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PradhanMantri AwasYojana
ςUrban (PMAY-U), a flagshipMission of
Governmentof India being implemented
by Ministry of Housingand Urban Affairs
(MoHUA), was launched on 25th June
2015.

The Mission addresses urban housing
shortage among the EWS/LIGand MIG
categoriesincludingthe slum dwellersby
ensuring a pucca house to all eligible
urbanhouseholdsby the year2022, when
Nation completes 75 years of its
Independence.

Under the Mission, Ministry of Housing
and Urban Affairs (MoHUA), provides
assistance to implementing agencies
acrossthe Statesand Union Territoriesto
execute the program with following
objectives:

ÅIn-situ SLUM REDEVELOPMENT
(ISSR)
ÅAFFORDABLEHOUSING
ÅSLUMREHABILITATION
ÅPROMOTION

INTRODUCTION



Ministry of Housing & Urban
Affairs has initiated Affordable
Rental Housing Complexes
(ARHCs), a sub-scheme under
Pradhan Mantri Awas Yojana -
Urban (PMAY-U). Thiswill provide
ease of living to urban migrants/
poor in IndustrialSectoraswell as
in non-formal urban economy to
get accessto dignified affordable
rental housing close to their
workplace.

INTRODUCTION



Under the flagshipMissionof Governmentof IndiaΨPMAY-¦ΩΣbeing implementedby Ministry of Housingand Urban
Affairs (MoHUA). Underthe Mission,MoHUA,hasinitiated the GlobalHousingTechnologyChallenge- India(GHTC-India)whichaims

- to identify and mainstream a basket of innovative construction technologiesfrom acrossthe globe for housing
constructionsectorthat are sustainable,eco-friendly anddisaster-resilient.

INTRODUCTION

54-Innovative
Construction Technologies

1. Stay in Place Formwork System

(Lucknow, Uttar Pradesh)
2. Monolithic Concrete Construction 

(Rajkot, Gujrat)

3. 3D Volumetric, Precast concrete 

construction system 

(Ranchi, Jharkhand)

4. On-site assembled Precast 

concrete construction system 

(Chennai, Tamil NƑdu)

5. Light Gauge Steel Structural 

System & Pre-engineered Steel 

Structural System

(Agartala, Tripura)

6. Precast fabricated sandwich panel 

system

(Indore, Madhya Pradesh)

named as Ψ[LDI¢ Ih¦{9 twhW9/¢Ω ό[Itύ

https://ghtc-india.gov.in/Content/img/LHP/Lucknow03.mp4
https://ghtc-india.gov.in/Content/img/LHP/Rajkot03.mp4
https://ghtc-india.gov.in/Content/img/LHP/Ranchi03.mp4
https://ghtc-india.gov.in/Content/img/LHP/Chennai03.mp4
https://ghtc-india.gov.in/Content/img/LHP/Agartala03.mp4
https://ghtc-india.gov.in/Content/img/LHP/Indore03.mp4


TECHNICAL PARTNER

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

ÅGIZis fully owned by the GermanFederalGovernment,GIZimplementdevelopmentprogramsin
partner country on behalf of the German Government in achieving its development policy
objectives.

ÅFor over 60 years, the GIZ has been working jointly with partners in India for sustainable
economic,ecological,andsocialdevelopment.
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Indore, Madhya Pradesh

known as ôCentral Cluster Building Cellõ 

(alias CSB Cell)

Map highlighting

the States, under 

Central Cluster
The Climate Smart Buildings (CSB)

program is aligned with the commitments made by

the Indian Government to meet its objectives

submittedunderSDG11.

Indo-GermanEnergyprogrammeόLD9bΩǎ

Programme),ClimateSmartBuildings(CSB)proposes

to extendtechnicalassistanceandcooperationfor the

followings:

Å Developingaction plan for Thermal Comfort to

build Climate Resilient Buildings for mass scale

application

Å Implementation of Global Housing Technology

Challenge-India(GHTC-India)

CLIMATE
SMART
BUILDINGS



CONCEPT 

9.INDUSTRY, INNOVATION  AND 
INFRASTRUCTURE
Build resilient infrastructure, promote 
inclusive and sustainable industrialization, and 
foster innovation

11.SUSTAINABLE CITIES AND COMMUNITIES 
Make cities and human settlements
inclusive, safe, resilient, and sustainable

13. PROTECT THE PLANET
Take urgent action to combat climate
change and its impacts

7 AFFORDABLE AND CLEAN ENERGY 
Ensure access to affordable, reliable, 
sustainable, and modern energy for all
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9Affordable and 
Clean Energy

7
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11
Sustainable Cities 
and Communities 

13Protect the planet



STRATEGY FOR EXECUTION ςCSB CELL

Live 
Monitoring

Integration 
in 

Bye-laws

Stimulation 
& Plannings

Thermal 
Comfort & 

Climate 
Resilience

Boost 
technology 
integrity in 

future 
projects 

Capacity 
Building & 
Awareness

Spotting  
and 

Retrieve 
Gaps



11:15AM ς11:45AM  Mehta & Associates



11:45AM ς12:00PM  HIGH TEA & NETWORKING



NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE



https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-response-physical-hazards-
and-socioeconomic-impacts

NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE

Impact of Heat-wave
Impact on working hours 



Source Biannialupdate report India 

A lack of thermal comfort makes us
feel stressed, annoyed,distracted,feel
sleepy,tired andlackingconcentration.
In turn, thermal comfort inevitablyhas
an impacton well-being,productivity

NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE



SESSION :1 THERMAL COMFORT

Session 1: Thermal Comfort:
Å Indices
Å Thermal comfort in Affordable Housing
Å Passive strategies
Å Case studies



Thermalcomfort is the condition of mind
that expresses satisfaction with the
thermal environment and is assessedby
subjective evaluation (ANSI/ASHRAE
Standard55)

Thermal comfort is difficult to measure
becauseit is highly subjective. It depends
on the air temperature, humidity, radiant
temperature, air velocity, metabolic rates,
andclothinglevels.

Personalfactor
VClothinginsulation
VMetabolic Rate(met)

Environmentalfactor
VHumidity
VAir Speed
VAir Temperature
VRadiantTemperature

THERMAL COMFORT,  FACTORS AFFECTING THERMAL COMFORT



Thermal comfort refers to the 
perceived feeling on the human body 
as the result of the effect of heat and 
cold sources in the environment.

Heat exchange between the human 
body and its environment via
ÅRadiation
ÅConvection 
ÅEvaporation

FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT



Thermal comfort indices describe how the human body experiences atmospheric conditions, 
specifically air temperature, humidity, wind and radiation.

Direct Indices
Å Dry Bulb Temperature
Å Dew Point Temperature
Å Wet Bulb Temperature
Å Relative Humidity 
Å Air Movement 

Rationally Derived Indices 
Å Mean Radiant temp
Å Operative Temperature
Å Heat Stress 
Å Thermal Stress

THERMAL COMFORT INDICES



Operative temperature is defined as a uniform temperature of an
imaginary black enclosure in which an occupant would exchangethe
sameamount of heat by radiation plus convectionas in the actual non
uniform environment

Naturally Ventilated Buildings
Indoor Operative Temperature = (0.54 x outdoor temperature) + 12.83

THERMAL COMFORT INDICES



THERMAL COMFORT INDICES



ÅPMVrefers to a thermal scale that runs from Cold (-3) to Hot (+3). 
ÅPMV range for thermal comfort = -0.5 and +0.5for an interior space.(ASHARE 55)

THE PREDICTED MEAN VOTE (PMV)

THERMAL COMFORT INDICES



PPD,or index that establishesa quantitativepredictionof the percentage
of thermallydissatisfiedoccupants(i.e. too warmor too cold)

PREDICTED PERCENTAGE OF DISCOMFORT 

THERMAL COMFORT INDICES



PassiveDesign
Designthat leverages climatologicallyresponsivedesignto encouragenatural
heating/cooling,ventilation,andlighting.

ActiveDesign

Designthat relieslargelyon mechanical/ electricalsourcesof heating/ cooling,

ventilation,andlighting.

Passivedesignneedsactiveusers.

Activedesignneedspassiveusers.

MEASURES TO IMPROVE THERMAL COMFORT VIA DESIGN 



ÅFORM & ORIENTATION OF BUILDING BLOCKS
ÅFENESTRATION 
ÅSHADING OF OPENING /WINDOWS
ÅDAYLIGHTING 
ÅNATURAL VENTILATION
ÅVEGETATION

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



Source: NZEB

ORIENTATION OF BUILDING BLOCKS

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



FORM OF BUILDING BLOCKS: 

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



ÅMaximumdaylight
ÅProperventilation

UDAAN, low cost mass housing project at Mumbai

ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB

TheOrientationcanalter the thermal comfort up to ς9 %asthe areaof the wind facingwall
varieswith the orientation

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Orientation and form 

ÅIn  extreme climatic condition compact planning is more preferable
ÅMinimising the perimeter to area ratio of building form, building 
performs better in terms of thermal comfort
ÅCompact forms gain less heat at day time and loss heat during night 
time 

Minimizing the surfaceareato volumeratio minimizesheat transfer.



Fenestration A fenestrationsystemwith low U-valueand
low effective SHGCcan result in reduction
of heating and cooling demand by 6-11%
in moderateclimateandbetween8-16%in
hot humid, hot dry, and composite
climates.

Source: NZEB
Fenestration type

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



SHADING OF OPENING /WINDOWS

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



Use of shading device at Palace of Assembly, Chandigarh

SHADING OF OPENING /WINDOWS

Source: NZEB

Solarshadingdeviceshelps
ÅDiffusinglight
ÅControlheat
Å Improvingdaylight
Comfortableliving

MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES



DAYLIGHTING

ÅDesigneddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting andShadingat AranyaHousing,Indore

Source: NZEB

Daylighting can impact the energy use by
reducingthe lightingenergydemandup to 20-
30%.

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



NATURAL VENTILATION

Types of opening and their
location

Crossventilation
to allow maximum air flow
insidethe space

Source: NZEB

Natural ventilation helps in 
reducing mechanical cooling 
load of the building

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



Horizontal placing of openings and internal partitions can alter the direction and spread of air stream

NATURAL VENTILATION

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



Trees and shrubs create different air flow
patterns, provide shading and keep the
surroundings cooler in warm weather.
Vegetation can be used for energy
conservationin buildingsin the followingways:

ÅShadingof buildingsandopenspacesthrough
landscaping
ÅRoofgardens(or greenroofs)
ÅShadingof vertical and horizontal surfaces
(greenwalls)
ÅBufferagainstcoldandhot winds
ÅChangingdirectionof wind

VEGETATION

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



An increase in
urban vegetation to reduce
urban heat and improve
outdoor thermal comfort.

VEGETATION

Community,Gary Horton,Landscape DevelopmentSource: NZEB

Trees also reduce ambient air 
temperature due to evapo-
transpiration.

Study shows that ambient air under a 
tree adjacent to the wall is about 2 ς
2.5°C lower than that for unshaded areas.

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



CASE STUDY 



Source: BEEP

ωSitearea:17,593m2

ωBuilt-uparea:57,408m2

ωNumberof dwellingunits(DU): 
1176(All1 BHK)

ω11residentialtowers : Stilt + 7

KeyFeatures

ωSensitivelydesignedwindow
shadesto reduceheatgainswhile 
improvingdaylight.

ωUse ofa fan-servicedventilation
shaftto improveair quality inside.

Outcomes

ωReducedpeaksummerroom
temperatureby >5ÁC

ωIncreasednumberof comfortable
hoursfrom ~2600hoursto ~6300
hours.

Project:Affordablehousingin RajkotunderPMAYUntenableSlum Redevelopment.

CASE STUDY - SMARTGHARIII, RAJKOT



Source: Parekh Collaborative

A residence which has been 
designed to remaincool
without the useof an air 
conditioner.

KeyFeatures

ωmutual
shading

ωoptimal
building
orientation

CASE STUDY - RAMBAUGH,BURHANPUR



ÅArchitect:Charles Correa
ÅLocation: Bombay, India
ÅCompleted on: 1983
ÅBuilding Type: Skyscraper multi-family 
housing
ÅConstruction System: Concrete
ÅFloors: 32

Key Features
The main living spaces with an enclosed 
verandah whilst turning that buffer zone into 
a garden, thriving on the problem. Because of 
climatic considerations with existing views, 
the massing settled upon a configuration 
facing east and west

CASE STUDY - KANCHANJUNGA APARTMENTS 



Session 2:

a) Thermal Comfort standards

b) Effect of materials on thermal comfort

Thermal Comfort Standards 



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 



According to the IMAC model,neutral 
temperature in naturally ventilated 
buildings varies from 19.6 to 28.5 °C for 
30-day outdoor running mean air 
temperatures ranging from 12.5 to 31 
°C.

EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 



ASHRAE-55

EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 



Eco-Niwas Samhita 2018 (BEE,2018) is the new Energy ConservationBuilding Code for
ResidentialBuildings(ECBC-R)whichhasfollowingprovisions:

1. To minimizethe heat gain in coolingdominatedclimate or heat lossin heatingdominated
climate,

a. Throughthe buildingenvelope(excludingroof):
i. Maximum RETVfor cooling dominated climate (Composite Climate, Hot-Dry
Climate, Warm-HumidClimate,andTemperateClimate)
ii. MaximumU-valuefor the coldclimate

b. Throughthe Roof: MaximumU-valuefor Roof

2. Fornaturalventilationpotential
a. Minimumopenablewindow-to-floor arearatio with respectto the climaticzone

3. Fordaylightpotential
a. Minimumvisiblelight transmittancewith respectto window-to-wall ratio

Thiscode focuseson buildingenvelopeand aimsto improve the thermal comfort and reduce
the energyrequiredfor coolingandlightingin Residentialbuildings.

Eco-NiwasSamhita(Energy Conservation Building Code for Residential Buildings)

EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 



Roof

Fenestrationfloor

Wall

Building consist of wall, roof, fenestration,
floor, skylight, columns,beams,doors

For the samewe do require different materials
to fulfil the user requirements such as
aesthetics,safety,visibility,etc.

CONDUCTION

Transfer of heat through a 
medium, in case of buildings it is 
mostly air

Energy that is radiated in form 
of rays/ waves

Transfer of heat from one 
material to another, through 

direct contact

CONVECTION

RADIATION

Above image is only for illustration

EFFECT OF MATERIALS ON THERMAL COMFORT



Thermal transmittance U-value

ÅHeat transfer due to temperature 
difference, inside & outside

ÅHeat transmission in unit time through 
unit area of a material or construction 
and the boundary air films, induced by 
unit temperature difference between the 
environments on each side

ÅUnit of U value is W/m²k.

Indoor Space

High U-Value

Indoor Space

Low U-Value

For External Wall

Å Increase wall thickness 

Å Insulations over walls

Å Cavity

For Roof

ÅReflective paints
ÅRoof garden
Å Insulation
ÅReflective tiles- China Mosaic

EFFECT OF MATERIALS ON THERMAL COMFORT



Before selecting insulation material for a building, the following factors need to be considered:
V The climatic conditions of the region
V The material flammability in case of an accident
V Material toxicity
V Ease of replacement of the material
V Material affordability
V Material durability
V Ease of installation

Comparison of commonly used insulation material  

EFFECT OF MATERIALS ON THERMAL COMFORT



Thus, the lower the U-value, the lower the rate of heat transfer, and the better the insulating 
property of the element

1.715 1.673 1.67
1.559

1.188

0.907

0.22

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Glass fibre
reinforced

Gypsum panel
with RCC &

non..

Rattrap bond
wall

Brick wall Glass fibre
reinforced

Gypsum panel -
Unfilled

Light Gauge
framed steel

structure with
EPS

Reinforced EPS
core Panel

system

Sandwich Panel
System

U-Value (W/m²K.)

Decrease in U value 
Enhance Thermal Comfort 

@source :CRDF Document of CEPT

MATERIAL CHARACTERISTICS FOR BETTER THERMAL COMFORT



Lunch Break



SESSION 3: INNOVATIVE TECHNOLOGIES

Session 3: New age innovative technologies along with the 6 LHP construction technologies  focusing on - efficiency 
in construction, mainstreaming & replication of technologies,  and sustainable cum thermal comfort aspects.



LHP INTRODUCTION

LHPsshallserveasLIVELaboratoriesfor different aspectsof Transferof technologies

Map showing six different LHP Locations

6 LHP ACROSS INDIA



6 LHPs

ωPrefabricated Sandwich Panel System

1.Indore,Madhya Pradesh

ωMonolithic Concrete Construction using Tunnel Formwork

2.Rajkot,Gujarat

ωPrecast Concrete Construction System ςPrecast Components Assembled at Site

3.Chennai,Tamil Nadu

ωPrecast Concrete Construction System ς3D Volumetric

4.Ranchi,Jharkhand

ωLight Gauge Steel Structural System & Pre-engineered Steel Structural System

5.Agartala,Tripura

ωPVC Stay In Place Formwork System

6.Lucknow,Uttar Pradesh



6 LHPs Explained Via Video



LHP INDORE

N


