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INTRODUCTION



Growing Opportunities with Rapid Urbanization

Å Cit ies, which will

contribute over 80% to

GDP by 2050, need to be

Receptive, Innovative, and

Productive to foster

sustainable growth and

ensure a bett er quali ty of

living
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Energy demand with Rapid Urbanization
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2239 Twh

Residential Bui ldings: Fast Growth in Electr ici tyConsumption.
*IESS, NITI Aayog

Å Residential buildings consumes

around 255 TWh electricity in 2017,

the electr icity consumption in

residential buildings is expected to
multiply by more than 3X and

reach around 850 TWh by 2030.

con di ti on ing / H VA C

residential building is the

Increased penetration of ai r -
in 

key

reason for this growth.

Å Residential buildings  will become

the la r gest en d-user of

electr ici ty in the country  
accounting for 38% of the total

electricity consumption.



MoHUA Initiates for Urban Transformation
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7
Flagship Missions under the Ministry of Housing &

Urban Affairs (MoHUA) aim to achieve

Transformative, Inclusive and Sustainable

development through planning, development and

reforms for achievingUrban Transformation.
AMRUT

PMAY (U)

RAY 



Affordable Housing in India

Affordable housing,asdefined by

the National Planning Policy
Framework,is housingfor saleor

rent for thosewhoseneedsarenot

metby themarket.

The provision of affordable

housing is a key elementof the
Governmentôsplan to end the

housingcrisis,tacklehomelessness

and provide aspiring homeowners

with astepontothehousingladder
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Pradhan Mantri AwasYojnaïUrban

ÅPMAY-U, launched in 2015, aims to provide houses for
homeless. The Government is offering this schemeto all UT's
and states. It also offers interest subsidy for Home loans for
first t imebuyers in urban areas

Å The residential buildings expectedto increaseby 2 times
in termsof floor area by 2030

Å 12 mill ion new affordable homes in Urban areas under
PMAYby 2022. PMAYU

Features
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All weather 
housingunits 
with water, 

kitchen, 
Electricity &  

Toilets

Women 
Empowerment

Betterqualityof 
life for Urban 

Poor's

Security of 
Tenure

Adequate 
Physicaland 

Social 
Infrastructure

A significant
percentage is in
the form of high
density, multi-
storey residential
blocks

Very low
penetration of
air conditioning
though majority
haveceiling fans

Ensuring 
Thermal 
comforts to 
occupants 
through design  is 
of prime 
importance.



Pradhan Mantri AwasYojnaïUrban
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Subsidiary for beneficiary led  
individual house  

construction/enhancement.In-
Situ Slum Redevelopment  

(ISSR) for Slums

Affordablehousingin  
partnershipwith Public &  

PrivateSectors

PromotionofAffordable  
Housingthrough Credit linked  

subsidy

Beneficiary-led Individual 
House Construction/ 

Enhancement (BLC-N/ 
BLC-E)

Themission is addressingtheaffordable housing requirement in Urban areasthrough following program 
verticals:



Pr ad han Mant r i Awas Y ojana - U r ban

Const r u ct i on of aff or dabl e h ou si ng i n Par t ner sh i p  
w i t h Pu bl i c & Pr i vat e Sect or s

Pr om ot i on of Aff or dabl e Ho u si ng t h r ough Cr edit  
Li nked Su bsi dy

Sl u m r eh abi l i t at i on wi t h p r i vat edevel oper s  
u si ng l and as a r esou r ce

Su bsi dy for benefi ci ar y-l ed i nd i vi dual h ous e
construction/enhancement. (ISSR)

1 1.2 m i l l ion dwell ing  

units arebeing
constructed

7 .35 l a kh cr or es

investment

10 l a kh

occupants in the  
EWS/LIG category 

benefitting

Key features of PMAY -U projects

Project Objectives
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Global Housing Technology Challenge- India (GHTC-India)

MoHUA has initiated the GHTC-India to identify and mainstream a basket of innovative construction technologies 
from acrossthe globe for the housing construction sector that is sustainable, eco-friendly, and disaster-resilient.

GHTC -India

54 Innovative
Construction
Technologies

Shortlisting

Light House 
projects with 6 

selected 
technologies
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AGART AL A,

TRIPURA
Light Gauge Steel
Structural System &

Pre-Engineered Steel
Str uctural System

CHENNAI,

NADU
Precast 
Constr uct ion

T AMI L

Concrete  

System-
Precast Components

Assembledat Site

INDORE, MADHYA 

PRADESH
Prefabricated
Sandwich Panel
System

LUCKNOW, 

UTT AR PRADESH
Stay- in-place  

Formwork System

RAJKOT,

GUJARAT
Monolithic 
Concrete 
Constr uct ion  
System

RANCHI, 

JH ARKH AN D
Precast Concrete  

Construction 
System-3D Pre-
Cast Volumetr ic



Components of GHTC India

1

ÅGrandExpoand Conferenceon Alternative andInnovative 
Construction Technologies

2

ÅIdentifyingand MainstreamingProven Demonstrable  
Technologiesfor theConstruction of Light HouseProjects

3

ÅIdentifying Potential Future Technologiesfor Incubation and 
Acceleration Support through ASHA ïIndia (Affordable 
sustainableHousingAccelerators)
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Book Launchesby MoHUA under GHTC India Challenge

Compendium of Light 
House Project Rajkot

Compendium of Light 
House Project Chennai

Handbook  on Innovative 
Construction Technologies & 

Thermal Comfort in 
Affordable Housing

Compendium of 75 Trainings 
& Workshops under RACHNA



Climate Smart Buildings Programme (I GEN-CSB)

Affordable

Thermally
Comfortable

Climate 
Resilient

Cl im at e  

Smart

Building

Key featuresof aClimate 
Smart Building

Government  

of I ndia/  
MoHUA

TheFederal  

Ministry of  
Economic

Cooperation(BMZ),
Ger many/ GI Z

I GEN-
CSB

Results of aClimateresponsive  
bui ldingdesign

Reducethe demand 
for air-condition ing

by 30-40%

Curtail 30 metric 
tonnesof CO2

Improve health and 
wellbeing of people

Support the 
commitment of GoI 
towards reducing 

CO2 emissions
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States under East Cluster Cell

Jharkhand Odisha West Bengal Bihar

About the project-ñClimateSmart Buildings (CSB): Establishment 

of the Cluster Cell in Ranchi, Jharkhand under Global Housing 

TechnologyChallenge-India (GHTC-India)ò

The climate smart building project intends to address the majority of gapsidentified in the affordable housing sector

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

Å 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.
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WP1: Faci li tate  
implementationand  

monitoringof Light House  
Projects(LHPs)

W P 2: Technical assistanceto  
enhance thermal comfort in  
upcomingDemonstrat ion  

Housing Projects(DHPs) and  
ARHCs (Affordable rental  

housing complexes) and other  
Public/ Privatehousing  
projectsin West Cluster

WP 3: Inclusion of climate  
resi lienceand thermal comfort  

requirements in bui lding  
byelawsand Local  

Government framework in  
West Cluster

WP 4: Capacitydevelopment  
of Govt off icialsand pr ivate  

stakeholders on thermal  
comfort in theWest Cluster

Project Objectives
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Tea Break

DAY 1
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Session 1: Innovative Construction Technologies of Light House 
Projects, LHP Study and Observations

DAY 1
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New Age Innovative 

Construction Technology 

& LHPs



Light House Projects

Å The aim of the assignment is to introduce
thermal comfort into the foray of affordable
housing, a critical design & thus usability aspect
which unfortunately has been missing from the
current nature of affordable housing in India .

Å Although studies & policies like the green
guidelines for PMAY projects, Eco-Niwas Samhita
Part-1, Star Labelling of energy efficient homes
etc have been around but what the sector really
needs is specific, easy to comprehend provisions
which can be mandated & enforced in a steadfast
way which is exactly what this project intends to
do
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Light House Projects
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What are we working on?

LHPs are model housing projects with

houses built with shortlisted alternate

technology suitable to the geo-climatic

and hazard conditions of the region, an

init iative under the Climate Smart

Building Programme.

These projects demonstrate and

deliver ready to live houses with

speed, economy and with better

quality of construction in a sustainable

manner.

Currently the LHPsôare being

implemented in six states(Uttar Pradesh,

Gujarat, Madhya Pradesh, Gujarat,

Jharkhand, and Tripura) of India under

Global Housing Technology Challenge

(GHTC) ï India. These projects are

constructed with modern technology and

innovative processes and reduce the

construction time and make a more

resilient, affordable, and comfortable

housefor thepoor.
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LHP Location TECH NOLOGY SELECTED
NUMBER OF HOUSES TO

BE

CONSTRUCTED

Rajkot, Gujarat Monolithic Concrete Construction using Tunnel Formwork 1144

Indore, Madhya

Pradesh
Prefabricated Sandwich Panel System 1024

Chennai, Tamilnadu
PrecastConcrete Construction SystemïPrecastComponents

Assembled at Site
1152

Ranchi, Jharkhand Precast Concrete Construction System ï3D Volumetric 1008

Agartala, Tr ipura
Light GaugeSteel Structural System& Pre-engineered SteelStructural 

System
1000

Lucknow, Uttar  

Pradesh
PVC Stay in Place Form work System 1040

Details of LHP Projects along with Construction Technology Used
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Featuresof LHP

Definition
Minimum Size of  

houses
Available on-site 

facilities
Design Construction Period

A model housing project 
with approximate1,008

housesbuilt with shortlisted 
Construction technology 
under GHTC Challenge, 
demonstrating speed, 

economy and bett er quality  

of construction in a 
sustainable manner

As defined by PMAY (U), 
the houses built are of 

EWS category, Each 
Dwelling Unit has Carpet 

area less than 30 sq.m. The 
carpet area is the habitable 
area excluding walls, doors 

etc. The DU carpet area in 
LHP Ranchi is 29.85 Sq.m.

ÅSite Development
ÅSolar PV Installation

ÅSewage Treatment 
Plant

ÅRain-Water 
Harvesting 

ÅCommunity Centre 

cum Commercial 
center

ÅLandscaping

The Light House projects 

are conceived with a vision 
of fast construction using 
Technology. Each LHP is 
given 15 months time to 

complete. However, due to 

some issues the project 
cannot be completed in due 

time. 

Å Designed asper the dimensional requirements mandated in the National Building Code(NBC) 2016.

Å Design in concurrence with existing centrally sponsored schemes and Missions such as Smart Cities, AMRUT, Swachh Bharat (U), National Urban Livelihood 
Mission (NULM), Ujjwalla, Ujala, Make in India, etc.

Å Structural details designed considering durability and safety requirements of applicable loads including earthquakesandcyclone and flood asapplicable confirming
to applicable Indian/International standards.

Å Design of Cluster involves the possibility of innovative systemof water supply, drainage and rainwater harvesting, renewable energy sourceswith special focus on
solar energy.
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Light House Projects

Following are the details of Construction Technologiesbeing employedat the Light House Projects shortlisted
under theGlobal Housing TechnologyChallenge(GHTC)ïIndia

Monolithic Concrete 
Construction using 
Tunnel Formwork

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

Prefabricated 
Sandwich Panel 

System

ÅLHP Location:
I ndore, Madhya  
Pradesh
ÅNo. of Houses: 1024

Precast Concrete 
Construction 

System ïPrecast 
Components 

Assem bl ed at Si te

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 
St r uct u r al Syst em &  

Pre -engineered 
Steel Structural 
SystemAgartala, 

Tripura

ÅLHP Location:
Agartala, Tripura
ÅNo of Houses: 1000

PVC Stay in Place
Formwork System

ÅLHP Location: 
Lucknow, Utt ar  
Pradesh
ÅNo of Houses: 1040
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Precast Concrete Construction System ï3D Volumetric ïLHP Ranchi

An already established System for building construction in Europe, Singapore, Japan & Australia, this 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. These Modules are transported, erected & installed using cranes and 
push-pull jacks and are integrated together in the form of complete building unit.
Subject to the hoisting capacity, building of any height can be constructed using the technology.

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 
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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



Monolithic Tunnel Formwork TechnologyïLHP Rajkot

Strippingof the  
formwork from the 

previous day.

Posit ioningof the  
formwork for the 

current dayôs 
phase,with the  
installation of  
mechanical, 
electrical and  

plumbingservices.

Installation of  
reinforcement in  

thewallsand slabs.
Concreting

In óTunnelFormôtechnology, concretewalls and slabsarecastin one goat site giving monolithic structure using high-precision, re-usable, 
room-sized, Steel forms or molds called óTunnelFormô. An already established System for building construction in many countries, this 
systemintends to replacethe conventional RCCBeam-Column structure which usessteel/plywood shuttering. óTunnelFormôsystemuses 
customized engineeredsteelformwork consisting of two half shells which areplacedtogether and then concreting is done to form aroom 
sizemodule. Severalsuchmodules makeanapartment.

Construction Process
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Monolithic Tunnel Formwork TechnologyïLHP Rajkot
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Facilitat ing rapid construction  
of multi ple/ massmodular  

unit s(simi lar unit s).

M akingstructuredurablewit h  
low maintenancerequi rement.

The precisefinishing can be 
ensured wit h no plastering  

requirement.

The concretecan be designed to  
useindustrial by-products such  
asFly Ash, Ground granulated  

blast furnaceslag(GGBS),  
M icro sil ica etc. resulti ngin  

improved workabilit y&  
durabilit y, whilealso  

conservingnatural resource

Being Box type monolithic 
structure, it is safeagainst  

horizontal forces(earthquake, 
cycloneetc.)

The large number of modular  
unit sbring economy in  

construction.

Special Features



Prefabricated Sandwich PanelSystemïLHP Indore
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Å An already established System for building construction in China, Australia, African and Gulf countries, this factory
made Prefabricated Sandwich Panel Systemis madeout of cement or calcium silicate boards and cement mortar with

EPSgranules balls, and act aswall panels. Thesereplace conventional brick & mortar walling construction practices
and can be used as load-bearing and non-load bearing walling for residential and commercial buildings . For

buildings higher than single storey, the systemcanbe used either with RCCor steel framed structure .

Å Under this LHP, housesare being constructed using Prefabricated Sandwich Panel System with Pre-Engineered

SteelStructural System.
Å In this system the EPS Cement Panels are manufactured at the factory in controlled condition, which are then

dispatchedto the site. The panels having tongue and groovearejoint together for construction of the building .

Being dry walling system, 
brings speedin 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



PrecastConcreteConstruction SystemïPrecastComponentsAssembledat site
ïLHP Chennai

An already established technology for building construction, Precast concrete construction is a system where the individual precast 
components such aswalls, slabs,stairs, column, beametc,of building aremanufactured in plant or castingyard in controlled conditions.
The finished componentsarethen transported to site, erected& installed.
The technology provides solution for low rise to high rise buildings, especiallyfor residential andcommercial buildings.

The reinforcement 
cagesare 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.
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The construction processcomprises of manufacturing of precast concrete Columns, Beams
and Slabs in steelmoulds.
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Nearly all components of  
bui ldingwork are  

manufactured in plant/ casting  
yard & the joint ingof  

components isdone In-si tu  
leading to reduction in  

construction time.

Thecontrolled factory  
environment bringsresource  

optimization, improved  
quali ty, precision & finish.

Theconcrete can bedesigned 
with industrial by-productssuch
as  Fly Ash, Ground granulated  

blast furnaceslag (GGBFS),  
Microsi licaetc. result ing in  

improved workabi li ty&  
durabi li ty, whi lealso  conserving

natural resources.

Eliminatesuseof plaster.

Helps in keeping neat & clean  
construction siteand dust free  

environment.

Optimum useof water through
recycling.

Use of shutt ering& scaffolding
materialsisminimal.

All weather construction &
bett er si teorganizat ion.

Special Features

PrecastConcreteConstruction SystemïPrecastComponentsAssembeledat site
ïLHP ChennaiPrecastConcreteConstruction SystemïPrecastComponentsAssembledat site ï

LHP Chennai



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.
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Light Gauge Steel Structural System & Pre ïengineered Steel Structural System ï
LHP Agartala

An already established System for building construction in Japan, Australia & North America; 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 up to G+3 building. LGSF is used in combination with pre -engineered steel structural system for buildings 
above G+3 for longevity, speedier construction, strength and resource efficiency.
Under this Light House Project, houses are being constructed using Light Gauge Steel Frame System (LGSF) with Pre-Engineered Steel Structural 
System.
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Light Gauge Steel 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
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PVC Stay in Place Formwork System ïLHP Lucknow

Å Already in use in Canada & Australia, the plant manufactured rigid poly -vinyl chloride (PVC) based polymer components serve as a
permanent stay-in-place finished form -work for concrete walls. The formwork System being used acts as pre-finished walls 
requiring no plaster and can be constructed instantly.
This System is suitable for residential and commercial buildings of any height from low rise to high rise. In order to achiev e 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.
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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
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Thermal Comfort 
Analysis & 

Recommendationson 
LHPs and Demo 

Projects



CASE STUDY OF DEMO PROJECTS
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The Demonstration Housing Projects 

Assessment reports on Demonstration Housing Projectôs performance have been made that highlight 
on results, conclusions, and recommendations for enhanced thermal comfort and energy efficiency.

Under the Climate Smart Buildings Project in Eastern Cluster, the CSB Cell have identified and are 
supporting 1 of upcoming affordable housing projects in Ranchi to achieve minimum Thermal Comfort 

standards of MoHUA ïGoI.
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Utopian Heights, Ranchi



ENS compliance and improvements for Demonstration Housing Project 
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Utopian Heights 
AHP project, 

Ranchi
It is recommended to
provide roof insulation in
order to comply with max.
thermal transmittance
value for roof and to
increase the comfortable
hours with in the units .

Element U Value RETV
ENS Part 1 
Complianc

e

ENS 
Score

Wall 
AAC + Plaster

0.678

8.98 Yes 

112
Window 

Aluminum+ single Glazed
5.8

Roof
150 mm Concrete Slab

2.73 - No 

Element U Value RETV
ENS Part 1 

Compliance
ENS Score

Wall 
AAC + Plaster

0.678

8.98 Yes 

117
Window 

Aluminum+ single Glazed
5.8

Roof
150 mm Concrete Slab + 
50 mm EPS insulation

0.59 - Yes 

With Improvements As Designed

VIEW
Unit Plans



Recommendations

Proper orientation of Buildings, this reducethe impact of unfavorable weatherconditions like solar radiation, driving rain and 
thunderstorm

Proper Ventilation ïProper positioning the windows and opening them createair movement in the house.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 becrossventilated.

Using ShadingDeviceïuseof overhangsor horizontal projections over windows. Double panewindows with tinted glassand
glasscoatedwith reflective film should beusedfor windows insteadof steels,wood and zincs.

Creation of Microclimate ïtreescanbeplanted to createmicroïclimate that is, small-scaleclimatic condition at aspotor area
or site

Preventing Infiltration ïInfiltration canbeprevented bysealingthe sitesof air leaks.This canbeachievedby caulking, weatherizing, 
good workmanship, and replacing some agedparts of buildings, etc.
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Recommendations

To align with GHG reduction targetsandother government activities, make"Thermal Comfort for All" a government priority, and relate 
it to India's ambition to giveabetter quality of life to all of its residents.

Createmarket momentum for smart cooling through public awarenesscampaigns,information access,andtechnical support.

Consistent testing and rating processes,aswell asmarket communication initiatives, canhelp to mainstream the useof energy 
efficient building materials andequipment.

Takesignificant stepsto phaseout HFCs and encouragethe industry to switch to renewablerefrigerants.
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CASE STUDY OF LHP RAJKOT
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Thermal comfort study of the Light House Project - Rajkot 
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The LHP in Rajkot constructed with Monolithic Tunnel formwork technology has been planned and 
constructed with such specification and layout which would give better thermal comfort compared to 

conventional construction. GIZ was assigned the task of studying aspect of thermal comfort in LHP project.

Methodology for monitoring 
and evaluation

Å On-site spot measurements
Å dataloggers,

Å comparative graphs, and 
Å a comfort chart 



Thermal comfort study of the Light House Project - Rajkot 
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On -site spot measurements Findings



Thermal comfort study of the Light House Project - Rajkot 
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Findings (Cont.)



Thermal comfort study of the Light House Project - Rajkot 
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Datalogger placement Findings

Location: Tower 8 | 1st floor | Corner unit

Occupancy: 9 am to 5 pm

Operation mode: No comfort system, No 
lighting, Natural Ventilation

The data loggers readings from Wednesday, 31st August to 7th September 2022.

æT= 4 ï5 Celsius



Thermal comfort study of the Light House Project - Rajkot 
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Findings (Cont.)

RCC walls have no insulation properties, and they heat 
and cool more rapidly based on outdoor conditions



Key performance features of the Light House Project- Rajkot 

Saved kWh of Power due  to 

reduction in construction 

time]

215051 kWh saved. Typical saving is 4.72 kWh/Sq. mtr compared to 

building construction using conventional method.  

% reduction in cost of 

construction

10% [Faster construction speed leading to reduction in construction cost]

% reduction in water use 26.67% (For Concrete), Approx 70% (For Masonary Work)

% reduction in Construction 

waste

10% Approx.[Usage of Tunnel Formwork causing reduction in construction 

waste]

% Reduction in use of 

energy

16.67% 

% Reduction in embodied 

energy

25%
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Comparation between building envelope of conventional building vs LHP, Rajkot
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Envelope 

Type  

Conventional Case - 

Construction Configuration  

Section  U 

Value*  

Wall  

Interior Surface Film resistance + 

Internal Cement Mortar (12 mm) + Brick 

Wall (230mm) + External Cement Mortar 

(12 mm) + Exterior Surface film 

resistance 

 

1.97 

W/m2K  

Roof 

Interior Surface Film resistance + 

External Cement Mortar (18mm) + RCC 

slab (150mm) + Internal Cement Mortar 

(12mm) + Exterior Surface film resistance  

 
2.78 

W/m2K  

Fenestration 

& Glazing 

Steel framed Single Glazing Unit (SGU) 

with 5mm glass, SHGC = 0.84, VLT = 

0.89  

6.2 

W/m2K  

Void Assumed SHGC = 1, VLT = 1  7W/m2K  

RETV 
Residential Envelope Transmittance 

Value (North -South Blocks)  
 16.64 

W/m2  

 

Envelope 
Type  

LHP Case - Construction 
Configuration  

Section  U 
Value*  

Wall  

Interior Surface Film resistance + 
Internal Cement Mortar (10 mm) + AAC 
Block (200mm) + External Cement 
Mortar (30 mm) + Exterior Surface film 
resistance 

 

0.68 
W/m2K  

Roof 

Interior Surface Film resistance + RCC 
slab (160 mm) + screeding (55 mm) + 
External Cement Mortar (50mm) + 
China mosaic + Exterior Surface film 
resistance 

 

2.74 
W/m2K  

Fenestration 
& Glazing 

uPVC framed SGU with 5mm glass 
thickness, SHGC = 0.83, VLT = 0.89  

 

5.9 
W/m2K  

Void Assumed SHGC = 1, VLT = 1  7W/m2K  

RETV 
Residential Envelope Transmittance 
Value (North -South Blocks)  

 14.32 
W/m2  

 

Conventional Construction Envelope Details LHP Rajkot Construction Envelope Details
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Life Cycle Cost and its 
impact on Carbon 
Emission



Concept of life cycle cost and its impact on carbon emission

Life Cycle Cost

ClimateSmartBuildings| LHPRanchi| PMAYUrban

Life cycle costing is a method of

economic analysis directed at all

costs related to constructing,

operating, and maintaining a

construction project over a defined

period of time.



Concept of life cycle cost and its impact on carbon emission

Why LCC matters in sustainable building
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Sustainable/green technology in building in commonly more expensive than its traditional 

counterpart. However, it is more energy efficient, lower operation and maintenance cost. 

The Energy saving, O&M feature occur over the life-time of the building. Therefore, 

It is essential to use the analysis which recognizes the cost saving which spread over the life-

time ïthe Life Cycle Cost (LCC) analysis



Concept of life cycle cost and its impact on carbon emission

Why LCC matters in sustainable building
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Total LCC = (Investment cost + 

operation cost + Maintenance + 

Replacement cost + Disposal cost) ï

Salvage Value



Concept of life cycle cost and its impact on carbon emission

LCC of CFL vs LED
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Q&A Session on New & Innovative technologies and Thermal Comfort 

DAY 1
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Session 2: Importance of Thermal Comfort

DAY 1
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Thermal Comfort and 
Cooling Demand



Population and area distribution in the five climate zones of India. Source: ñCensus 2011ò, Government of India, 
(2011), available at: http://www.censusindia.gov.in/2011census/ dchb/DCHB.html

Å According to the graph, the major
Indian metropolitan areas with urban

populations (which make up 35% of the
country's total population) are located

in warm, humid, and mixed climates.

Å Every year, high cooling degree days

are experienced by residents of the
cities located in these climate zones

and the hot, dry climate.Warm -
Humid

Composite Hot Dry Cold Temperature

152.2 147

45.8
15.3 9.5

65.8
35.5

13.6 4.6 1

Chart Title

Population (Millions) Area ('000 Sq.km)

Thermal Comfort & Cooling Demand
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Thermal Comfort & Cooling Demand

0
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2020 2025 2030 2040 2050
Urban 5.9 7.7 9.7 15 22.2

Rural 11.8 14.2 16.6 21.4 25.7

B
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2

Residential Build ςUp Area (Billion m2)

Projected increase in residential built-up area in urban and rural India. Source: ICAP

Å Projections of residential built -up
area expansion in both urban and
rural India are shown in Graph.

Å Between 2020 and 2050, it is
predicted that the total area of
built -up urban residential space
will rise by a factor of more than
three.

Å Over three decades, it is
anticipated to increase from 5.9
billion square metres to 22.2
billion square metres (2020 -
2050).

Å In addition, over the sameperiod,
the per capita residential built -up
area in Indian cities will rise from
12.6 sq. m. to 24.2 sq. m.
(MOEFCC, 2019).ClimateSmartBuildings| LHPRanchi| PMAYUrban



Thermal Comfort & Cooling Demand

Above: Sector-wise growth in cooling demand; Below: Indiaôs Total Primary Energy Supply 
(TPES) for cooling. Source: India Cooling Action Plan (redrawn)

By 2050, only around two-thirds of our metropolitan building stock will have been constructed. Consequently,
our new development must take into account both our current and future cooling needs. To make this happen, it

is essential to comprehend how our cooling demand is changing. According to the India Cooling Action Plan, the
demand for cooling is expected to increase eight times between2017ï2018 and 2037ï2038. In just two decades,

the demand for the building sector alone will increase by up to 11times from the baseline.
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Need for Thermal Comfort in Buildings: India Cooling Action Plan

1. 20-25% reduction of cooling demand across various sectors 
by 2037-2038 

2. 25-40% reduction in cooling energy requirements by 2037-
2038 

3. 25-30% reduction in refrigerant demand by 2037 -2038 
4. Training and certification of 1,00,000 service technicians by 

2022-2023 
5. Recognizing ñcooling and related areasò as a thrust area of 

research

ClimateSmartBuildings| LHPRanchi| PMAYUrban

Source:Mini stry of Environment, Forest & Climate Change, Government of India. (2019,March). India Cooling
Action Plan. Retrieved from http://ozonecell.nic.in/wp -content/uploads/2019/03/INDIA -COOLING-ACTION-
PLAN-e-circulation -version080319.pdf

http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf


Need for Thermal Comfort in Buildings: International Perspective
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Cooling Demand in India,
China, and the US

ÅTo combat uncomfortable
conditions

ÅLeadsto increasedpeak

ÅLeadsto higher
consumption

Source: Sustainable and Smart SpaceCooling Coalition (2017). Thermal Comfort for All ïSustainable

and Smart SpaceCooling. New Delhi: Alliance for Energy Efficient Economy



Need for Thermal Comfort in Buildings: Peak Demand
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ÅSummer and Winter Day Profile of Electricity
use

ÅMumbai and Delhi Comparison

ÅLeadsto higher consumption

Late -night 850 MW to late afternoon 700 in
Mumbai
Late -night 2200 MW to late afternoon 1600 in
Delhi

Source:Phadke, A., Abhyankar, N., & Shah, N. (2014). Avoiding 100New Power Plants by Increasing Efficiency of
Room Air Conditioners in India: Opportunities and Challenges.

https://international.lbl.gov/publications/avoiding -100-new -power-plants

https://international.lbl.gov/publications/avoiding-100-new-power-plants


Need for Thermal Comfort in Buildings: Consumption & Emission
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ÅTotal Consumption 126TWh and 124
MTCO2e

ÅRoom Air Conditioners 48.8 TWh (38%) consumption

ÅRoom Air Conditioners 57.0 MTCO2e (46%) Carbon
Emission

Source:Mini stry of Environment, Forest &amp; Climate Change, &amp; Government of India. (2019, March). India
Cooling Action Plan. Retrieved from http://ozonecell.nic.in/wp -content/uploads/2019/03/INDIA -COOLING-
ACTION-PLAN-e-circulation -version080319.pdf

http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf


Need for Thermal Comfort in Buildings: Consumption & Emission
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ÅIn 2017,approximately 272 million

Åhouseholdswereestimated in India

ÅExpectedto increaseto 328 by 2027

Å386 million by 2037

Source:Mini stry of Environment, Forest &amp; Climate Change,&amp;
Government of India. (2019, March). India Cooling Action Plan.
Retrieved from http://ozonecell.nic.in/wp -

content/uploads/2019/03/INDIA -COOLING-ACTION-PLAN-e-
circulation -version080319.pdf

ÅIn 2017, approximately 8% of 
the householdswereestimated
to have room air conditioners

ÅAnticipated to rise to 21%by
2027-28

ÅAnd 40% by 2037-38

ÅIn 2017,the estimated
commercial floor wasaround
1.2 million sqft

ÅIs expectedto grow about 1.5
to 2 times by 2027-2028

Å2.5 to 3 times by 2037-38, 
respectively

http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
http://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
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Factors affecting 
Thermal Comfort and 
Cooling Demand



PH YSI OL OGI CAL  
FACTORS

PH YSI CAL  
FACTORS

The factors which are 
independent from 

weather and 
surrounding 

environment of the 
building. And are very 
subject ive and depend 

on person to person 

The factors which are 
dependent on weather 

and surrounding 
environment of the 
building. Some of 

which can be managed 

Factors affecting Thermal Comfort
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PH YSI CAL FACTORS
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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



Cold,

Temp 15ÁC

Hot  

Temp 47ÁC

Air Temp 27ÁC

A

B
D

C

E
F

H

J 

L

N

G
M

O  

P

Q

R

Body
Part

Skin Location Cold
(15 °C)

Neutral
(27 °C)

Hot
(47 °C)

A Forehead 31.7 35.2 37

B Back of Neck 31.2 35.1 36.1

C Chest 30.1 34.4 35.8

D Upper Back 30.7 34.4 36.3

E Lower Back 29.2 33.7 36.6

F Upper Abdomen 29 33.8 35.7

G Lower Abdomen 29.2 34.8 36.2

H Tricep 28 33.2 36.6

J Forearm 26.9 34 37

L Hand 23.7 33.8 36.7

M Hip 26.5 32.2 36.8

N Side thigh 27.3 33 36.5

O Front thigh 29.4 33.7 36.7

P Back thigh 25.5 32.2 36

Q Calf 25.1 31.6 35.9

R Foot 23.2 30.4 36.2

Thermal Comfort ïCold ïNeutral - Warm
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Boiling Point

of water  100ÁC

0ÁC

Freezingpoint 
of water

ÅTemperature of the air surrounding the 
Environment (Dry Bulb Temperature)
ïDBT)

ÅMeasuredin DegreesCelsius (ÁC), by a
thermometer freely exposedto the air,
but shieldedfrom radiation and 
moisture.

ÅAffects the rate of Evaporation on skin 
surface of building occupants.

Factors Affecting Thermal Comfort ïAir Temperature
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Factors Affecting Thermal Comfort ïRelative Humidity [RH]
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Å It is defined as %ge of Amt. of water 
vapour present in air to max. 
amount of water vapour that air can 
hold at specific temperature and 
pressure.

Å Affected by DBT and Pressure of 
Air.

Å Higher the RH of the air, hotter it 
will feel for Building Occupants.



Factors Affecting Thermal Comfort ïMean Radiant Temperature [MRT]
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ÅMRT is defined as uniform temperature of an
imaginary enclosure in which the radiant heat
transfer from the human body is equal to the
radiant heat transfer in the actual non-uniform
enclosure.

ÅDepends on ability of a surface to emit the
incident heat, also known as emissivity of the
material

ÅCalculatedusing Globe Temp. (Tg) & Air 
Temp.(Ta).



Factors Affecting Thermal Comfort ïAir Speed
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ÅAir Speedis defined as the averagespeed
of the air surrounding an occupant, with
respect to location, and time.

ÅMeasuredin Meter per second (m/s)

ÅElevated air speeds can be used to improve
thermal comfort beyond the maximum limit
of temperature established by codes and
standards(ASHRAE,2021)



Factors Affecting Thermal Comfort ïClothing Value
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ÅCan be defined as ñTheresistance to sensible
heat transfer provided by clothing ensembleò.

ÅThe insulation provided by an individual
garment includes effective resistance of the
garment material and the thermal resistance of
the air layer trapped between the garment and
the skin (CIBSE,2015).

ÅClothing Insulation Value(clo - I cl).



CLOTHING Clo

T-shirts, shorts, Light socks,Sandals 0.30

Shirt, Trouserssocks,Shoes 0.70

Jacket, Blouse,Long skirt, stockings 1.00

Trousers,Vest,Jacket Coat,SocksShoes 1.50
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CLOTHING LEVELS & INSULATION



Factors Affecting Thermal Comfort ïMetabolic Rates
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ÅMetabolic Rate can be defined as level of
transformation of chemical energy into heat and
mechanical work by metabolic activities within an
organism.

ÅExpressedin met units where 1met = 58.2 W/m 2.

ÅDepends on activity level, age, fitness level, etc. of
a person.



ACTIVITY Met

Seated,Relaxed 1.0

SedentaryActivity (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

ClimateSmartBuildings| LHPRanchi| PMAYUrban

M ETAB OL I CRA TE



Short term 

ph ysiological  
adjustments

Long term physiological 

adjustments

Age Gender
Health &

Wellbeing

ÅAcclimatization

Å Short term physiological
adjustments

Å Long term endocrine adjustments

ÅBody shape and fat

ÅAge and gender

ÅStatus of health

Factors affecting Thermal Comfort - Others
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Contemporary 
Approaches for 
achieving Thermal 
Comfort in buildings



Measuresto Improve Thermal Comfort

M easur es t o I m pr ove Ther m al Com for t

SHADI NG &  

GLAZING

CONTROLLED 

VENT I L AT I ON

INSULATION

COOL ROOFS

GREEN ROOFS
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Shadingreducesinternal heat gain through coincident radiation.

Thesecan reducecooling energyconsumption by 10-20%

VARIOUS METHODS TO SHADE WINDOWS

Overhangs Awnings Louvers Vertical Fins Light Shelves
Natural

Vegetation

The shading mechanism can be fixed or movable (manually or automatically) for allowing varying 

levels of shading based on
1. the sunôsposition and
2. movement in the sky

Shading & Glazing
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Shading & Glazing

Thermal
Comfort

SH ADI NG

In combination with high-performance  
glasswith low solar heat gain coefficient  

(SHGC), can reduce energy consumption 
even further by cutt ingdown or heat gain  

through radiation

GLAZING

Refers to the glass windowpanes that make up 
the building envelope. Conduction and radiation 

are the primary sources of heat gain via a 
window. radiation, which can be regulated by  

defining the parameters correctly. SHGC and U-
value, respectively.
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Controlled Ventilation
B

U
IL

D
IN

G
C

A
N

B
E

D
E

S
IN

E
D

A
S

CROSS 
VEN TI L AT I ON

STACK 
VEN TI L AT I ON

SINGLE -SIDED
VENTILATION
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Controlled Ventilation

Designingwindows andventsto dissipatewarm air and 
allow the ingress of cool air can reduce cooling energy 

consumption by 10-30%

Air Velocity range between 0.5 to 1 

m/s

Drops temperature at about 3 º C at 

50% relative Humidity
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AI R VEL OCI T Y OF 1 m / s

OfficeEnv ironment Too High

Home Env ironment
Acceptable( Especially if there is no 
resourceto active air conditioning.)



Controlled Ventilation
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Natural ventilation takesadvantageof the differencesin air pressurebetweenwarm air and cool air, aswell asconvection 
currents, to remove warm air from an indoor spaceand allow fresh cooler air in.

This alsohasthe addedadvantageof cooling the walls and roofs of the buildings that hold significant thermal mass,further 
enhancing the thermal comfort of the occupants

NATURAL VENTI LATI ON

Even in hot-dryand warm-humid  
climatezones where some air-

conditioning mayberequired during 
peak Thermal Comfort for All  

summer, bui ldingscan bedesigned  
to operatein a mixed mode to enable 

n ig h t ven t i l at i on andn at u r al  
ven t i l at i on duringcooler seasons

With Breeze Air Works Best

Absence of natural breeze
Fans can beused to improvethe flow  

of cool air

Natural ventilation promotes theoccupantsôadaptation to external
temperature, calledadaptivethermal comfort



Insulation

Heat 
Conduction  
takesplace  

through

Roof Wall s Windows

An insulating material can resist heat transfer due to its low thermal conductivity. Insulating walls and the 
r oof can r edu ce cool i ng energ y l oads by u p t o 8%
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Cool Roofs

Cool roofs areone of the passivedesign options for reducing cooling loads in buildings. Cool roofs reflect most of the 
sunlight (about 80% on a clear day)

When sunlight is incident on a dark
roof

When Sunlight is incident on a cool
roof

38% heats theatmosphere 10%heats theenv ironment

52%heats thecity air 8% heatsthecity air

5%is reflected 80% is reflected

1.5%heats thebuilding
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Cool Roofs

In the summer, a typical cool roof surfacetemperature
keeps25-35ÁC cooler than a conventional roof, lowering the 
internal air temperature by roughly 3-5ÁCand improving the

thermal performance.

The comfort of the inhabitants is improved, and the roof's
lifespan is extended.

Cool roofs increasethe durability of the roof itself by
reducing thermal

expansionand contraction.

Apart from helping enhancethe thermal comfort in the top
floor and helping reduceair -conditioning load, cool or

white roof or pavements alsooffer significant reduction in
urban heat island effect

The cities of Jodhpur and Jaipur are from extremely hot state of Rajasthan, where most of the city homes are painted in light

blue and light pink colours, are examples of practical application of this age-old traditional design style.
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Green Roofs

A green roof is a roof of a building that is partially or completely covered with vegetation

G
R

E
E

N
R

O
O

F
S

P
U

R
P

O
S

E

Absorbing Rain Water

ProvidingInsulation

Helping lower urban air  
temperatures

Mitigating theurban  
heat island effect
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Green Roofs

Reduction in Energy use is an important feature of Green Roofing

ClimateSmartBuildings| LHPRanchi| PMAYUrban

GREEN ROOFS IN BUILDINGS ALLOWS

During cooler Winter Months Retain their heat

Dur ing hott er Summ er Months Reflecting and absorbing solar radiations
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Thermal Comfort 
Metrics



Thermal Comfort Metrices ïPreference, Comfort and Acceptability
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Metabolic Rate

Clothing Insulation

Air Temperature

Air Velocity

Mean Radiant 
Temperature

Relative Humidity

PMV Balance

Storage = Production - Loss

Thermal Sensation

Thermal Acceptance 
(Thermal Comfort)

Thermal Preference

Thermal Satisfaction

Thermal Comfort Metrices



Thermal Comfort Metrices ïPreference, Comfort and Acceptability
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PMV Sensation Value Acceptance Value Preference Value

-3 Cold - -

-2 Cool Very Unacceptable Want Cooler

-1 Slightly Cool Unacceptable Want Slightly Cooler

0 Neutral - No Change

+1 Slightly Warm Acceptable Want Slightly Warmer

+2 Warm Very Acceptable Want Warmer

+3 Hot - -



Thermal Comfort Metrices ïPMV
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Source: Guenther, S. (2021). What Is Pmv? What Is Ppd? The Basics of Thermal Comfort. Simscale. Simscale. Retrieved from https://www.simscale.com/blog/2019/09/what -is-pmv-
ppd/

Band PMV Range

A -0.2 < PMV < +0.2

B -0.5 < PMV < +0.5

C -0.7 < PMV < +07

Acceptable thermal comfort bands listed in ISO 7730:2005



Thermal Comfort Metrices ïPPD
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Band PMV Range PPD% Temperature ( ƁC)

A -0.2 < PMV < +0.2 < 6 24.5 ± 1

B -0.5 < PMV < +0.5 < 10 24.5 ± 1.5

C -0.7 < PMV < +07 < 15 24.5 ± 2.5

PPD ranges corresponding to acceptable PMV 
ranges as defined in ISO 7730:2005

Predicted Percentage of Dissatisfied occupants 
(PPD) refers to the percentage of

occupants likely to experience thermal 
dissatisfaction out of the total number of

occupants. ISO 7730:2005 defines the hard 
limit as ranging between -2 and +2, for

existing buildings between -0.7 and +0.7, and 
new buildings ranging between -0.5

and +0.5.



Thermal Comfort Metrices ïDegree Discomfort Hours
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Source: vecteezy. (n.d.). Hot weather thermometer. vecteezy. Retrieved from https://www.vecteezy.com/vector -art/583489 -hot-weather -thermometer -icon-vector

Ç Calculated based on India Model 
for Adaptive (thermal) Comfort 
(IMAC).

Ç Summation of difference of hourly 
operative temperature and IMAC 
band acceptable temperature only 
for hours when temperature goes 
outside IMAC temperature band 
with 80% or 90% acceptability 
range. 

Basis of Eco Niwas Samhita RETV value

Same as Discomfort Degree Hours

Total discomfort degree hours across the year 
against the comfort definition*

*National Building Code 2016 (India Model for 
Adaptive Comfort)

Formula for DDH (Annual)

ÅT iïMeasured or Achieved Operative Temp. 
at ith hour

ÅTacceptable - Either the lower ( TLower) or the 
upper limit ( TUpper) of the targeted operative 
temperature based on IMAC comfort model.
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Affecting
Thermal Comfort



Building Physics Affecting Thermal Comfort

Energy & Heat

Macroscopic 
Energy

Microscopic 
Energy

Kinetic 
Energy

Potential 
Energy

Sensible 
Energy

Latent 
Energy

Chemical 
Energy

Atomic 
Energy

resulting from the movement of molecules or 
atoms in translation, rotation, and vibration

energy released or gained to switch phases

as a result of atomic bonds

due to connections that exist within the nucleus.
The total amount of energy 

produced by the 
configurations, forces, and 
motion of its molecules 
and/or atoms is known as 
its internal energy.

As chemical and atomic energy are not relevant in the context of buildings, the 
phrase "internal energy" is limited to perceptible and latent energy.
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Building Physics Affecting Thermal Comfort

Energy & Heat

SYSTEM
( a part of entire 

Building )

Mass/Energy 
entering 
system

System 
boundary

Surroundings (external environment)

Mass/Energy 
Leaving system

Energy and mass exchange between system and external 
environment across system boundary

A system, in terms of thermodynamics, is an area that 
is being studied, such as a room, floor, or building. A 

system border establishes the region's size, while 
elements outside of that boundary make up the 

external environment. As a result, a thermodynamic 
system is defined as a space-bound area or a volume of 
matter enclosed by a closed surface (ASHRAE, 2021). 
Over this system boundary, mass and/or energy are 

exchanged.

An open system is one that enables both energy and 
mass exchange with its surroundings, whereas a closed 

system only permits the exchange of energy and 
excludes mass. However, it is important to note that in 

order to distinguish between the system and its 
surroundings in both systems, a real or hypothetical, 

fixed or moveable boundary must be established 
(ASHRAE, 2021) This line may be rigid or flexible.The envelope is regarded as the boundary when a building is viewed as a system in order to 

comprehend its thermal interactions with the surrounding environment.
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Building Physics Affecting Thermal Comfort

Energy & Heat

Work 'W' is done when Force 'F' moves a body of 
mass 'm' over distance 'x'

Energy of a system is its potential to do work.

Mechanical work (W) is defined as when a force (F) 
moves a mass (m) over a distance (x), as shown in 

Figure. An organism uses its internal energy to 
change its environment.

Similar to how heat is lost from a system at a higher 
temperature to a cooler environment, internal energy 

is also lost.

M N
F

X

Thermal energy is caused by the motion of molecules and/ or intermolecular forces (ASHRAE, 2021).

ClimateSmartBuildings| LHPRanchi| PMAYUrban

What is Energy ?



Building Physics Affecting Thermal Comfort

the amount of 
heat transferred 
inside a building 
is a function of 
the following

building envelope 
characteristics 

operation patters 
of the openable 
elements of the 

building envelope 

climate of the 
place where 
building is 
situated.
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Building Physics Affecting Thermal Comfort

Factors Influencing Heat Transfer

Spatial Characteristics

Material 
Specifications

Amount and nature of 
incident heat energy

Amount of heat 
energy transferred 

indoors

Heat Gains in the 
Building

Å The amount of thermal energy on the surface of various building elements is visible in thermography 
images of buildings and people in various built environments.

Å Figure demonstrates that the distribution of thermal energy among its users and in any indoor or outdoor environment is not u nif orm. This 
implies that heat is constantly being transferred between the surfaces of different items, people inside, and the air inside.Building heat 
transmission occurs at the building envelope, much as how heat transfer between a human body and the air around it occurs at the skin's 
surface.

Role of Spatial Characteristics & Building materials 
in heat ingress

ClimateSmartBuildings| LHPRanchi| PMAYUrban



Building Physics Affecting Thermal Comfort

Energy

Low GradeHeat High Grade Work

Macroscopic

Kinetic Potential

Microscopic

Chemical
(Atomic bonds)

Atomic
(Bonds within thenucleus)

Sensible
(translational+ rotational +vibrational)

Latent
(Phasechange)

Sum of all microscopic forms of energy = Internal Energy

Forms of Energy
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Building Physics Affecting Thermal Comfort
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DU =Q-W

æU- change in internal energy 

Q - heat added to the system 

W - work done by the system

Establishes a relationship between a
systemôs

Å Internal energy

Å The work performed by (or to) the system, and

Å The heat removed from (or  added to)  the 
system

The internal energy of a system performing work or
losing heat decreases,whereasa system's internal energy
rises if it gains heat or is subjected to work .

1st Law of Thermodynamics



Building Physics Affecting Thermal Comfort
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ÅThe natural (spontaneous)direction of
heat flow betweenbodiesis from hot to
cold.

ÅHeat movesfrom higher
temperature to
lower temperature

T2

T1

(T2 > T1)

2nd Law of Thermodynamics



Building Physics Affecting Thermal Comfort

Modes of Heat Transfer

Conduction

Convection

Radiation

Modes of Heat 
Transfer
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Heat Transfer in Buildings ïConduction Principles
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Conduction

q

Source:Rawal, R. (2021, December22). Heat Transfer and Your Building Envelope. Solar Decathlon India. Retrieved April 13,2022, from
https://solardecathlonindia.in/events/

Tsurf1 Tsurf2

Tsurf1>Tsurf2
Occursin a stationary
medium

Hot objectswith higher energy

(due to intense random molecular
motions)

transfer heat to

Cool objectswith lesser 

energy (due to lower

molecular motions)

https://solardecathlonindia.in/events/


Heat Transfer in Buildings ïConduction Principles
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Steady-state (t im e-in depende nt ) heat
conduction through a layer (thickness d,
thermal conductivity k) with surface

temperatures T1 and T2

T -T
q =k 1 2

(W )
-T2

d
Q =k A

T1

T1 T2

q is theheatflux 

In Watts/m2

d

Q is theheatrate

In Watts



Heat Transfer in Buildings ïConduction Principles
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q depends on?

ÅTemperature difference

ÅThicknessof the layer (d)

ÅThermal conductivity (k) which is a property of 
the material

Thermal conductivity (k)

Åproperty of the material

Åfunction of moisture and temperature

ÅWĀm-1ĀK-1

Energy(J)perSecond(s)

J/s= W

T= i

1m2

T= i+1



Heat Transfer in Buildings ïConduction Principles

Energy & Heat MATERIALS DENSITY 
(kg/m 3)

THERMAL 
CONDUCTIVIT

Y (W/ m.k )

SPECIFIC HEAT 
CAPACITY ( J/ kg.K )

Walls

Autoclaved Aerated Concrete Block 
(AAC)

642 0.184 0.794

Resource Efficient Bricks (REB) 1520 0.631 0.9951

Concrete block (25/50) 2427 1.396 0.4751

Concrete block (30/60) 2349 1.411 0.7013

Calcium Silicate Board 1016 0.281 0.8637

Cement Board 1340 0.438 0.8113

Sandstone 2530 3.009 1.5957

Stone (Jaisalmer Yellow) 3006 2.745 2.0954

Stone (Kota) 3102 3.023 2.0732

Bamboo 913 0.196 0.6351

Thermal conductivity, 
density and specific heat 

capacity of common 
building materials and 

surface finishes

Source: Thermo-Physical-Optical Property 
Database of Construction Materials, U.S. -

India Joint Center for Building Energy 

Research and Development (CBERD) and 
Ministry of New and Renewable Energy 

(MNRE) 
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Heat Transfer in Buildings ïConduction Principles

Energy & Heat

MATERIALS DENSITY 

(kg/m 3)

THERMAL 

CONDUCTIVITY 
(W/ m.k )

SPECIFIC HEAT 

CAPACITY ( J/ kg.K )

SurfaceFinishes

Plaster of Paris (POP) powder 1000 0.135 0.9536

Cement Plaster 278 1.208 0.9719

Plywood 697 0.221 0.7258

Thermal conductivity, 
density and specific heat 

capacity of common 
building materials and 

surface finishes

Source: Thermo-Physical-Optical Property 
Database of Construction Materials, U.S. -

India Joint Center for Building Energy 

Research and Development (CBERD) and 
Ministry of New and Renewable Energy 

(MNRE) 
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Heat Transfer in Buildings ïConduction Principles

ClimateSmartBuildings| LHPRanchi| PMAYUrban

Conduction through walls



Heat Transfer in Buildings ïConvection Principles
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Convection

Tfluid

Tsurf

Tsurf > Tfluid
Å Convection heat transfer needsa fluid (gasor

liquid) medium and involves bulk fluid motion

Å The heated fluid moves away from the source of
heat, carrying energy with it causing convection
currents that transport energy

Source:Rawal,R. (2021,December22).HeatTransferandYourBuilding Envelope.SolarDecathlonIndia. RetrievedApril 13,2022,from

https://solardecathlonindia.in/events/

https://solardecathlonindia.in/events/


Heat Transfer in Buildings ïConvection Principles
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Convectiveheat transfer (Q) betweena
fluid and a surface is
Q temperature difference
Q area of the surfacein contact

ὗ= h ὃǧT

Q = heat transfer by convection, W
A = surfacearea,m2
ǧT =TÐïT1at somespecified location, K
h = heat transfer coefficient, W·m-2·K-1



Heat Transfer in Buildings ïConvection Principles
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Surface resistance (ISO 6946)

Heat flow 
direction

Rsi

[m2ĀKĀW-1]

Rso

[m 2ĀKĀW-

1]

Horizontal  
(±30o)

0.13 0.04

Up 0.10 0.04

Down 0.17 0.04

Surface conductance

Conductanceof the thin film of air at the surfaceof the
material/body

Åh = surface/film conductance

ÅWĀm-2ĀK-1

ÅSurface/film resistanceRs = 1/h



Heat Transfer in Buildings ïConvection Principles
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Surface conductance = Surface film conductance=
Equivalent conductance=
Heat transfer coefficient = h

h= hc + hr

hc = convective heat transfer coefficient

hr = radiative heat transfer coefficient

Natural Convection ïForced Convection

Source: Cappuccino. (n.d.). freepik . Retrieved from https://www.freepik.com/photos/cappuccino , Indiamart . (n.d.). Usha Table Fan. Indiamart . Retrieved from 

https://www.indiamart.com/proddetail/usha -table-fan- 19384320588.htm l

Heat transfer coefficient

https://www.indiamart.com/proddetail/usha-table-fan-19384320588.html


Heat Transfer in Buildings ïConvection Principles
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ÅSurface film resistance or conductance 
considersboth radiative and convective 

heat transfer

ÅVarieswith

ÅOrientation of the surface

ÅSurfaceemittance

ÅDirection of heat flow

ÅAir velocity

ÅSurfaceand air temperature, and
the temperature difference

ɗ

Convectiveheat transfer is a function of angle(ȅ)

Solarcollector
Noconvection

Maximumconvection



Heat Transfer in Buildings ïConvection Principles
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Airflow through a room
Wall temperatures of the room at 30 0C
Heat transfer coefficient on inside =10 W/m2K

Wind -induced airflow

Stack effect

Buoyancy driven wind flow

Source:Tripadvisor. (n.d.). Padmanabhapuram Palace. Tripadvisor. Retrieved from https://www.tripadvisor.in/Attraction_Review-g608476-d3705659-Reviews-

Padmanabhapuram_Palace Kanyakumari_Kanyakumari_District_Tamil_Nadu.html

https://www.tripadvisor.in/Attraction_Review-g608476-d3705659-Reviews-Padmanabhapuram_Palace-Kanyakumari_Kanyakumari_District_Tamil_Nadu.html
https://www.tripadvisor.in/Attraction_Review-g608476-d3705659-Reviews-Padmanabhapuram_Palace-Kanyakumari_Kanyakumari_District_Tamil_Nadu.html


Heat Transfer in Buildings ïRadiation Principles
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Radiation

Tsurf2

Tsurf1

q1

q2

Å Radiation heat transfer is a processwhere
heatwavesare emitted that may be absorbed,
reflected, or transmitted through a colder
body.

Å Energy has an electric field and a magnetic
field associated with it,

ÅWave-like properties.ñelectromagnetic
wavesò

ÅWide range of electromagnetic radiation in
nature. Visible light is one example.

Å Others include forms like ultraviolet
radiation, x-rays, and gamma rays.

Source:Rawal, R. (2021, December22). Heat Transfer and Your Building Envelope. Solar Decathlon India. Retrieved April 13,2022, from
https://solardecathlonindia.in/events/

https://solardecathlonindia.in/events/


Heat Transfer in Buildings ïRadiation Principles
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The behaviour of a surface with radiation incident upon it
can be described by the following quantities :

= absorptanceïa fraction of incident 
radiation absorbed
= reflectance- fraction of incident
radiation reflected
= transmittance ïa fraction of incident 
radiation transmitted.

+h +́ =̱ 1



Outdoor Climate & Heat Transfers - Climate Zones of India
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Conduction Convection Radiation

Spatial Material &
Methods

Spatial Material &
Methods

Spatial Material &
Methods

Walls

Fenestra t ion
s  (Windows)

Roofs

V. Low

Low 

Neutral  

High

V. High

Source:Rawal , R. (2021, December22). Heat Transfer and Your Building Envelope. Solar Decathlon India. Retrieved April 13,2022, from https://solardecathlonindia.in/events/

https://solardecathlonindia.in/events/


Heat Transfer in Buildings ïDesign Strategy 
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Conduction Convection Radiation

Geometry - Massing HD WH All Climates

Orientation WH All Climates

External Surfaceto Building Volume 

Ratio
HD WH HD

Extent of Fenestration and Thermal 

Characteristics
HD WH All Climates

Internal VolumeïStackVentilation X HD X

Location of FenestrationïPressure 

Driven Ventilation
X WH X

V. Low

Low 

Neutral  

High

V. High

WH: Warm Humid 
HD: Hot -Dry
TE: Temperate CM:
Composit e  CO:
Cold

Source:Rawal , R. (2021, December22). Heat Transfer and Your Building Envelope. Solar Decathlon India. Retrieved April 13,2022, from https://solardecathlonindia.in/events/

https://solardecathlonindia.in/events/


Heat Transfer in Buildings ïDesign Strategy 
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Thermal Conductivity
R Value ïU Value

Thermal Mass
Specific Heat

Thermal Diffusivity

Thermal Conductivity ïFramesand Glass
R Value ïU Value

SolarGains
Solar Heat Gain Coefficient

Visual Light Transmittance
VLT

Thermal Conductivity
R ValueïU Value

Thermal Emissivity
Solar Ref l ect ance

Å W alls
Å Internal
Å External

Å Fenestrations

Å Windows
Å Skylights

Å Doors

Å Roofs
Å Floors

Å Foundations

Source:Rawal, R. (2021, December22). Heat Transfer and Your Building Envelope. Solar Decathlon India. Retrieved April 13,2022, from
https://solardecathlonindia.in/events/

https://solardecathlonindia.in/events/
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Heat Balance & 
Adaptive Thermal
Comfort Method



Comfort Theory - Heat Balance Method
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Source: Fantozzi, F., &amp; Lamberti, G. (2019). Determination of thermal comfort in indoor sport facilities located in Moderate Environments : An overview. Atmosphere, 
10(12), 769. https://doi.org/10.3390/atmos10120769

The heat balance method presents a physics based 
mathematical model that establishes thermal comfort when 
heat loss from the body is exactly equal to heat produced 
within the body. The heat balance method gives following 
equation:

M-W= qsk+qres+S=(C+R+ Esk )+(Cres+ Eres )+(Ssk+ Scr)

Where,

M = Rate of metabolic heat production, W/m 2

W = Rate of mechanical work accomplished, W/m 2

qsk = Total rate of heat loss from skin, W/m 2

qres= Total rate of heat loss through respiration, W/m 2

C+ R = Sensible heat loss from skin, W/m 2

Esk = Total rate of evaporative heat loss from skin, W/m 2

Cres = Rate of convective heat loss from respiration, W/m 2

Eres = Rate of evaporative heat loss from respiration, W/m 2

Ssk = Rate of heat storage in skin compartment, W/m 2

Scr = Rate of heat storage in core compartment, W/m 2



Comfort Theory - Heat Balance Method

ClimateSmartBuildings| LHPRanchi| PMAYUrban

In order to be 
comfortable: -

Heat production = Heat loss from the 
body

Heat loss > Production, then you feel 
Cold

Heat loss < Production, then you feel 
Hot

Source: Fantozzi, F., &amp; Lamberti, G. (2019). Determination of thermal comfort in indoor sport facilities located in Moderate Environments : An overview. Atmosphere, 
10(12), 769. https://doi.org/10.3390/atmos10120769



Comfort Theory ïAdaptive Thermal Comfort Method
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Source: Fantozzi, F., &amp; Lamberti, G. (2019). Determination of thermal comfort in indoor sport facilities located in Moderate Environments : An overview. Atmosphere, 
10(12), 769. https://doi.org/10.3390/atmos10120769

Physiological Thermoregulation

Thermo reception & Integration

Body Heat- Balance

Indoor Climate

Human Thermal Comfort Depends upon

Physiology

Psychology

Behaviour

Behavioural Thermoregulation

Thermal Dis/ Comfort
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Local Thermal   
Discomfort



ASHRAE 55 Human Comfort Range as per ASHRAE 55 Standard

Most Humans are  
comfortable under  

this conditions

Winters Summer

74ÁF to 80ÁF
60% to 30% RH

68ÁF to 76ÁF
60% to 30% RH

ClimateSmartBuildings| LHPRanchi| PMAYUrban

To accommodate Local thermal Discomfort, most standards like ASHRAE
specify conditions to ensure 80% acceptability of the thermal environment amongst

occupants.



THERMAL ENVIRONMENTS CAN BE DIVIDED LOOSELY INTO THREE BROAD CATEGORIES:

THERMAL COMFORT

Broad satisfaction with the Thermal 

Environment i.e. most peopleare neither too 
hot nor too cold.

ClimateSmartBuildings| LHPRanchi| PMAYUrban

Peoplestart to feeluncomfortable i.e. they are 
too hot or too cold, but arenot made unwell  

by the conditions.

Heat stress or cold stress,is where the 
thermal env ironment will cause clear ly  

defined harmful medical condit ions, such as  
dehydration or frost bite

THERMAL DISCOMFORT

THERMAL COMFORT THERMAL COMFORT



Local 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.

ClimateSmartBuildings| LHPRanchi| PMAYUrban

To accommodate Local thermal Discomfort, most standards like ASHRAE
specify conditions to ensure 80% acceptability of the thermal environment 

amongst occupants.



Local Thermal Discomfort - Causes
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Local Thermal Discomfort is primarily caused by 

the Asymetric Thermal Radiation. Where :

Radiant asymmetry is defined as the difference in 

radiant temperature of the environment on 
opposite sides of the person/ Difference in radiant 

temperatures seen by a small flat element looking in 
opposite directions

(ASHRAE, 2021)

Radiant Asymmetry Types in Buildings

Radiant Temperature AsymmetryïWalls and Roof

Radiant Temperature Asymmetry ïFloors

Radiant Temperature Asymmetry Between 
head and ankles



Local Thermal Discomfort due to Radiant Temperature Asymmetry ïWalls 
and Roof
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Warm Ceiling

Cool Wall

Cool Ceiling
Warm Wall

0 5 10 15 20 25 30 40
1

2

3

5

10

20

30

50

100

Occupant dissatisfaction levels due to radiant temperature 

asymmetry in walls and roof.
Source: Abushakra Bass, Akers Larry, Baxter Van, Hayte Sheila 

& Paranjpey Ramesh (2017). ASHRAE
Fundamentals SI edition.

Radiant Thermal 
Asymmetry (15 C) 

Cause

Warm 
Ceiling

Cool 
Walls

Cool 
Ceiling

Warm
Walls

PPD 40% 20% 8% 2.5%

Percentage of dissatisfied occupants with radiant 
thermal asymmetry of 15 °C

The descending order of PPD expressed in radiant 
thermal asymmetry for walls and ceilings can be given as

Warm Ceiling > Cool Wall > Cool Ceiling > 

Warm Wall .



Local Thermal Discomfort due to Radiant Temperature Asymmetry ïWalls 
and Roof
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40% dissatisfied 20% dissatisfied

8% dissatisfied 2.5% dissatisfied

ÅRepresentation of radiant 
thermal asymmetry in walls 
and roof with resultant 
percentages of dissatisfied 
occupants.



Local Thermal Discomfort due to Radiant Temperature Asymmetry ïFloors
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80

Occupant dissatisfaction levels due to radiant temperature asymmetry in 
floor.

Source: AbushakraBass, Akers Larry, Baxter Van, Hayte Sheila & 
Paranjpey Ramesh (2017).

ASHRAE Fundamentals SI edition..

Categorization of Floor 
Temp.

Cold Cool/ 
Neutral

Warm

Floor Temperature 15 °C 24 °C 36 °C

PPD 20% 6% 35%

Percentage of dissatisfied occupants with radiant 
thermal asymmetry of 15 °C

The descendingorder of PPD expresseddue to floor temperature
is Warm Floor > Cold Floor> Cool Floor . An explanation of why
cooler or neutral floor temperatures are preferred over warm
floors lies in the understanding of

Ç the amount of hot and cold receptors present at the base of 
our feet

Ç The sensitivity level of these receptors towards heat or 
coolth.

35

8



Local Thermal Discomfort due to Radiant Temperature Asymmetry ïHead 
and Ankles
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0 2 4 6 8 12
1
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6

10

20

40

60
80

Percentage of Seated People Dissatisfied as Function of Air Temperature
Difference Between Head and Ankles

Source: Abushakra Bass, Akers Larry, Baxter Van, Hayte Sheila & 
Paranjpey Ramesh (2017). ASHRAE

Fundamentals SI edition.

Categorization of Floor 
Temp.

Cold Cool/ 
Neutral

Warm

Floor Temperature 15 °C 24 °C 36 °C

PPD 20% 6% 35%

Percentage of dissatisfied occupants with radiant 
thermal asymmetry of 15 °C

The descendingorder of PPD expresseddue to floor temperature
is Warm Floor > Cold Floor> Cool Floor. An explanation of why
cooler or neutral floor temperatures are preferred over warm
floors lies in the understanding of

Ç the amount of hot and cold receptors present at the base of 
our feet

Ç The sensitivity level of these receptors towards heat or 
coolth.

10

8

4

Air Temp Difference between head and Ankles °C



Session 4: Passive Strategies & Building Materials

DAY 1
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Affordable Housing & 
Passive Design
Strategies



PassiveStrategies & Building Physics

Climatic  
Zone 
Level

SiteLevel

Block  
Level

Unit Level

Temperature, rainfall, wind direction, 
sun radiat ion, humidity, andother  

environmental factors are taken into 
consideration when designing.

To takeadvantageof theposit iveaspects
of the site and its microclimatic features
while minimising the negativeaspects.

Interact ion of theblock wi th i ts  
surroundings and plantsto ensure that i t  

hasadequateheating, venti lat ion, and  
lighting.

Design solut ions that influence heat,  
light, and venti lat ion based on climatic  

variablesat theunit level.

ClimateSmartBuildings| LHPRanchi| PMAYUrban

PassiveMeasures Levelof Response



PassiveStrategies & Building Physics

PASSIVE

MEASURES

Site Level

Unit Level

Climatic Zone Level

Heating/Cooling

Block Level

Heating/Cooling

Ventilat ion

LightingLighting

Ventilation

ClimateSmartBuildings| LHPRanchi| PMAYUrban



PassiveStrategies & Building Physics

Passive MeasuresïClimatic Zone Level

Vernacular / traditional architectural typologies 
that respond to the region's distinct environment 

are best exemplified.

Example
Å In Ladakh, earth architecture with thick wall s  

and limited windows provides optimal 
insulation.

Å In Rajasthan, courtyard havelis take  

advantage of pressure differences and  
reciprocal shading to provide natural cooling 

and ventilation.
Å In Kerala, sloping roofs are used to guard  

against severe rains.
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PassiveStrategies & Building Physics

Passive MeasuresïSiteLevel

Reducing the 'heat island' effect
approaches like:

with

Courtyards / open courts are often surrounded by 
construction.

Taking advantage of block mutual shading 

Using site massing to create wind passageways

lowering the amount of hard paving to allow for 
water absorption

Using complementary vegetati on to manage the  
amount of sunlight that gets through asthe  
seasons change
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PassiveStrategies & Building Physics

Passive MeasuresïLeveraging Plantation

Planting treesin the right placesto 
provideshadeand venti lat ion can  
significantly reducetheseveri ty of  

intense weather. During  
heatwaves in Adelaide, a research  

found that districtswi th more  
vegetation cover remained cooler  

by up to 6ÁC.
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