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Growing Opportunities with Rapid Urbanization

Urban and rural population
India Rap Urban population by size class of urban settlement

M Urban ® Rural India
10 million or more M5 to 10 million M1 to 5 million
11500,000 to 1 million 300,000 to 500,000 Below 300,000

1500- 600,000-
Cities, which will
2 _ contribute over 80% to
% 1000 o Ay GDP by 2050, needto be
= g | Receptive, Innovative,
2 § | - and Productive to foster
& 500 c‘:;i 200,000 71 aites sustainable growth and
ensurea better quality of
living
0- 0-
1950 1975 2000 2025 2050 1990 2018 2030
Year Year

Note: Urban and rural population in the current country.
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B ndustry B Residential BCommercial ¥ Agriculture M others

1066 Twh

B |ndustry M Residential ® Commercial Agriculture  ®others

2239 Twh

Residential Buildings: Fast Growth in Electricity Consumption.
*ESS NITI Aayog
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A Residential buildings consumes

around 255 TWh electricity in 2017,
the electricity consumption in
residential buildings is expected to
multiply by more than 3X and
reach around 850 TWh by 2030.
Increased penetration of air-
conditioning / HVAC in
residential building is the key
reason for this growth.

Residential buildings will become
the largest end-user of
electricity in  the country
acoounting for 38% of the total
electricity consumption.
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MoHUA Initiates for Urban Transformation

1 6 Smart Cities
RAY Mission
M PMAY (U) 7 XJNNURM
y DAY - NULM - N
Flagship Missionsunder the Ministry of
Housing & Urban Affairs (MoHUA) aim
HRIDAY to achieve Transformative, Inclusiveand

Sustainabledevelopment through

planning, development and reforms for
M AMRUT achieving Urban Transformation.
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Affordable Housing in India

Affordable housing,as defined by
the National Planning Policy
Framework,is housingfor saleor
rent for thosewhoseneedsare not
metby the market

(U )

T He
ST ATAAT- 9T
Pradhan Maniri Awas Yojana-Urban

o KI' he provision of affordab@
- — :-;;_\ housingis a key elem?ntof the
Awaas Iujana-l‘ira{nin\B Gover nnpiam tooend the
T WS STETE AT - DT hOUSIngCI‘ISIS,tacklehome|essnes&5

w and provide aspiring homeowners
kwith astep onto thehousing Iadderj
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Pradhan Mantri AwasYojnai Urban

A PMAY-U, launched in 2015, aims to provide housesfor

_ _ _ All weather
homeless.The Government is offering this schemeto all housingunits
UT's and states. It alsooffers interest subsidy for Home with water,
loansfor first timebuyersin urban areas = ggﬁ@f”’
: . . . ty &
A Theresidential buildings expectedto increaseby 2 Adequate Toilets
timesin terms of floor area by 2030 Ph&és'cd?nd \Women
A 12 million new affordable homesin Urban areasunder ocla Empowerment
Infrastructure PMAYU
PMAY by 2022.
Features
A significant Very low Ensuring
percentageisin penetration of Thermal
theform of high air conditioning comforts to _ Betterquality of
density, multi- though majority occupants Securityof life foqr Urb)z;n
storey haveceiling through design SUIHE Poor's
residential fans is of prime
blocks importance.

>

>
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Pradhan Mantri AwasYojnai Urban

The mission is addressing the affordable housing requirement in Urban areasthrough following program
verticals:

Subsidiary for beneficiary led

individual house Affordablehousngin
construction/enhancement. In- partnership with Public &
Situ Slum Redeve opment Private Sedors

(ISR) for Slums

Slum rehabilit ation of Slum

Promotion of Aff ordable : N
. - dwellerswith participationof
Housing throulg);h_ CCI:redlt linked private developersusing Land
Subsidy asaresource
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Project Objectives

Pradhan Mantri Awas Yojana-Urban

10 lakh
11.2million dwellin ;
uziltsloar;ebein g 7.35lakh crores occupantsin the
e dg investment EWSI/LIG category
constructe el . :
benefitting Adequate physical & All weather

social infrastructure hsouing units

Women

CHINPOMWCTOITIC T |

Better quality of
life for urban poor

Key features of PMAY -U projects
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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.

54 Innovative Light House
GHTC -India Construction projects with 6
Technologies selected
ot technologies
Shortlisting 9
AGARTALA, CHENNAI, TAMIL INDORE, MADHYA LUCKNOW, RAJKOT, RANCHI,
TRIPURA NADU PRADESH UTTAR PRADESH GUJARAT JHARKHAND
Light Gauge Sted Precast Concrete Prefabricated Stay-in-place Monolithic Precast  Concrete
Structural System & Construction System- Sandwich Panel Formwork System Concrete Construction
Pre-Engineered Steel Precast Components System Construction System-3D .Pre
Structural System Assembledat Site System Cast Volumetric
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Components of GHTC India

AGrand Expo and Conferenceon Alternative and Innovative
Construction Technologies

1
Aldentifyingand Mainstreaming Proven Demonstrable
2 Technologiesfor the Construction of Light House Projects
Aldentifying Potential Future Technologiesfor Incubation and
Acceleration Support through ASHA'T India (Affordable
3 sustainable Housing Accelerators)
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GHTdAndia Launch:

"’!ﬁ"n ‘ Indian Housing
14t Jan 2019 |

Ul il Technology Mela,
] Lucknow: %' Oct 2021

Indian Urban Housing Conclave,
Rajkot: 19" Oct 2022
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Book Launchesby MoHUA under GHTC India Challenge

Compendium of Light b @”"*“‘"’“ B

Light House Project - Rajkot, Gujarat
inéer Ghal Rusing Techsulogy Cradlenge-india (BHTC-ded

House Project Rajkot =

Compendium of Light
House Project Chennai

- 2
Fanlnthr wrie ihkan
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Handbook on Innovative

Construction Technologies SSessEaE:
Thermal Comfort p&iie

ClimateSmartBuilding

Compendium of
Light House Project - Chennai, Tamil Nadu
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Compendium of 75 Trainings
% & Workshops under RACHNA
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Climate Smart Buildings Programme (I GEN-CSB)

Reduce the demand

for air-condition ing Curtail 30 metric

tonnes of CO2

= 0
Affordable £ SO
Support the
Clim ate Improve health and commitment of Gol
ST wellbeing of people towards reducing
e CO2 emissions

Buildin
. Thermally

T ® ® ¢

Key features of aClimate
Smart Building Resultsof aClimateresponsive

building design

Climate
Resilient
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Chandigarh Dadar & Nagar Guijarat Haryana Rajasthan
Haveli, Daman
& Diu
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Project Objectives

B ®
0o O
— AN
WP 2: Technical assistanceto
enhancethermal comfortin WP 3: Inclusion of climate

W P1: Facilitate upcoming Demonstration resilience andthermal comfort WP 4: Capacity development

implementation and Housing Projects (DHPs) and requirementsin building of Govt officials and private
monitoringof Light House ARH Cs(Affordablerental byelawsand Local stakeholderson thermad
Projects (LHPs) housing complexes) and other Government framework in comfort in theWest Cluster
Public/ Private housing West Cluster

projectsin West Cluster
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Session 1: Innovative Construction Technologies of Light House
Projects, LHP Study and Observations
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New Agdnnovative
ConstructionTechnology ¢
LHPS
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Light House Projects

A The aim of the assignmentis to introduce thermal
comfort into the foray of affordable housing, a
critical design & thus usability aspectwhich
unfortunately hasbeenmissing from the current
nature of affordable housing in India.

A Although studies & policies like the green
guidelines for PMAY projects, Eco-Niwas Samhita
Part-1, Star Labelling of energy efficient homes etc
have beenaround but what the sector really needs
IS specific, easyto comprehend provisions which
can be mandated & enforced in asteadfastway
which is exactly what this project intends to do

ClimateSmartBuildingg LHPRajkot| PMAYUrban



GLOBAL © Ministry of Housing /- PO
Light House Projects
Outcome
Strategic Intent + Successful model for the implementation &
documentation of LHPs

» Seamless implementation of LHPs

* Assist in knowledge transfer through documentation
of technologies used & implementation of LHPs

* Technical assistance to achieve thermal comfort in
demonstration projects

» Support the implementation of thermal comfort
provision in state legislature

+ Databank of technologies , relevant materials in the
state analyzed around various relevant parameters

+ Replicable models for thermally comfortable
affordable houses in Gujarat (climate sensitive to 3
climatic conditions in the state)

* Thermal comfort provisions mandated by the law

+ Capacity buildings around thermal comfort & » Better grasp of thermal comfort & sustainability in
sustainable construction general among the concerned stakeholders & general
public too
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What are we working on?

LHPsare model housing projectswith N\ | CurrentlytheLHP satebeing
housesbuilt with shortlisted alternate ¢ implemented in six states(Uttar Pradesh,

technology suitabletothe geo-climatic Gujarat, Madhya Pradesh, Gujarat,

and hazard conditions of the region, an Jharkhand, and Tripura) of Indiaunder

initiativeunder the Climate Smart Global Housing Technology Challenge

Building Programme. ) _ _ _
(GHTC) T India. Theseprojectswill be

These projects demonstrateand made up of modern technology and

deliver ready to live houseswith Innovative processes and reduce the

speed, economy and with better construction timeand makea more
guality of construction in a sustainable resilient, affordable, and comfortable

manner. housefor thepoor.
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Details of LHP Projects along with construction Technology Used

LHP Location

TECHNOLOGY SELECTED

NUMBER OF HOUSES TO

BE
CONSTRUCTED
Rajkot, Gujarat Monolithic Concrete Construction using Tunnel Formwork 1144
Indore, Madhya _ _
y Prefabricated Sandwich Panel System 1024
Pradesh
: : PrecastConcrete Construction Systemi PrecastComponent
Chennai, Tamilnadu > SHUCH ys : ! > P > 1152
Assembled at Site
Ranchi, Jharkhand PrecastConcrete Construction Systemi 3D Volumetric 1008
: Light GaugeSteel Structural System& Pre-engineered Steel Structural
Agartala, Tripura 1000
System

Lucknow, Uttar _

Pradesh PVC Stay in Place Formwork System 1040
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Featuresof LHP

Definition

Minimum Size of
houses

A model housing project
with approximate 1,000
housesbuilt with shortlisted
Construction technology
under GHTC Challenge,
demonstrating speed,
economy and better quality
of construction in a
sustainable manner

Available on-site
facilities

Design

Construction Period

~

J

A model housing project
with approximate 1,000
housesbuilt with shortlisted
Construction technology
under GHTC Challenge,
demonstrating speed,
economy and better quality
of construction in a
sustainable manner

A model housing project
with approximate 1,000
housesbuilt with shortlisted
Construction technology
under GHTC Challenge,
demonstrating speed,
economy and better quality
of construction in a
sustainable manner

A model housing project
with approximate 1,000
housesbuilt with shortlisted
Construction technology
under GHTC Challenge,
demonstrating speed,
economy and better quality
of construction in a
sustainable manner

Designed as per the dimensional requirements mandated in the National Building Code (NBC) 2016.

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

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

Design of Cluster involves the possibility of innovative system of water supply, drainage and rainwater harvesting, renewable energy sourceswith special focus on

solar energy.

Do Do Io Do
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Monolithic Concrete Construction using Tunnel Formwork

/ \ / Tunnel formsallow wallsand slabs to be cast in one day \

through severalphases tothe structure. The programme and

Tunnel formworkisamechanised the amount of floor areathat can be poured in one day define

cellular structure constr uction the phasing. The task to be done each day is defined by the 24-

system.Itismadeup of two half Hour cycle.In the morning, the formwork is setup for the day's

shellsthat are joined to make a pour. In the afternoon, the reinforcement and servicesare

room or acell. An apartment is installed, and concreteis poured. Concrete for walls and slabs
made up of severalcells. must be poured in one operation once reinforcing hasbeen

installed. Early in the morning, the formwork is removed and

\ / \ positioned for the next phase.
/ The assemblyline approach of the systemto construction \ / \

provides developersand contractors with benefits relating to
the certainty of their site schedule, efficient time management
and an overall reduction in cost. This enables companiesto
develop a better quality, monolithic structure that is more
acoustically and thermally efficient. The repetitive nature of
tunnel form tasks ensureshigh productivity, and optimum use
of labour and theseare of considerable benefit to the project

k manager. / k /

ClimateSmartBuildingg LHPRajkot| PMAYUrban

Thisformwork ismanufacturedin
acompletely automated facility in
France and there is no
manufacturing plant in | ndia.
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Construction Methodology T 24 Hour Cycle

1. Stripping of the
formwork from previous Theimplementation of 24-Hour Cycleshall bein
day accordancewith IS 456:20007 Code of practice
for plain and reinforced concrete. However, the
structural engineer shall furnish detailsabout the

2. Positioning of the actual process of removal of formwork after

4. Concretingand if formwork for the current .
necessary thegheating day's phase,with the casting of concrete
equiioment installation of mechanical,

Thetask to be done each dayisdefined
by the24-Hour cycle. The overall
structureisdivided into anumber of
more or lesscomparable construction
phases, each matchingto aday'swork, to
establish this cycle. The amount of labour
and equipment requiredisthen
calculated based on the magnitude of
these phases. Every day, the phasesare
similar to achieve optimal efficiency.

electrical and plumbing
services

3. Installation of
reinforcement in walls
and slabs

Stripping of the forms

Formwork positioning and assembly

Réinforcement and electrical service

Concreting and finish
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Light House Projects

Following are the details of Construction Technologiesbeing employed at the Light House Projects shortlisted
under the Global Housing Technology Challenge(GHTC) i India
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Monolithic Tunnel Formwork TechnologyT LHP Rajkot

In 6 T u n n e lteEhnotogy aoncrete walls and slabsare castin one goat site giving monolithic structure using high-precision, re-usable,
room-sized, Steelforms or molds calledé T u n n e | AR alreathdestablished Systemfor building construction in many countries, this
systemintends to replacethe conventional RCCBeam-Column structure which usessteel/plywood shuttering. 6 T u n n e kyBtentuse$
customized engineeredsteelformwork consisting of two half shellswhich are placedtogether and then concreting is done to form aroom

sizemodule. Severalsuch modules make an apartment.

4 1% Ministry of Housing 7@‘; g iz

[ Construction Process

Positioningof the
formwork for the

Stripping of the pﬂgstgnvtvi?h%h)g C g I nstall ation of
formwork from the install ation of reinforcement in Concreting
previous day. mechanical thewallsand slabs.

electrical and
plumbingservices.
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Special Features

Facilitatingrapid construction
of multi ple/ mass modular
units(similar units).

The concretecan bedesgnedto

useindustrial by-productssuch

as Fly Ash, Ground granulated
blast furnace slag (GGBS),
Microsilicaetc.resultingin

improved workability &
durability, whilealso

conserving natural resource

Makingstructuredurablewith
low maintenancerequirement.

Being Box type monolithic
structure, it is safe against
horizontal forces (earthquake,
cycloneetc.)

ClimateSmartBuildingg LHPRajkot| PMAYUrban

The precisefinishing canbe
ensured with no plastering
requirement.

Thelarge number of modular
unitsbringeconomy in
construction.
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Prefabricated Sandwich Panel Systemi LHP Indore

A An already established Systemfor building construction in China, Australia, African and Gulf countries, this factory made
Prefabricated Sandwich Panel Systemis made out of cementor calcium silicate boards and cementmortar with EPSgranulesballs,
and act aswall panels. Thesereplace conventional brick & mortar walling construction practices and can beused as load-bearing
and non-load bearing walling for residential and commercial buildings. For buildings higher than single storey, the systemcan be
usedeither with RCCor steelframed structure.

A Under this LHP, housesare being constructed using Prefabricated Sandwich Panel Systemwith Pre-Engineered SteelStructural
System.

A In this systemthe EPSCementPanelsare manufactured at the factory in controlled condition, which are then dispatched to the site.
The panelshaving tongue and groove are joint together for construction of the building.

Special Features

The sandwich panels have

Being dry walling system, light weight material as core

brings speedin construction,

! material, which brings Being light in weight results
watetr ccfmservz_atlon f(no H.Se of resource efficiency, better In lower dead load of
Lizlis PUlr eIt Lol Ui ILALe thermal insulation, “acoustics building & foundation size.

components at site). & energy efficiency.
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PrecastConcrete Construction Systemi PrecastComponents Assembeledat

site I LHP Chennai

An already establishedtechnology for building construction, Precastconcrete construction is a systemwhere the individual precast
components suchaswalls, slabs,stairs, column, beam etc, of building are manufactured in plant or castingyard in controlled conditions. The
finished components are then transported to site, erected& installed.

The technology provides solution for low rise to high rise buildings, especiallyfor residential and commercial buildings.

[ The construction processcomprises of manufacturing of precast concrete Columns, Beamsand Slabsin steelmoulds.

Casted components

are then moved to These precast
- Concrete is poured stacking yard where components are
ca-lg-;r(]ees;(raén;?e:ggangtntth . and compaction of curing is done for installed at site by
required position in concreteis done by requited time and crane and assembled
L shutter/ needle then these through in-situ
' vibrator. components are ready jointing and/or
for transportation and grouting etc.

erection at site.

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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PrecastConcrete Construction Systemi PrecastComponents Assembeledat site i

LHP Chennal

Special Features

Theconcrete can bedesigned

Nearly all components of with industrial by-products such

buildingwork are

] : Thecontrolled factory as Fly Ash, Ground granulated
manu;?gtg‘rteﬁemopi)rll?ﬂ;[/ of 'ng environment bringsresource blast furnace slag (GGBFS), limi £l
T e e A T optimization, improved Micro silica etc. resultingin ElminEEs 2l 0l 2EET-
P quality, precision & finish. improved workability &

leadingto reduction in

sarC e durability, whilealso conserving

natural resources.

Helpsin keepingneat & clean
construction siteand dust free
environment.

Optimum use of water through Useof shuttering & scaffolding All weather construction &
recycling. materialsis minimal. better site organization.

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Precast Concrete Construction Systemi 3D Volumetric T LHP 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.

7

Construction Process

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

Gable end walls are

Factory finished positioned to Rebar mesh is finally :
building ) : Consecutive floors are

: terminate the sides of placed for structural T
units/modules are e built in similar
then installed at the steifielinte) ] SesEEn screed thereby manner to complete
site with the help of __ slabs are then connecting all the the structure

T RS installed as flooring elements together. '

' elements.

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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Precast Concrete Construction Systemi 3D Volumetric T LHP 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 system has minimal material
wastage (saving in material cost),
helps in keeping neat & clean
construction site and dust free
environment.

The controlled factory
environment brings resource With smooth surface it eliminates
optimization, improved quality, use of plaster.
precision & finish.

Use of Optimum quantity of Use of shuttering & scaffolding
water through recycling. materials is minimal.

Climate Smart Buildings | LHP Rajkot | PMAY Urban

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

All weather construction & better
site organization
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Light Gauge Steel Structural System & Prei engineered Steel Structural Systemi 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 pels 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 Prd&Engineered Steel Structural
System.

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 Ul @l @IEHos @i ey talllig

bracings as required, fixing of floor panels, (_:ompl)otnents stuc_h I"".S %art‘\zWiCh panellsw ilgh com?(I)rgil':gr|s¥élgr}ggcl:iostfagzyp?gggt%yoIIow
decking sheet, fixing of electrical & ksl S UL de e LS ol core slabs as per the need & requirements.
plumbing services and finally fixing of L

concrete walling panels with light weight
concrete as infill.

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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Light Gauge Steel Structural System & Prei engineered Steel Structural
Systemi LHP Agartala

Special Features

Fully integrated computerized
system with Centrally
Numerical Control (CNC)
machine primarily employed
for manufacturing of LGSF
sections provide very high
Precision & accuracy.

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

forces is achieved. Making it

safer compared to other
structures.

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.

The system is very useful for
post disaster rehabilitation
work.

Steel used can be recycled
multiple times

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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PVC Stay in Place Formwork Systemi LHP Lucknow

A 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 prefinished 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 peedier
construction, strength and resource efficiency, the composite structure with Pre -Engineered Steel Structural System as structurd
members is being used in the present project.

Construction Process

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

The pre-fabricated
Floor is installed walling panels having

Then, these Sections

are erected on the

prepared foundation
using cranes and

required connections.

using decking sheet.
Once the structural
frame and floor is
installed and aligned,
wall panels are fixed
on decking floor.

provisions of holes for
services conduits, are
fixed along with the
reinforcement &
cavities inside the wall
panels are filled with
concrete.

Climate Smart Buildings | LHP Rajkot | PMAY Urban

Upon installment of
wall panels, flooring
and ceiling, the
finishing work is
executed.
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PVC Stay in Place Formwork Systemi LHP Lucknow

Special Features

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

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

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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CASE STUDY OF LHP 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.

Spat Lux meter, thermohygrometer,
measurements thermal camera

Methodology for monitoring
and evaluation

Data logging

Thermal [~ [
comfort and |
imdoor !

guality | Sttt e L L L L e L b L Ll

A On-site spot measurements
: A dataloggers,
A comparative graphs, and
A a comfort chart

Real time

Comfort survey Short & long term evaluation

o g mam

Retrospective

W
- = .

L]

IPHASE =

Thermal Comfort
evaluation
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On -site spot measurements Findings

r 1

i Corner units are 1-2 °C

warmer than middle
Indoors are 4 — 5 °C units

cooler than the outdoors

R

o
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Findings (Cont.)

Middle unit Corner unit ‘
oL Jo|ol ol ool m] 8%flor
2 ol |0 O o (Ol o OO g
13" floor is = m. Jdo ol ml lm LU‘LFUJ g
2-3°C 4 ol o ol ol |jol o ol o
rar * o) ] A o
warmer : 0 o ml_lm gl o oltm
than the 1* 'g : <, : ,.
floor 2 1 0 o.M ol lo obtm
fé?' ol o ok o ol o ol o
| - Yo
= 1w m - LU[ i w :
’g: - -U-kam — " 1* floor has
U.]—}m ML [IJ[— 11 5 floor 20/
S iy _ 6 — 8%
5 0L 10 LA ol _|m more
[ I S sy
2 0L o oL O ol _|m humidity
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Location: Tower 8 | 15t floor | Corner unit
Occupancy:9amto 5 pm

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

Findings

IMAC Comfort Range Dy Bualb Temperature

4t

&T=4 i 5 Celsius

a4

|

0

LR H Y 4] CEpIRONO0 N530000 NIRRT H Y] 213000 17300 VA0 R 5:5010%1
m-04-zoax D1 00 I0EE DI 0o 2022 o3 oD 2022 07 a0 20ia a4 0 Zo2a 05 00 J0ED oh-0g 2022 OF oD 2033

e Iutral ternp. NV Builldings =NV band NV bemd Cutdogr  =———Hall =———Bedrooml —=——RBedroom s

The data loggers readings from Wednesday, 3% August to 7" September 2022.
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Rooms with exposed RCC walls
react more to the outdoor
variation in temperature...

...such rooms are 1 - 2 °C warmer
than the rooms without exposed

RCC walls.
8 0/ of the time the indoor temperatures RCC walls have no insulation properties, and they heat
9 stayed within the IMAC comfort band and cool more rapidly based on outdoor conditions

ClimateSmartBuildingg LHPRajkot| PMAYUrban



GLOBAL O Ministry of Housing 7/— &
#‘é’c‘if.l.’g‘iw eI FHAY 3 [ and Urban Affairs %‘,_r' g |Z Bustace b
= ]g-ﬂ' ' 3 Azadi Potmmpngi bt [5i7] fampn
CHALLENGE INDIA STATT ATSTeAT-R A, " adl kg
Pradhan Mantri Awas Yojana-Urban il Government of India Amrit Mahotsav
T TR

Key performance features of the Light House Project Rajkot

Saved kWh of Power due to 215051 kWh saved. Typical saving is4.72 kWh/Sqg. mtr ~ compared to
reduction in construction building construction using conventional method.

time]

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

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

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

% Reduction in use of 16.67%

energy

% Reduction in embodied 25%

energy

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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LHP Rajkot

Envelope

Type

Wall

LHP  Case Construction
Configuration

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

Construction Envelope Details

Section

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

Fenestration

uPVC framed SGU with 5mm glass

2.74
W/m2K

5.9

Envelope Conventional Case - Section

Type Construction Configuration
Interior Surface Film resistance +
Internal Cement Mortar (12 mm) + Brick 1.97

Wall Wall (230mm) + External Cement Mortar W/mZK
(12 mm) + Exterior Surface film
resistance
Interior Surface Film resistance +

Roof External Cement Mortar (18mm) + RCC ) 2.78
slab (150mm) + Internal Cement Mortar m W/m2K
(12mm) + Exterior Surface film resistance

Fenestration SFeeI framed Single Glazing Unit (SGU) 6.2

. with 5mm glass, SHGC = 0.84, VLT = m

& Glazing W/im2K
0.89

Void Assumed SHGC =1, VLT =1 7TWIm2K

RETV Residential Envelope  Transmittance 16.64
Value (North -South Blocks) W/m2

& Glazing thickness, SHGC =0.83, VLT = 0.89 W/m2K

Void Assumed SHGC =1, VLT =1 TWIm2K

RETV Residential Envelope Transmittance 14.32
Value (North -South Blocks) W/m2

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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CASE STUDY OF DEMO PROJECTS
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Under the Climate Smart Buildings Project in Western Cluster, the CSB Cell have identified and are
supporting 2 no. of upcoming affordable housing projects in Ahmedabad to achieve minimum Thermal
Comfort standards of MoHUA 1 Gol.

Zunda |, AUDA Project, Anmedabad Re-anand , Ahmedabad

Assessment reports on Demonstration Housing Proje
on results, conclusions, and recommendations for enhanced thermal comfort and energy efficiency.
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Zundal, AUDA
AHP project,
Ahmedabad

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.

As designed
Uvalue | RETV ENS Part 1 ENS
Flement W/m2k | W/m? | Compliance Score
WALL
ACCisomm | plaster 0.86
WINDOW 1 Q 132
5.8

2.94

=
Unit layout

With improvements
Blement U value RETV ENS Part1 ENS
o W/m2k  W/m? Compliance = Score
ACC 150mm + p)usler 0.86
WINDOW 11 Q 140
Alumininm
H + single glazed 5.8
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project, ] 17T el
Ahmedabad | |
Unit | ayout
As designed Wi th i mproveme
Element |V vVallRETV|ENS HRarENS El ement|U Val[RETV|ENS RalrENS
W/m2k | W/m?2 Complila®ecer e W/m2k | W/m?2 Compl ilaSicceer e
It is recommended to
provide roof insulation ler0.6 8 le: 068
in order to comply with
max. thermal U De 12 0 132 U D@ 12 0 140
transmittance value for E Aluminiun o E’ Aluminidn o
. +si | I d +si
roof and to increase the srnene g stngle ol dxed
comfortable hours with
in the units.
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Base Case- IMAC Comfort Range Dry Bulb Temperature

Tempersture {C)

10
0150 0150

13/Fen 14520

Z5/Mar 0300 D&May 02:00 16/un 1502 283 co30

—Newral temp, NV Buldngs  —Nvs 2ond

a/ses 100 19/0ct 17:00 20/ 03.00

bz — Sase

@ 6539 hours

150mm concrete slab

ANNUAL
DISCOMFORT HOURS

74% of the time in
a year the units in
the top floor remain
uncomfortable

Base Case+ Roof Insulation- IMAC Comfort Range Dry Bulb Temperature

o1 0020 10VFe5 0000 2MX0000  CLMay 0000

—etral e W Baibtings  — N send

16/1u2 0000 2001 00:20

¥ sad

29745 0000 ©8j0c1000 17/Nav 03:03 27/Dec 024

Base Caneehioof nssation

-

ROOF

150mm concrete slab 1
s5omm EPS insulation

ANNUAL
DISCOMFORT HOURS

[ 64% of the time in

\

a year the units in
the top floor remain
uncomfortable

Roof insulation provides
14% less discomfort
hours when compared to
roof without insulation
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et ANNUAL
e st e DISCOMFORT HOURS
oraws | ol
Project - bl Zundal AHP
Thermal 68“‘0{11“*:'":'" Project -
Performance the top floor remain | | Thermal
of the top uncomfortable | Performance
floor unit ¥ (" Roof iosubetion provides of the top floor
with o (e d ot shpoors unit 1 with
insulation. Sec e e ot o it without insulation insulation.
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Recommendations

Proper orientation of Buildings, this reduce the impact of unfavorable weather conditions like solar radiation, driving rain and
thunderstorm

Proper Ventilation i Proper positioning the windows and opening them createair movementin the house. Walls and vegetation
should not betoo closeto the building in order to avoid diversion of wind awayfrom the openings, thereby reducing air flow
within the building. If possible,the rooms should be crossventilated.

Using Shading Devicei useof overhangsor horizontal projections over windows. Double panewindows with tinted glassand
glasscoatedwith reflective film should be usedfor windows instead of steels,wood and zincs.

Creation of Microclimate i treescanbe planted to createmicro T climate that is, small-scaleclimatic condition ataspotor area
or site

Preventing Infiltration 7 Infiltration canbe prevented by sealingthe sitesof air leaks. This can be achievedby caulking, weatherizing,
goodworkmanship, and replacing someagedparts of buildings, etc.

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Recommendations

Toalign with GHG reduction targetsand other government activities, make "Thermal Comfort for All" agovernment priority, and relate
it to India's ambition to give a better quality of life to all of its residents.

Createmarket momentum for smart cooling through public awarenesscampaigns,information accessand technical support.

Consistenttesting and rating processesaswell asmarket communication initiatives, canhelp to mainstream the useof energy
efficient building materials and equipment.

Takesignificant stepsto phaseout HFCsand encouragethe industry to switch to renewable refrigerants.
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Life Cycle Cosind its
Impact on Carbon
Emission

ClimateSmartBuildingg LHPRajkot| PMAYUrban




by "';:.‘ . B
GLOBAL © # Ministry of Housing 7/— .
HOUSING . i
S oGy T A and Urban Affairs %a d.-if—'- g l z
CHALLENGE INDIA ST ANSFeAT-2d F Y . Azadik,
Pradhan Mantri Awas Yojana-Urban ﬂ'\ 11"“ ki Gﬂ\fel'l'lmel'lt Qf Indla Amrit Mahotsav

T S

Concept of life cycle cost and its impact on carbon emission

Life Cycle Cost

Initial costs
Equipment purchase

Life cycle costing is a method of Pump installation

Initial Costs + Future Costs =

economic analysis directed at all

Future costs

Energy Consumption
Pump Maintenance
Pump Operation
Environmental Cost
Downtime

costs related to constructing,
operating, and maintaining a
construction project over a defined

period of time.

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Concept of life cycle cost and its impact on carbon emission

Why LCC matters in sustainable building

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 lifetime of the building. Therefore,

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

time 1 the Life Cycle Cost (LCC) analysis

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Why LCC matters in sustainable building

Illustration: An Office building

Office building: 1: 5 : 200%*

1 = Construction Cost

5 = Maintenance and Building Operating Costs

200 = Business Operating Costs

# Ministry of Housing

Vo
Azadik,
Amrit Mahotsav

Total LCC = (Investment cost +
operation cost + Maintenance +
Replacement cost + Disposal cost)i

Salvage Value
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LCC for Lighting system
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Q&A Session on New & Innovative technologies and Thermal Comfort
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Thermal GComfort and
Cooling Demand
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Thermal Comfort & Cooling Demand

Chart Title

m Population (Millions) m Area (‘000 Sg.km) A 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.

A Every year, high cooling degree days
are experienced by residents of the
cities located in these climate zones

Warm - Composite  Hot Dry Cold Temperature and the hot, dry climate.
Humid
Popul ation and area distribution in the five climate zones of India. Source: fACens

(2011), available at: http://www.censusindia.gov.in/2011census/ dchb/DCHB.html
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Thermal Comfort & Cooling Demand

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

A Between 2020 and 2050, it is

Residential Build; Up Area (Billion m)

30 predicted that the total area of
25 built -up urban residential space
E 20 will rise by a factor of more than
5 15 three.
= 10 A Over three decades, it is
S anticipated to increase from 5.9
0 billion square metres to 22.2
2020 2025 2030 2040 2050 billion square metres (2020 -
® Rural 11.8 14.2 16.6 21.4 25.7 A In addition, over the same period,
the per capita residential built -up
Projected increase in residential built-up area in urban and rural India. Source: ICAP area in Indian cities will rise from

12.6 sg. m. to 24.2 sg. m.
ClimateSmartBuildingg LHPRajkot| PMAYUrban (MOEFCC’ 2019)
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Thermal Comfort & Cooling Demand

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 between 20172018 and 2037 2038. In just two decades, the demand for the building
sector alone will increase by up to 11 times from the baseline.

o Cold-chain 200 |
= m Transport Cold-chain
c 600 Air- u Transport
i Conditioning Air-
=a00L m Refrigeration ok Conditioning

W Refrigeration

W Space Cooling @ Space Cooling
OL G VSR

in Building

Million tones cf cil equivalent
o
o
i

PP n > e
200 50 in Ruilding
0 0 201 17-38  J037-38
< L 1 J3/-34 Refermce  Intervention
Scerano scenano e snano Sceneno -,ll g SCenano
Above: Sectorwi se growth in cooling demand; Below: Indiabés Total Primary E

(TPES) for cooling. Source: India Cooling Action Plan (redrawn)
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1. 20-25% reduction of cooling demand across various sectors
by 2037-2038

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

oV 2038

INDIA COOLING 3. 25-30% reduction in refrigerant demand by 2037 -2038

ACTION PLAN 4. Training and certification of 1,00,000 service technicians by
2022-2023
5. Recogni zing Ancooling and related

research

\u‘ﬂnmocc.\mwm.'ggnuuuuuuqm Source: Mini stry of Environment, Forest & Climate Change, Government of India. (2019, March). India Cooling

COVIENMINT OF INDIA Action Plan. Retrieved from http://ozonecell.nic.inf'wp _-content/uploads/2019/03/INDIA -COOLING-ACTION-

WASEIE 200 PLAN-e-circulation -version080319.pdf
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INDIA CHINA Us

25

° Cooling Demand in India,
s () o China, and the US

20

Beijing New York
: : Guangzhou CDD:399 CDD:119
CDD:1902 CDD:1086 A

s O To combat uncomfortable
2 Los Angeles .y
= Bangalore CDD:214 conditions
- CDD:747
= O
L2 Chenglu
= CDD:427 Dallas A ;
s h A vﬁn cDD:1012 Leadsto increasedpeak
£ 3 CDD 1659 €DP-593 W

Phoenix CDD:847

CDD:1012 A )

A — Leadsto higher
[ consumption
' ' Source: Sustainable and Smart SpaceCooling Coalition (2017). Thermal Comfort for All i Sustainable
RAC Penestration <59 RAC Pemestration <160% A T e and Smart SpaceCooling. New Delhi: Alliance for Energy Efficient Economy

1995-2%, 2020-100%
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Hourly Demand in Mumbai (MW)

Hourly Demand in Delhi (MW)
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~700 MW
(25%)

~850 MW
(40%)

Mumbai

e SUumMmer =g~ Winter

2500 -

2000

1500

1000

500

1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24

~1600 MW
(40%)

~2200 MW
(60%)

== Summer == Winter

1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24
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A Summer and Winter Day Profile of Electricity

use

A Mumbai and Delhi Comparison

A Leadsto higher consumption

Late -night 850 MW to late afternoon

Mumbai

Late -night 2200 MW to late afternoon

Delhi

700 in

1600 in

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

https://international.lbl.gov/publications/avoiding

-100-new-power -plants
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Need for Thermal Comfort in Buildings: India Cooling Action Plan

2017 Annual Energy Consumption = 126 TWh

-
e B RAC
B Chiller System
M VRF System A Total Consumption 126 TWh and 124
32%
Packaged DX MTCOZe
Fan A . " .
_ Room Air Conditioners 48.8 TWh (38%) consumption
A Air cooler
9%
A Room Air Conditioners 57.0 MTCO,, (46%) Carbon
2017 Annual Carbon Emission = 124 mtCQO2e Emission
B RAC
M Chiller System
28% M VRF System 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-
Packaged DX ACTION-PLAN-e-circulation -version080319.pdf
Fan
8% . Air cooler
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A 2017,approximately 272milion A | 2017, approximately 8% of A In 2017, the estimated
households were estimated in India the householdswere estimated commercial floor was around
A Expectedto increaseto 328 by 2027 to have room air conditioners 1.2million sqft
A 386 million by 2037 A Anticipated to rise to 21%by Als expectedto grow about 1.5
2027-28 to 2 times by 2027-2028
Source: Mini stry of Environment, Forest &amp: Climate Change, &amp:; A And 40% by 2037_38 A 25 to 3 times by 2037_38’

Government of India. (2019, March). India Cooling Action Plan. 1
Retrieved from http://ozonecell.nic.infwp - respeCtlver
content/uploads/2019/03/INDIA  -COOLING-ACTION-PLAN-e-
circulation -version080319.pdf
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Factors affecting
Thermal Gomfort and
Cooling Demand
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Factors affecting Thermal Comfort

PHYSIOLOGICAL
FACTORS

The factors which are
independent from
weather and
surrounding
environment of the
building. And are very
subjective and depend
on person to person

PHYSICAL
FACTORS

The factors which are
dependent on weather
and surrounding
environment of the
building. Some of
which can be managed
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AAir Temperature

Floor Surface
Temperature
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FACTORS

+

A2

AVlean Radiant
Temperature

+

A5

ARelative Humidity
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A3

MARadiant Temperature
Asymmetry

Air Speed
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Thermal Comfort 1

Skin Location Cold Neutral Hot
(15 °C) (27 °C) (47 °C)

A Forehead

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 Sidethigh 27.3 33 36.5
0] 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
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| ool Beiling Point A Temperature of the air surrounding the
Zllaf T Environment (Dry Bulb Temperature)

—=|| s i DBT)

—; 70

E . A Measuredin DegreesCelsius (iC), by a
Lo thermometer freely exposedto the air,
=|| 30 but shielded from radiation and

=] moisture.

—f 10

—l o} 0/

[ of Frsczngpoint A Affects the rate of Evaporation on skin

= 2 surface of building occupants.

—H 30

\&/
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Factors Affecting Thermal Comfort T Relative Humidity [RH]

A Itis defined as %ge of Amt. of water
vapour present in air to max.

100% Relative Humidity
20°C amount of water vapour that air can
hold at specific temperature and
pressure.
A Affected by DBT and Pressure of
52% Relative Humidity AIr.
a0oe A Higher the RH of the air, hotter it

will feel for Building Occupants.

28% Relative Humidity

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Factors Affecting Thermal Comfort T Mean Radiant Temperature [MRT]

AMRT 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.

ADepends on ability of a surface to emit the
Incident heat, also known as emissivity of the
material

A Calculated using Globe Temp.(T,) & Air
Temp.(T,).
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AAir Speedis defined asthe averagespeed
of the air surrounding an occupant, with
respectto location, and time.

AMeasured in Meter per second (m/s)

AElevated air speeds can be used to improve
thermal comfort beyond the maximum limit
of temperature established by codes and
standards (ASHRAE, 2021)
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ACan be def irgsistahcetosendiblEh e
heat transfer provided by clothinge ns e mb | e

AThe 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).

AClothing Insulation Value (clo - 1).
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T-shirts, shorts, Light socks,Sandals 0.30
Shirt, Trousers socks, Shoes 0.70
Jacket, Blouse, Long skirt, stockings 1.00
Trousers, Vest, Jacket Coat, Socks Shoes 1.50

CLOTHING LEVELS & INSULATION

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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AMetabolic Rate can be defined as level of
transformation of chemical energy into heat and
mechanical work by metabolic activities within an
organism.

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

ADepends on activity level, age, fitness level, etc. of
a person.
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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, 2.0

machine work)

METABOLICRATE
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Factors affecting Thermal Comfort

AAcclimatization

A Short term physiological
adjustments

A Long term endocrine adjustments

Short term logical
ph ysiological Long term physiologica
adjustments adjustments

ABody shape and fat

AAge and gender

AStatus of health

Health &
Wellbeing

Age Gender
ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Measuresto Improve Thermal Comfort
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SHADING &
GLAZING

INSULATION

GREEN ROOFS

CONTROLLED
VENTILATION

COOL ROOFS
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Shading reducesinternal heat gain through coincident radiation.

Natural
Vegetation

Overhangs Awnings Louvers Vertical Fins Light Shelves

Thesecan reduce cooling energy consumption by 10-20%
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Shading & Glazing

In combination with high-performance
glasswith low solar heat gain coefficient
SHADING —— (SHGOQ), canreduce energy consumption
even further by cuttingdown or heat gain
through radiation

Thermal
Comfort

Refers to the glass windowpanes thatmake up
the building envelope.Conduction and radiation
are the primary sources of heatgain via a
GLAZING window. radiation, which can beregulated by
defining the parameters correctly. SHGCand U-
value, respectively.
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Controlled Ventilation

CROSS
VEN TILATION SINGLE SIDED VENTILATION ~ CROSS VENTILATION STACK VENTILATION

STACK
VEN TILATION

SINGLE -SIDED
VENTILATION
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Controlled Ventilation

Designing windows and ventsto dissipate warm air and
allow the ingress of cool air can reduce cooling energy
consumption by 10-30%

Office Environment Too High

l‘i’%

i,

Acceptable ( Especiallyif there is no

Home Environment . . o
resource to active air conditioning.)
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Controlled Ventilation

Natural ventilation takesadvantageof the differencesin air pressurebetweenwarm air and cool air, aswell asconvection
currents, to remove warm air from anindoor 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

NATURALVENTILATION

Even in hot-dry and warm-humid

With BreezeAir WorksBest : :
climatezoneswhere someair-
conditioning may berequired during
Fanscan beused toimprovethe flow peak Thermal Comfort for All

Absence of natural breeze T summer, buildings can be designed

to operatein amixed mode to enable
nightventilation andnatural
Natural ventilation promotestheo ¢ ¢ u p alaptatiodto external ventilation during cooler seasons
temperature, call ed adaptive thermal comfort

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Insulation

Heat
Conduction
takesplace
through
J
Roof Walls Windows
J J J
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Cool Roofs

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

Reflects | Reflects

N, 80%

38% heatstheatmosphere 10% heatsthe environment
52% heats thecity air 8% heatsthe city air
5%is reflected 80% is reflected

1.5%heatsthebuilding
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Cool Roofs

In the summer, atypical cool roof surfacetemperature
keeps 25-35AC cooler than a conventional roof, lowering the
internal air temperature by roughly 3-5Acand 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
expansion and contraction.

Apart from helping enhancethe thermal comfort in the top
floor and helping reduce air-conditioning load, cool or
white roof or pavements also offer significant reduction in
urban heatisland effect

The cities of Jodhpur and Jaipur are from extremely hot state of Rajasthan, where most of the city homes are paintedin light
blue and light pink colours, are examples of practical application of this age-old traditional design style.
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A greenroof is aroof of a building that is partially or completely coveredwith vegetation

— Absorbing Rain Water
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During cooler Winter Months Retain their heat

During hotter Summer Months Reflecting and absorbing solar radiations
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Thermal Comfort
Metrics
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Thermal Comfort Metrices T Preference, Comfort and Acceptability

Metabolic Rate

Clothing Insulation

Air Temperature
Air Velocity

Mean Radiant
Temperature

Relative Humidity

PMV Balance
ﬂ

+1 Slightly Warm

=

Storage = Production - Loss

Thermal Comfort Metrices

-------------

Thermal Sensation

Thermal Acceptance

(Thermal Comfort)

F

Thermal Preference

Thermal Satisfaction
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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 - -
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Thermal Comfort MetricesT PMV

£ 100/b
&
H g .
3 'ﬂt é 75 %, &
Air Temperature =] :3.,
2 Walm g 50
Mean radiant temperature ol %
. | Slightly Warm ¢ »
Air velocity 1 N §
“IVLA PMV — = 2 |
Relative humidity Calcnlation »|0—]| Neutral = Q,h-z_ — d
> : = Cold Cool  Slightly Cool Neutral Slightly Warm  Warm Hot
2 B o i o n 3 +
Activity level 1| Slightly Cool 3 2 1 9 & 2 S
i PMYV Predicted Mean Vote
Clifien s 1tndiaon |, | Cool Acceptable thermal comfort bands listed in 1ISO 7730:2005
g PMV Range
3| Cold A -0.2 < PMV < +0.2
N/ B -0.5 < PMV < +0.5
S -0.7 < PMV < +07
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/
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Thermal Comfort Metrices1 PPD

Predicted Percentage of Dissatisfied occupants PPD ranges corresponding to acceptable PMV

(PPD) refers to the percentage of ranges as defined in 1ISO 7730:2005
occupants likely to experience thermal
dissatisfaction out of the total number of Ban PMV Range PPD% | Temperature ( )
occupants. ISO 7730:2005 defines the hard
limit as ranging between -2 and +2, for
existing buildings between -0.7 and +0.7, and B2 = P = 2ol
e : +0.2
new buildings ranging between -0.5
and +0.5. B -0.5 < PMV < <10 245+ 15
+0.5
C -0.7 < PMV < +07 <15 245+ 25
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Thermal Comfort Metrices T Degree Discomfort Hours

. Formula for DDH (Annual
C Calculated based on India Model e ( )

for Adaptive (thermal) Comfort DDH (annual) = z | (Ti = Tacceptante)l ATi I Measured or Achieved Operative Temp.
(IMAC). i=1 at it hour
AT acceptapie - Either the lower (T ,,e,) or the

Summation of difference of hourly Tacceptavie = Tiower WhenTi < Tiower upper limit ( Tyype) Of the targeted operative
Operative temperature and IMAC Tucceptapie = Tupper When Ty > Tupper temperature based on IMAC comfort model.

band acceptable temperature only

for hours when temperature goes

with 80% or 90% acceptability
range.

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)

Source: vecteezy. (n.d.). Hot weather thermometer. vecteezy. Retrieved from https://www.vecteezy.com/vector -art/583489 -hot-weather-thermometer -icon-vector
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Building Physics
Affecting
Thermal Comfort
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Energy & Heat
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Macroscopic
Energy

Kinetic

Energy
Potential

Energy

]7

Microscopic
Energy

The total amount of energy
produced by the
configurations, forces, and
motion of its molecules
and/or atoms is known as
its internal energy.
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As chemical and atomic energy are not relevant in the context of buildings, the
phrase "internal energy" is limited to perceptible and latent energy.

7

Sensible
Energy

N\

7

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

Latent
Energy

energy released or gained to switch phases

Chemical
Energy

as a result of atomic bonds

Atomic
Energy

\\

due to connections that exist within the nucleus.
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Surroundings (external environment)

System
boundary

SYSTEM
( a part of entire
Building )

Mass/Energy
Leaving system

Mass/Energy
entermg Energy and mass exchange between system and external
system environment across system boundary

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.

]

KA system, in terms of thermodynamics, is an area thaﬁ
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 spacébound 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. /
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Energy & Heat What is Energy ?

Energy of a system is its potential to do work.

4 )

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.

\_
-

J
~

Similar to how heat is lost from a system at a higher
Work 'W' is done when Force 'F' moves a body of temperature to a cooler environment, internal energy
mass 'm' over distance 'x' is also lost.
{ A
Thermal energy is caused by the motion of molecules and/ or intermolecular forces (ASHRAE, 2021).
\ J
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Building Physics Affecting Thermal Comfort

operation patters climate of the

building envelope of the openable place where
characteristics elements of the building is
building envelope situated.

J
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Building Physics Affecting Thermal Comfort

Factors Influencing Heat Transfer

A 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.

Amount and nature of

Spatial Characteristics -
incident heat energy

Heat Gains in the

Role of Spatial Characteristics & Building materials BU ||d | ng
in heat ingress

Amount of heat
energy transferred
indoors
A Figure demonstrates that the distribution of thermal energy among its users and in any indoor or outdoor environment is not u niform. 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 atthe skin's

Material

Specifications

surface. _ L :
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Building Physics Affecting Thermal Comfort

Energy

Heat —— LowGrade HighGrade —— Work

Macroscopic Microscopic ——
Kinetic Potential
U T —— ] ———— ————_— || —— —
| Sensible Chemicd I
(translationak rotational+vibrational) (Atomic bonds)
Latent Atomic I
I (Phasechange) (Bondswithin the nucleus) I

Sum of all microscopic forms of energy= Internal Energy

Forms of Energy
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1st Law of Thermodynamics

DU =Q-W

& U- changein internal energy
Q - heat added tothe system

W - work done by the system
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Establishes a relationship  between a
Ssystemos

A Internal energy

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

A The heatremoved from (or addedto) the
system

The internal energy of a system performing work or
losing heat decreases,whereasa system'sinternal energy
rises if it gains heat or is subjected to work.
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Building Physics Affecting Thermal Comfort

2"d Law of Thermodynamics

A The natural (spontaneous) direction of
heat flow betweenbodiesis from hot to

@ cold.

A Heat movesfrom higher
temperature to
lower temperature

(T,>T)y)
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Modes of Heat Transfer

Conductlon

NN

TN, NN
NS
NN

>
LI

>

Hot
(30 °C)

CODVGCTIOH

B Ministry of Housing
and Urban Affairs

(25 °0) (25,2C)

[ Modes of He
Transfer

Cold (20 °C)
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Conduction
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Convection
)
N\
Radiation
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Heat Transfer in Buildings T Conduction Principles

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)

Tsurfl >Tsurf2

Tsurfl Tsurf2

Conduction

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

Qistheheatrate i
In Watts conduction through a layer

thermal conductivity k)
temperatures T;and T,

74%5"'-
AZé.‘di Ka
Amrit Mahotsav

Steady-state (time-in depende nt) heat

(thickness d,
with  surface

T, T,
Q = kAl 2 (w)
gis theheatflux
In Watts/n%
q — k Tl B -|-2
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Heat Transfer in Buildings T Conduction Principles

T=1

—
7
7
y
&
Energy(J) perSeconds)

J/s=W

g depends on?
ATemperature difference
AThickness of the layer (d)

+—i+1 AThermal conductivity (k) which is a property of
the material

Thermal conductivity (K)
Aproperty of the material

Afunction of moisture and temperature
AWA A K
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Heat Transfer in Buildings T Conduction Principles

Energy & Heat MATERIALS DENSITY THERMAL SPECIFIC HEAT

(kg/m 3) CONDUCTIVITY CAPACITY (J/ kg.K)
(W/ m.k )

o Walls
Thermal conductivity,

density and specific heat Autoclaved Aerated Concrete Block (AAC) 642 0.184 0.794
capacity of common

building materials and Resource Efficient Bricks (REB) 1520 0.631 0.9951
surface finishes 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
Source: Thermo-Physical-Optical Property
Database of Construction Materials, U.S. - Cement Board 1340 0.438 0.8113
India Joint Center for Building Energy
Research and Development (CBERD) and Sandstone 2530 3.009 1.5957
Ministry of New and Renewable Energy
(MNRE) .
Stone (Jaisalmer Yellow) 3006 2.745 2.0954
Stone (Kota) 3102 3.023 2.0732
Bamboo 913 0.196 0.6351
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Heat Transfer in Buildings T Conduction Principles

Energy & Heat

Thermal conductivity,
density and specific heat
capacity of common MATERIALS DENSITY THERMAL SPECIFIC HEAT
building materials and

surface finishes

(kg/m 3) CONDUCTIVITY CAPACITY (J/ kg.K)
(W/ mk)

Surface Finishes

Plaster of Paris (POP) powder 1000 0.135 0.9536
Source: Thermo-Physical-Optical Property Cement Plaster 278 1.208 0.9719
Database of Construction Materials, U.S. -
India Joint Center for Building Energy
Research and Development (CBERD) and Plywood 697 0.221 0.7258
Ministry of New and Renewable Energy
(MNRE)
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Conduction through walls | Tl
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Heat Transfer in Buildings T Convection Principles

Tsurf> Tfluid

A Convection heat transfer needsa fluid (gasor
liquid) medium and involves bulk fluid motion

T+luid

heat, carrying energy with it causing convection

_ currents that tranSpOrt energy

Convection

a A The heated fluid moves away from the source of
T surf

SourceRawal,R. (2021,DecembeR?).Heat TransferandYourBuildingEnvelopeSolarDecathlonindia. Retrievedipril 13,2022 ,from
https://solardecathlonindia.in/events/
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Heat Transfer in Buildings T Convection Principles

A = Area

® o T.,

h = heat transfer

coef ficient

Convective heat transfer (Q) betweena
fluid and a surfaceis

Q" temperature difference

Q" areaof the surfacein contact

0=hogT

Q = heat transfer by convection, W

A = surfacearea, m2

gT=T B T1lat somespecifiedlocation, K
h = heat transfer coefficient, W-m-2-K-1

ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Heat Transfer in Buildings T Convection Principles

Surface conductance

Heat flow R Rso
direction [m2AAN-] [ 2AKAV-
] Conductanceof the thin film of air at the surface of the
material/body
Horizo ntal 0.13 0.04 Ah = surface/film conductance
(+309 AWA A &
Up 0.10 0.04 ASurfaceffilm resistance Rg= 1/h
Down 0.17 0.04
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Heat transfer coefficient

Surface conductance = Surface film conductance =
Equivalent conductance=
Heat transfer coefficient = h

h=h,+h,

h. = convective heat transfer coefficient
h, = radiative heat transfer coefficient

Natural Convection T Forced 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 |
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| Noconvectiol Solarcollector | A Surface film resistance or conductance
considers both radiative and convective
| | heat transfer
Maximumconvection d |
Convective heat transfer is a function of angle( € ) Ava”es_WIth _
A Orientation of the surface
o Air - Heat Transfer Coefficient ASurfaceemittance
g ADirection of heat flow
< 30 . .
e AAir velocity
g 10 ASurfaceand air temperature, and
E o the temperature difference
0 5 10 15 20 25
* Velocity (m/s)
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Airflow through aroom
Wall temperatures of the room at 30 °C
Heat transfer coefficient on inside =10 W/m2K

Wind -induced airflow
Stack effect

Buoyancy driven wind flow

Source:Tripalvisor. (n.d.). PadmanabhapurdPalace. Tripadvisor. Retrieved fronttps://www.tripadvisor.in/Attraction_Reviegb08476d3705659Reviews
Padmanabhapuram_Paladéanyakumari_Kanyakumari_District Tamil_Nadu.htm
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A Radiation heat transfer is a processwhere
heatwavesare emitted that may be absorbed,
reflected, or transmitted through a colder
body.

Tsurf1 A Energy has an electric field and a magnetic
field associatedwith it,
ok A Wave-like properties.iel ectromagnetic
a3 Teurt2 waveso
A Wide range of electromagnetic radiation in
nature. Visible light is one example.
Radiation A 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/
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Heat Transfer in Buildings T Radiation Principles

The behaviour of a surface with radiation incident upon it
can be described by the following quantities:

= absorptancei afraction of incident Incident radiation
radiation absorbed

= reflectance - fraction of incident

radiation reflected Radiation reflected, ?
= transmittance i afraction of incident

radiation transmitted.
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Walls

Fenestration
s (Windows)

Roofs

Conduction Convection Radiation
Spatial | Material & Spatial Material & Spatial Material &
Methods Methods Methods

. V. Low

. Low

Neutral
I High
B 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/
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Conduction Convection Radiation

Geometry - Massing

HD All Climates

Orientation

All Climates

External Surfaceto Building Volume
Ratio

HD

Extent of Fenestration and Thermal
Characteristics

All Climates

Internal Volume 7 Stack Ventilation

Location of Fenestration T Pressure
Driven Ventilation

[ome—
Azadik,
Amrit Mahotsav

WH: Warm Humid
HD: Hot-Dry

TE: Temperate CM:

Composite CO:
Cold

. V. Low

. Low

Neutral
B High
B 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/
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Thermal Conductivity

R Value 7 U Value
Thermal Mass

Specific Heat
Thermal Diffusivity

Thermal Conductivity i Framesand Glass
R Value i U Value
Solar Gains
Solar Heat Gain Coefficient
Visual Light Transmittance
VLT

Thermal Conductivity

R Valuei U Value
Thermal Emissivity

Solar Reflectance
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A Walls
A Internal

A External

A Fenestrations
A Windows
A Skylights
A Doors

A Roofs
A Floors
A Foundations

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

The heat balance method presents a physics based Where,

mathematical model that establishes thermal comfort when _ ) )

heat loss from the body is exactly equal to heat produced M = Rate of metabolic heat production, W/m 2
W|th|n the bOdy The heat balance methOd giveS fO”OWing W = Rate of mechanica' Work accomplished’ W/m 2
equation:

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

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

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

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

E, = Total rate of evaporative heat loss from skin, W/m 2
C..s = Rate of convective heat loss from respiration, W/m 2
E.. = Rate of evaporative heat loss from respiration, W/m 2
S, = Rate of heat storage in skin compartment, W/m 2

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

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/atmo0s10120769 . - .
ClimateSmartBuildingg LHPRajkot| PMAYUrban
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In order to be

Surrounding air comfortable:

(¢, VP)

Radiation (R)
face | Convection (C)
S_u ace m Sensible heat
Environment

loss from skin
(C+R)
Body

Skin (1,, 4,)

(1)

Sweat (P,,s, w)

Clothing (R, R..)

Evaporative

Exposed surface
heat loss (E )

(tc'/’ f;l’ 8)
31-34°C

Respiration
(Cov Ev)

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/atmo0s10120769 . - .
ClimateSmartBuildingg LHPRajkot| PMAYUrban
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Comfort Theoory i Adaptive Thermal Comfort Mehod

Physiological Thermoregulation

~

I Thermal Dis/ Comfort
Thermo reception & Integration / Behavioural Thermoregulation

I / Human Thermal Comfort Depends upon
Body Heat- Balance mm Physiology

I =d Psychology

Indoor Climate

= Behaviour

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 . . .
(12) P g ClimateSmartBuildingg LHPRajkot| PMAYUrban



GLOBAL O Ministry of Housing 7/— &
HOUSING e FY and Urban Affairs ) — |7 e
TECHNOLOGY m—?l@'ﬂ' [ Azadi Dot immpnyi b [517] ampm
CHALLENGE INDIA m s it [ i Ka

Pradhan Mantri Awas Yojana-Urban Government of India Amrit Mahotsav

LocalThermal
Disomfort
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Human Comfort Range as per ASHRAE 55 Standard

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

Most Humansare
comfortable under
this conditions

Winters Summer

o
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68AF to 764F 745 to 80AF
60% to 30% RH 60% to 30% RH

/ -

/
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THERMAL ENVIRONMENTS CAN BE DIVIDED LOOSELY INTO THREE BROAD CATEGORIES:

THERMAL COMFORT THERMAL COMFORT THERMAL COMFORT

Heat stressor cold stress,is where the

i ' ' People start to feel uncomfortable i.e. they are ) .
ST 0 e s t00 hot o t00 cold, bt arenot madeunwell o Nermal environment will cause clearly
hot nor too cold. by the conditions. in armful medical conditions, such as

dehydration or frost bite

THERMAL DISCOMFORT
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Local Thermal Discomfort can be induced

by a generalizedwarm or cool discomfort of the body

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

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

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)
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Radiant Temperature Asymmetry i Walls and Roof

Radiant Temperature Asymmetry i Floors

Radiant Temperature Asymmetry Between
head and ankles
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Local Thermal Discomfort due to Radiant Temperature Asymmetry i Walls
and Roof

100, y Percentage of dissatisfied occupants with radiant
L Warm Ceiling thermal asymmetry of 15  °C

Radiant Thermal Warm Cool Cool WETN
Cool Wall Asymmetry (15 C) Ceiling Walls Ceiling Walls
Cause
PPD 40% 20% 8% 2.5%
Cool Ce"mgg_ﬁ_,/Warm Wall
The descending order of PPD expressed in radiant
thermal asymmetry for walls and ceilings can be given as
| | | |
20 25 30 40 Warm Ceiling > Cool Wall > Cool Ceiling >

Warm Wall

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 Sl edition.
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Local Thermal Discomfort due to Radiant Temperature Asymmetry i Walls
and Roof

xxxxxxxxxxxx

ARepresentation of radiant
222222222222 -441 .12 thermal asymmetry in walls
and roof with resultant

percentages ofdissatisfied
occupants.

231333333232 2132323 ¥
1239333323 3222222 989%;
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Percentage of dissatisfied occupants with radiant

thermal asymmetry of 15  °C
Categorization of Floor Cold Cool/ e
Temp. Neutral
""""""""" Floor Temperature 15°C 24 °C 36 °C
10 |
2 E-llllIlllIllllllllllllglllllllllllllllll PPD 20% 6% 35%
2 + The descendingorder of PPD expresseddue to floor temperature
: iIs Warm Floor > Cold Floor> Cool Floor. An explanation of why
1 . f . A . — . cooler or neutral floor temperatures are preferred over warm
5 10 15 20 25 30 35 40 floors lies in the understanding of
C the amount of hot and cold receptors present at the base of
Occupant dissatisfaction levels due to radiant temperature asymmetry in our feet
floor.
Source: Abushakra Bass, Akers Larry, Baxter Van,Hayte Sheila & C The sensitivity level of these receptors towards heat or

Paranjpey Ramesh (2017).
ASHRAE Fundamentals Sl edition..

coolth.
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Local Thermal Discomfort due to Radiant Temperature Asymmetry 1 Head

and Ankles

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

Categorization of Floor Cold Cool/ e
Temp. Neutral

Floor Temperature 15°C 24 °C 36 °C

PPD 20% 6% 35%

The descendingorder of PPD expresseddue to floor temperature

i iIs Warm Floor > Cold Floor> Cool Floor. An explanation of why

1 7 ; — cooler or neutral floor temperatures are preferred over warm
0 2 4 6 8 10 12 floors lies in the understanding of

Air Temp Difference between head and Ankles°C C the amount of hot and cold receptors present at the base of

- _ _ our feet
Percentage of Seated People Dissatisfied as Function of Air Temperature

Difference Between Head and Ankles C The sensitivity level of these receptors towards heat or
Source: Abushakra Bass, Akers Larry, Baxter Van,Hayte Sheila & coolth.
Paranjpey Ramesh (2017). ASHRAE
Fundamentals Sl edition.
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Session 4: Passive Strategies & Building Materials
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PassiveStrategies & Building Physics
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Passve Measures

Level of Response

Clmatic
Zone
Level

SteLevel

4 )

Temperature, rainfall, wind direction,
sun radiation, humidity, and other
environmental factors are taken into

consideration when designing.

4 )

To take advantage of the positive aspects
of the site and its microclimatic features
while minimising the negative aspects

- J
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Block
Level

-

I nteraction of theblock with its

surroundingsand plantsto ensurethat it

hasadequate heating, ventilation, and

lighting.
N

~

J

-

Design solutionsthat influence heat,
light, and ventilation based on climatic
variablesat theunit level.

=

~

J
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Climatic Zone Level

Site Level J

Block Level
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4 ™
] Heating/Cooling Heating/Cooling
~ Y
4 ™
Ventilation Ventilation
~ Y
Lighting Lighting

Unit Level

-
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PassiveStrategies & Building Physics

Passave Measuresi Climatic Zone Level

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

Example

A In Ladakh, earth architecturewith thick walls
and limited windows provides optimal
insulation.

A In Rajasthan, courtyard havelis take
advantage of pressuredifferencesand
reciprocal shading to provide natural cooling
and ventilation.

A In Kerala, slopingroofsare used to guard
against severerains.
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