within the indoor areas, which then spilled 
outdoors and interacted with the surrounding landscape. 

On the south and north facades, the linear block was twisted to create a 
shaded entry (summer court) and an open terrace (winter court), 
respectively, to stimulate activities at all times of the day and season. The 
ramp serves as a buffer between the hot outdoors and the cooler interior, 
preventing kids from experiencing heat shock.



ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM

LOCATION
GURUGRAM 
HARYANA

COORDINATES 28° N, 76° E

OCCUPANCY TYPE HOSTEL

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE HOT AND DRY

PROJECT AREA 2322 m2



ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM

Indoor and outdoor spaces that connect physically and 
aesthetically at different levels to encourage interactions and social 
activities are incorporated into the building's plan.

The entrance foyer and lobby were planned as outdoor spaces 
facing west and connected to the pantry so that students can enjoy 
their nights outside with a spill -out into the green landscape.



AKSHAY URJA BHAWAN HAREDA

LOCATION
PANCHKULA 

HARYANA

COORDINATES 30° N, 76° E

OCCUPANCY TYPE OFFICE - PUBLIC

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE COMPOSITE

PROJECT AREA 5100 m2



AKSHAY URJA BHAWAN HAREDA

Zones are created based on the intended temperature set points. 25 1 °C for 
apex offices, 25 3 °C for regulated office and public areas, and 25 5 °C for 
passive zones.

In the summer, controlled zones are cooled, and in the monsoon, they 
are chilled. In the summer, passive zones are cooled, while in the 
monsoon, they are aired. The centre atrium has a mist system for 
cooling the controlled and passive zones. Water that has been chilled to 
a temperature of 15°C.

Mechanical air conditioning is used to guarantee thermal comfort in apical zones at all times.



SUN CARRIER OMEGA

LOCATION BHOPAL M.P.

COORDINATES 23° N, 77° E

OCCUPANCY TYPE OFFICE ïPRIVATE

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE HOT AND DRY

PROJECT AREA 9888 ft 2



GRIDCO BHUBANESWAR

LOCATION BHUBANESWAR.

COORDINATES 20° N, 85° E

OCCUPANCY TYPE OFFICE

TYPOLOGY NEW CONSTRUCTION

CLIMATE TYPE WARM AND HUMID

PROJECT AREA 15,793.5 m2



GRIDCO BHUBANESWAR

The structure encourages natural light and screen radiation. It would feature 
photovoltaic glass panels and geothermal cooling systems strategically 
placed, as well as indigenous solar producing technologies, to ensure that it 
is self-sustaining.

Rainwater can be collected, purified, and utilised as drinkable water. 
Grey water that has been treated can be reused for flushing and 
landscape irrigation.

The structure was created using computer simulation to determine how long direct sunshine or radiation was 
tolerable for human habitat based on the sun -path of Bhubaneswar.



Lunch Break : 60 minutes



Session 2

THERMAL  COMFORT 
STANDARDS



Existing Standards for improving Thermal Comfort

Eco Niwas Samhita 2018
Part 1: Building Envelope

Eco Niwas Samhita 2021
Code Compliance and Part 2

ASHRAE - 55

National Building Code - 2016

Handbook of Functional Requirements of 
Buildings 1987 by BIS

Eco Niwas Samhita Part 1 and Part 2

ISHRAE ïIndoor Environmental Quality 
Standards  2018-19



ASHRAE 55

Meeting the standards for Thermal Comfort

ASHRAE standard 55, Thermal Environmental condition for Human Occupancy

Ergonomics of the Thermal Environment ïInstruments for 
measuring Physical quantities

Moderate Thermal Environments ïDetermination of the PMV and 
PPD Indices and specification of the conditions for Thermal Comfort

ISO 7726:1998

ISO 7730:1994



ASHRAE 55
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Air Temperature & 
Humidity

Radiant Temperatures

Floor Temperature

Vertical Temperature 
Difference

Drafts (Air Velocity)

Secondary Factors

Walls

Ceilings

Daily & Seasonal 
Changes

Occupant age

Occupant adaptability



ASHRAE 55

Human Comfort Range

Most Humans are 
comfortable under 

this conditions

Winters Summer

74°F to 80°F
60% to 30% RH 

68°F to 76°F
60% to 30% RH 



Body Regularity Mechanism

Convection
Conduction
Radiation
Shivering

Basel ςMetabolism 
Activity 

Evaporation
Radiation

Convection
Conduction

39º

37º

35º

DEEP BODY 
TEMPERATURE



Body Regularity Mechanism

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

Gain

Met = Metabolism (baseland muscular)

Cnd = Conduction (contact with warm bodies) 

Cnv = Convection (if the air is warmer than skin)

Red -= Radiation (from the sun, the sky and hot bodies) 

Loss

Cnd = Conduction (contact with cold bodies)

Cnv = Convection (if the air is cooler than the skin)

Red = Radiation (to night sky and cold surface)

Evp = Evaporation (of moisture and sweat)

Then Thermal Balance exist when:
Met ïEvp + Cnd + Cnv + Red = 0



Body Thermal Balance

The body generates heat on a constant basis. The 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

Heat Production of Vegetative, automatic 
process

Heat Production due to consciously controlled 
work

BASEL 
METABOLISM

MUSCULAR 
METABOLISM



Body Thermal Balance

The body generates heat on a constant basis. The 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

Heat Production of Vegetative, automatic 
process

Heat Production due to consciously controlled 
work

BASEL 
METABOLISM

MUSCULAR 
METABOLISM



Body Thermal Balance ïHeat Loss by Human Body

ÅThe heat from the body is transferred to the air in contact 
with the skin or clothing, which rises and is replaced by 
cooler air.
ÅFaster air movement, lower temperature, and a higher skin 

temperature all enhance the rate of convective heat loss.

CONVECTION

ÅThe temperature of the body surface and the temperature of 
the opposing surface affects radiant heat loss.

RADIATION

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

CONDUCTION

ÅIs determined by evaporation rate, which is influenced by 
air humidity (the dryer the air, the faster the evaporation) 
and the amount of moisture available for evaporation.
ÅPerspiration and sweating cause evaporation, as does 

breathing in the lungs.

EVAPORATION



Body Thermal Balance ïHeat Loss in Various Thermal Environment 

CALM, WARM AIR, MODERATE HUMIDITY:

Air temperature is 18 º .
In the indoors of 

temperature climate

Air velocity does not exceed 0.25 m/s and 
when humidity is 40% to 60%, a person 

engaged in sedentary work will easily 
dissipate heat as  

By Radiation ï
45%

By Convection ï
30%

By Evaporation ï
20%

If the 
temperature 
of bounding 

surface is 
same as air 

temperature



Body Thermal Balance ïHeat Loss in Various Thermal Environment 

HOT AIR AND CONSIDERABLE RADIATION

The Human body 
temperature is 37 º . But 

skin temperature is 31 -34 º .

Even if heat loss is small in the above 
scenario, evaporation can still occur if the 

air is suitably dry.

Body can gain substantial 
heat by radiation: Sun, 

radiator, bonfire.

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 (34º), but once the air 

temperature hits this point, there is no more heat loss by convection.



Body Thermal Balance ïHeat Loss in Various Thermal Environment 

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 

humid (less than 100% RH), air movement will 

speed up evaporation, even though the air 

temperature is higher than skin temperature. 

Moving air constantly replaces saturated air in 

the surrounding area.

Inadequately planned houses can generate a lethal 

condition in which the air is entirely saturated, 

there is no air flow, and the air is warmer than the 

skin, resulting in heat stroke.



Body Thermal Balance ïHeat Loss in Various Thermal Environment 

SATURATED STILL AIR, ABOVE BODY TEMPERATURE

At 41º, coma sets in and death 
is imminent

This leads to profuse sweating and 
no evaluation and body 

temperature begins to rise.
At 45º, death is unavoidable. 

Air is hot (over 34 º .)
Unappreciable air 

movement (Ò 0.25 m/s)Humidity is near 100%
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A body temperature of 40º will cause heat stroke. 
(Failure in circulation system, followed by rapid 

increase in body temperature)



Measurements of Thermal Comfort 

Å Developed in parallel with
ASHRAE 55

Å Evaluate and measure the
moderate Thermal
Environment

Å Extreme Environments

V ISO 7243:2017

V ISO 7933: 2004

V ISO/TR 11079:1993

Ergonomics of the Thermal Environment ïAnalytical 
determination and interpretation of thermal comfort 
using calculation of the PMV and PPD indices and 
local Thermal comfort criteria

Ergonomics of the Thermal Environment ï
Instruments for measuring Physical quantities

BS EN ISO 7730

BS EN ISO 7726



General Requirements & Standard Conditions of ASHRAE 55

Ç ASHRAE 55 specifies conditions for acceptable thermal environments and is intended for use in 

design, operation, and commissioning of buildings and other occupied spaces.

Ç specifies a certain percentage of occupants as acceptable, as well as the thermal environment values 

associated with that number.

ASHRAE 55 is oriented toward six factors:

Å metabolic rate, 

Å clothing insulation, 

Å air temperature, 

Å radiant temperature, 

Å air speed, and 

Å humidity



Compliance with ASHRAE Standard 55

The comfort zone is regarded sufficient if at least 80% of its occupants are unlikely to object to the ambient state, implying 
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 

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 
ventilation systems

Combinations of 
these systems

Control systems
Thermal 

envelopes



Needed Thermal Comfort Compliance Documentation

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.

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 hours of each seasonal exceedance associated with the outdoor weather percent design conditions

The values assumed for comfort parameters (clothing insulation, metabolic rate, indoor airspeed, etc.) at the 
different assumed conditions (i.e., seasonal).

The system input or output capacity needed to attain the design operative thermal conditions.

1

2

3

4

5



IMAC ïIndian Model for Adaptive Comfort 

Å 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.

Å IMAC Classifies the Building Ventilation into three types based 
on their HVAC system ranging from naturally ventilated to 
complete Air Conditioning
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Naturally Ventilated (NV)

Mixed Mode (MM)

Air Conditioned (A/C)



IMAC ïIndian Model for Adaptive Comfort 

Å The Standard Classification is based on the ADAPTIVE Thermal 

Comfort model which differentiate the thermal tolerance of occupants 

accustomed to monotonic temperature (such as air-conditioned places) 

and people habituated to variation in internal temperatures (such as 

naturally ventilated structures)

Å The Indoor operative temperature values for different building types 
(NV, MM & A/C) are Pre ïCalculated for most Indian cities



IMAC ïIndian Model for Adaptive Comfort 

Naturally Ventilated Buildings

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

Å 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 buildings is ± 2.38 °C



IMAC ïIndian Model for Adaptive Comfort 

Mixed Mode Ventilated Buildings

Å The MM Ventilated buildings takes into consideration the combination of natural ventilation 

and the availability of air -conditioning when necessary.

Å The Occupants in MMV Buildings thermally adapt to the outdoor temperature more than the 

A/C buildings & somewhat less adaptive to NV building

Å 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 buildings is ± 3.46 °C



IMAC ïIndian Model for Adaptive Comfort 

AC Buildings ïAir Temperature based Approach

Indoor Operative Temperature ( °C) = 0.078 x Mean Monthly Outdoor DBT + 23.25

Acceptability range for Air -Conditioned buildings is ± 1.5°C



EFFECTS OF 
MATERIALS 

ON THERMAL COMFORT



U-Value or Thermal Transmittance 

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

Thermal performance is quantified in terms of heat loss and is often 

represented as a U-value 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 U-value. 

Å W/m 2K is the unit of measurement. 
Å The lower the U-value, the better insulated the structure is. 
Å Workmanship and installation standards can have a significant impact on thermal transmission.
Å The thermal transmittance can be much higher than desirable if insulation is installed improperly, with gaps and cold bridges . 
Å Thermal transmittance accounts for heat loss by conduction, convection, and radiation



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/(m²K)

U = 

Where R = 

Conductivity (k) is the rate at which heat is transferred 
by conduction though material



Comparative in terms of U-Value

150 mm RCC (No plaster) ïU 
Value 3.77 W/m 2K

200 mm Solid Concrete Block with 
15 mm plaster on both sides ïU 

Value 2.8 W/m 2K

230 mm Brick with 15 mm plaster 
on both sides U Value 1.72 - 2.24 

W/m 2K

200 mm Autoclaved Aerated 
Concrete (AAC) with 15 mm 

plaster on both side U Value 0.77
W/m 2K

300 mm Autoclaved Aerated 
Concrete (AAC) with 15 mm

plaster on both sides U Value 0.54
W/m 2K



Conventional Materials vs Local Materials vs Materials used at LHP

Sr. No.
CONVENTIONAL MATERIALS LOCAL MATERIALS MATERIALS USED AT LHP

MATERIALS U-VALUE MATERILAS U-VALUE MATERIALS U-VALUE

1 Red Bricks (230mm) 2.8 W/m 2K
ConcreteBlock 

(200mm)
2.8 W/m 2K

RCC Wall 
(150mm)

10.53 W/m 2K

2 Fly Ash Bricks (200mm) 4.28 W/m 2K
Sand Stone

Blocks 
(200mm)

2.6 W/m 2K
AAC Blocks 
(200mm)

0.77 W/m 2K



Session 3

INNOVATIVE 
TECHNOLOGIES



Light House Projects 

Objective of Light 
House projects is to  

demonstrate and deliver 
ready to live houses

Houses built with 
shortlisted alternate 

technology

House built with speed, 
economy

Green and sustainble

Better quality of 
construction in a e 

manner

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



Light House Projects 

Currently the LHPsô are being implemented in six states (Uttar Pradesh, 

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.

Under Global Housing Technology Challenge (GHTC) ïIndia. 



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)ïIndia

Monolithic Concrete 
Construction using 
Tunnel Formwork

ÅLHP Location: Rajkot, 
Gujarat
ÅNo. of Houses: 1144

Prefabricated 
Sandwich Panel 

System

ÅLHP Location: 
Indore, Madhya 
Pradesh
ÅNo. of Houses: 1024

Precast Concrete 
Construction 

System ïPrecast 
Components 

Assembled at Site

ÅLHP Location:  
Chennai, Tamilnadu
ÅNo. of Houses: 1152

Precast Concrete 
Construction 
System ï3D 
Volumetric

ÅLHP Location: 
Ranchi, Jharkhand
ÅNo of Houses: 1008

Light Gauge Steel 
Structural System & 

Pre -engineered 
Steel Structural 
SystemAgartala, 

Tripura

ÅLHP Location: 
Agartala, Tripura
ÅNo of Houses: 1000

PVC Stay in Place 
Formwork System

ÅLHP Location: 
Lucknow, Uttar 
Pradesh
ÅNo of Houses: 1040



Monolithic Tunnel Formwork Technology ïLHP Rajkot

In óTunnelForm ô technology, concrete walls and slabs are cast in one go at site giving monolithic structure 

using high-precision, re-usable, room-sized, Steel forms or molds called óTunnelFormô. 

óTunnelFormô system uses customized engineered steel formwork consisting of two half shells which are placed 

together and then concreting is done to form a room size module. Several such modules make an apartment.

Stripping of the 
formwork from the 

previous day.

Positioning of the 
formwork for the 
current dayôs 

phase, with the 
installation of 
mechanical, 

electrical and 
plumbing services.

Installation of 
reinforcement in 

the walls and slabs.
Concreting

Construction Process



Monolithic Tunnel Formwork Technology ïLHP Rajkot

Facilitating rapid construction 
of multiple/ mass modular 

units (similar units).

Making structure durable with 
low maintenance requirement.

The precise finishing can be 
ensured with no plastering 

requirement.

The concrete can be designed to 
use industrial by-products such 
as Fly Ash, Ground granulated 

blast furnace slag (GGBS), 
Micro silica etc. resulting in 

improved workability & 
durability, while also 

conserving natural resource

Being Box type monolithic 
structure, it is safe against 

horizontal forces (earthquake, 
cyclone etc.)

The large number of modular 
units bring economy in 

construction.

Special Features



Prefabricated Sandwich Panel System ïLHP Indore

Å 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. 

Å Under this LHP, houses are being constructed using Prefabricated Sandwich Panel System with Pre-

Engineered Steel Structural System.

Å In this system the EPS 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.

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

water for curing of walling 
components at site).

The sandwich panels have 
light weight material as core 

material, which brings 
resource efficiency, better 

thermal insulation, acoustics 
& energy efficiency.

Being light in weight results 
in lower dead load of 

building & foundation size.

Special Features



Precast Concrete Construction System ïPrecast Components Assembeledat site  ïLHP 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, beam etc, 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 steel moulds.

The reinforcement 
cages are placed at the 

required position in 
the moulds.

Concrete is poured 
and compaction of 
concrete is done by 

shutter/ needle 
vibrator.

Casted components 
are then moved to 

stacking yard where 
curing is done for 
requited time and 

then these 
components are ready 
for transportation and 

erection at site.

These precast 
components are 

installed at site by 
crane and assembled 

through in -situ 
jointing and/or 

grouting etc.



Precast Concrete Construction System ïPrecast Components Assembeledat site  ïLHP Chennai 

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.

The controlled factory 
environment brings resource 

optimization, improved 
quality, precision & finish.

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.

Eliminates use of plaster.

Helps in keeping neat & clean 
construction site and dust free 

environment.

Optimum use of water through 
recycling.

Use of shuttering & scaffolding 
materials is minimal.

All weather construction & 
better site organization.

Special Features



Precast Concrete Construction System ï3D Volumetric ïLHP Ranchi

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 

place at the factory.

Factory finished 
building 

units/modules are 
then installed at the 
site with the help of 

tower cranes.

Gable end walls are 
positioned to 

terminate the sides of 
building. Pre stressed

slabs are then 
installed as flooring 

elements.

Rebar mesh is finally 
placed for structural 

screed thereby 
connecting all the 

elements together.

Consecutive floors are 
built in similar 

manner to complete 
the structure.

Construction Process 

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



Precast Concrete Construction System ï3D Volumetric ïLHP Ranchi

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 controlled factory 
environment brings resource 

optimization, improved quality, 
precision & finish.

With smooth surface it eliminates 
use of plaster.

The monolithic casting of walls & 
floor of a building module 

reduces the chances of leakage.

The system has minimal material 
wastage (saving in material cost), 

helps in keeping neat & clean 
construction site and dust free 

environment.

Use of Optimum quantity of 
water through recycling.

Use of shuttering & scaffolding 
materials is minimal.

All weather construction & better 
site organization



Light GuageSteel Structural System & Pre ïengineered Steel Structural System ïLHP Agartala

Light Gauge Steel Frame (LGSF) System uses factory made galvanized light gauge steel 

components. 

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, 

fixing of wall panels with bracings as required, 

fixing of floor panels, decking sheet, 

fixing of electrical & plumbing services and 

finally fixing of concrete walling panels with light 
weight concrete as infill.

The other options of dry walling components such as 

sandwich panels with insulation material in between 

can also be used.

Similarly, the floors can either by composite 

slab/deck slabs/precast hollow core slabs as 

per the need & requirements.



Light GuageSteel Structural System & Pre ïengineered Steel Structural System ïLHP Agartala

High strength to weight ratio. 
Due to light weight, significant 
reduction in design earthquake 

forces is achieved. Making it 
safer compared to other 

structures.

Fully integrated computerized 
system with Centrally 

Numerical Control (CNC) 
machine primarily employed 
for manufacturing of LGSF 
sections provide very high 

Precision & accuracy.

Construction being very fast, a 
typical four storied building 

can be constructed within one 
month.

Structure being light, does not 
require heavy foundation

Structural element can be 
transported to any place 

including hilly areas to remote 
places easily making it suitable 
for far flung regions including 

difficult terrains.

Structure can be shifted from 
one location to other without 

wastage of materials.

Steel used can be recycled 
multiple times

The system is very useful for 
post disaster rehabilitation 

work.

Special Features



PVC Stay in Place Formwork System ïLHP Lucknow
Å The plant manufactured rigid poly -vinyl chloride (PVC) based polymer components serve as a 

permanent stay-in-place finished form-work for concrete walls. 
In order to achieve speedier construction, strength and resource efficiency, the composite 
structure with Pre -Engineered Steel Structural System as structural members is being used in 
the present project.

Construction Process 

Then, these Sections 
are erected on the 

prepared foundation 
using cranes and 

required connections.

Floor is installed 
using decking sheet. 
Once the structural 
frame and floor is 

installed and aligned, 
wall panels are fixed 

on decking floor.

The pre-fabricated 
walling panels having 
provisions of holes for 
services conduits, are 
fixed along with the 

reinforcement & 
cavities inside the wall 
panels are filled with 

concrete.

Upon installment of 
wall panels, flooring 

and ceiling, the 
finishing work is 

executed.

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



PVC Stay in Place Formwork System ïLHP Lucknow

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.

Special Features



Tea Break : 15 minutes
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GREEN BUILDINGS



Green Buildings - Not New to India



Green Buildings ïLearning from our history

Courtyard

Ç Effective ventilation

Image SourceïCII IGBC

Rediscovery of the Indian Ethos



Green Buildings ïLearning from our history

Ç Rainwater Harvesting

Image SourceïCII IGBC

Rediscovery of the Indian Ethos

Water body



Green Buildings ïLearning from our history

Ç Utilization of indigenous materials

Image SourceïCII IGBC

Rediscovery of the Indian Ethos

Local materials



Green Buildings ïLearning from our history

Ç Efficient Building Envelope

Image SourceïCII IGBC

Rediscovery of the Indian Ethos

Thick Walls


