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INTRODUCTION

PradhanMantri Awas Yojana
¢ Urban (PMAY¥U), a flagship Mission of
Governmentof India being implemented
by Ministry of Housingand Urban Affairs
(MoHUA) was launched on 25th June
2015

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

All-weather
housing units with
Water, Kitchen,
Electricity and
Toilet

Adequate physical
and social
infrastructure

J

Women
empowerment

¢

PMAY (U)
Features

Under the Mission, Ministry of Housing
and Urban Affairs (MoHUA), provides
assistance to implementing agencies
acrossthe Statesand Union Territoriesto

execute the program with following Security of i Betfcer quality
objectives Tenure ( ¥ of life for
Aln-situ  SLUM REDEVELOPMENT 4‘1 Urban Poor
(ISSR) 1l

AAFFORDABIHEDUSING
ASLUMREHABILITATION
APROMOTION



INTRODUCTION

Urban Poor
(street vendor,
rickshaw puller etc)

w54

Ministry of Housing & Urban
Affairs has Initiated Affordable

Rental Housing Complexes Educational/ Market/
Health Trade
(ARHCs), a subscheme under Institutions

. . Associations
Pradhan Mantri Awas Yojana - o

Urban (PMAYU). Thiswill provide TARGET

ease of living to urban migrants/ BENEFICIARIES

poor in Industrial Sectoraswellas | it (from EWS/ LIG categories) Hospitality
iIn non-formal urban economy to  Workers Sector,

get accessto dignified affordable g Student
rental housing close to their
workplace



INTRODUCTION

Underthe flagshipMissionof Governmentof India PMAY;, (bEingimplementedby Ministry of Housingand Urban
Affairs (MoHUA) Underthe Mission,MoHUA, hasinitiated the GlobalHousingTechnologyChallenge India(GHT&ndia)whichaims

- to identify and mainstream a basket of innovative construction technologiesfrom acrossthe globe for housing
constructionsectorthat are sustainable ecofriendly and disasterresilient.

54-Innovative
Construction Technologies

1. Stay in Place Formwork System 2. Monolithic Concrete Construction 3. 3D Volumetric, Precast concrete
(Lucknow, Uttar Pradesh) (Rajkot, Guijrat) construction system
(Ranchi, Jharkhand)

4

l!f*!“iil.ll.' '«-llln |

4. On-site assembled Precast 5. Light Gauge Steel Structural 6. Precast fabricated sandwich panel

concrete construction system System & Pre-engineered Steel system
(Chennai, Tamil NF du) Structural System (Indore, Madhya Pradesh)

(Agartala, Tripura)

namedasV[| LDI ¢ | h; {9 twhW9/ ¢Q


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

TECHNICAL PARTNER
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Deutsche Gesellschaf ~ o . A A~
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Zusammenarbeit (GI1Z) GmbH

ENERGY AND
RESOURCES
UTILIZATION

CLIMATE CHANG
MITIGATION

SUSTAINABLE
ECONOMIC

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

A Glzis fully owned by the GermanFederalGovernment,GlZimplement developmentprogramsin
partner country on behalf of the German Governmentin achievingits development policy
objectives

A For over 60 years the GIZ has been working jointly with partners in India for sustainable
economic,ecological.and socialdevelopment



APPROACH

CLIMATE

SMART
BUILDINGS

Map highlighting
the States, under
Central Cluster

The Climate Smart Buildings (CSB
program is aligned with the commitments made by
the Indian Government to meet its objectives

submittedunderSDGL1.

Indo-GermanEnergyprogrammed L D9 b Qa
Programme) Climate Smart Buildings(CSB)proposes|
to extendtechnicalassistancend cooperationfor the

followings

A Developingaction plan for Thermal Comfort to
build Climate Resilient Buildings for mass scale

application

A Implementation of Global Housing Technology

Challengendia(GHT@ndia) HEAD OFFICE of CENTRAL CLUSTER
Indore, Madhya Pradesh v
known as O6Centr al Cl u:

(alias CSB Cell)



CONCEPT

1 CLIMATE
ACTION

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

9.INDUSTRY, INNOVATION AND
INFRASTRUCTURE

Build resilient infrastructure, promote

Inclusive and sustainable industrialization, and
foster innovation

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

13. PROTECT THE PLANET
Take urgent action to combat climate
change and its impacts
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STRATEGY FOR EXECUGICHB CELL

Live
Monitoring

Stimulation
& Plannings

Thermal
Comfort &
Climate
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Boost
technology
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future
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Capacity
Building &
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Gaps
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NEED FOR THERMAL COMFORT AND HOW IT IMRAGF LIS

Lack of vegetation, lack Anthropogenic heat released from
of evaporative cooling, heated or cooled buildings

shading
Heat released
Building materials store by traffic
solar heat and release it Tall buildings trap air
at night in to the street
canyons and reduce
Q wind speed within
Long-wave radiation Biecity
is reflected from
walls back to street \

level

Due to the UHI a city centre can
be over 10 degrees warmer than
the surrounding countryside




NEED FOR THERMAL COMFORT AND HOW IT IMRAG LIS

Impact of Heatwave
Impact on working hours

O 5 10 1 20 25 30 35 40

Today 2030 2050

https://www.mckinsey.com/businesginctions/sustainability/ousinsights/climaterisk-and-responsephysicalhazards
and-socioeconomigmpacts




NEED FOR THERMAL COMFORT AND HOW IT IMRAG LIS

A lack of thermal comfort makes us
feel stressed annoyed,distracted, feel
sleepytired andlackingconcentration
In turn, thermal comfort inevitably has
Change in temperature (in° C) . . . .
P animpacton well-being,productivity

028-039
039-0.52
0.52-069
0639-093

SourceBiannialupdate report India



Session 1Thermal Comfort:

A Indices
A Thermal comfort in Affordable Housing

A Passive strategies
A Case studies



THERMAL COMFORHACTORS AFFECTING THERMAL COMFOR

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

g Insy
S0,
0/— N

oli
e‘ab C /‘Pa[.@

Thermal comfort is difficult to measure
becauseit is highly subjective It depends

on the air temperature, humidity, radiant
temperature, air velocity, metabolic rates,
andclothinglevels

Personalfactor
V Clothinginsulation
V Metabolic Ratgdmet)

Environmentalfactor

V Humidity

V Air Speed

V Air Temperature

V RadiantTemperature



FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMEN

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

bration

Convection
Radjation

Conduction

Conduction
Shivering

Heat produced Heat lost
in body by body
Heat exchange between the human
Weraparotion body and its environment via

A Radiation
A Convection
A Evaporation

Qradiation

e
Qconvection

L

EE

M J N

Qmechanical




THERMAL COMFORT INDICES

. Comfort Zone
" Heating Zone

Cooling Humidifying Zone
" Cooling Dehumidifying Zone

« = 1m/s Comfort Zone
[C] Outdoor Data
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Temperature (°C)

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

Direct Indices

A Dry Bulb Temperature
A Dew Point Temperaturt
A Wet Bulb Temperature
A Relative Humidity

A Air Movement

Rationally Derived Indices
A Mean Radiant temp

A Operative Temperature
A Heat Stress

A Thermal Stress



THERMAL COMFORT INDICES

Operative temperature is defined as a uniform temperature of an
Imaginary black enclosurein which an occupant would exchangethe
sameamount of heat by radiation plus convectionasin the actual non
uniform environment

Naturally Ventilated Buildings

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

1.4
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N
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AIR SPEED (m/s)
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OPERATIVE TEMPERATURE (°F)

68 72 5 79 82 86 20
276

1.1 met
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local control of ar spead
local control not requred
wovziz soll air comiort Z0nes

inthis Figure, t =t
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AIR SPEED (fpm)

N
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OPERATIVE TEMPERATURE (°C)

Comfortable | Too Hot | Too Cold | Too Drafty



THERMAL COMFORT INDICES

Mean Radiant Temperature

Imaginary room

S tf R’

i
. Heat )

exchange by
radiation:

B V" AN

The Mean Radiant Temperature 1s that uniform temperature of an
imaginary black enclosure resulting in same heat loss by radiation from
the person, as the actual enclosure.

o

Measuring all surface temperatures and calculation of angle factors is
time consuming. Therefore use of Mean Radiant Temperature is avoided
when possible.

MRT = T\F,_, + TsvF, s+...+T,F,_,



THERMAL COMFORT INDICES

THE PREDICTED MEAN VOTE (PMV)

A PMVrefers to a thermal scale that runs from Col8)(to Hot (+3).
A PMV range for thermal comfort6.5 and +0.5or an interior spacéASHARE 55)

Inputs for Energy Balance

Metabolic Rate

Clothing Insulation

Air Temperature

Air Velocity

Mean Radiant Temperature

Relative Humidity

Storage = Production - Loss

PMV Index

+1  Slightly Warm

0  Neutral (Comfort)
-1 Slightly Cool

-2 Cool




THERMAL COMFORT INDICES

PREDICTED PERCENTAGE OF DISCOMFORT

PPD.or indexthat establishesa quantitative prediction of the percentage
of thermallydissatisfiedbccupantgi.e. too warmor too cold)

COLD cooL SLIGHTLY COOL NEUTRAL SLIGHTLY WARM WARM HOT

-3 -2 1 0 +1 12 +3



MEASURES TO IMPROVE THERMAL COMHOBRESIGN

PassiveDesign
Desigrthat leverages climatologicalhgsponsivadesignto encouragenatural

heating/coolingyentilation,andlighting.

Active Design
Desigrthat relieslargelyon mechanical electricalsourcesof heating/ cooling,

ventilation,andlighting.

7" Summer Sun Path

Passivalesignneedsactive users.

Active designneedspassiveusers.




MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES

G2

| Building Ventilation Types

; ; )

Naturally Ventilated (NV) Mixed Mode (MM) Air Conditioned (AC)

v

AORM & ORIENTATION OF BUILDING BLOCKS
AENESTRATION

ASHADING OF OPENING /WINDOWS
ADAYLIGHTING

ANATURAL VENTILATION

A/EGETATION




MEASURES TO IMPROVE THERMAL COMFORT

PASSIVE DESIGN STRATEGIES

ORIENTATION OF BUILDING BLOCKS

SUMMER SUN
® Sun path at a high angle sun, north to E-W axis
p— » Glare free daylight is most easily available
R on north facade as minimal solar radation
o W will fall at high angle
WINTER SUN N
* Sun path atalow angle , south to E-W axis ’:,Ef;._ ) WINTER S * Easy shading of south facade from
= D 4 high angle sun

* Solar radation will penetrate south facing ly Ay

facades at a low angle during winter

East and west facades continue to receive
uniform, strong solar radiation at a
low angle through the year.

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

PASSIVE DESIGN STRATEGIES
ORIENTATION OF BUILDING BLOCKS

5C [ )= v B [ =0

Orient longer facades along the north. This will provide glare free light in summer from north without shading and winter sun penetration from the south.

“—————-——%‘*
— > S
45 or 30

degree

—

Place buildings at a 30 or 45 degree angle to

the direction of wind for enhanced ventilation.
Form can be staggered in the wind facing direction
also to achieve the same result.

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

to allow ventilation

-
negative pressure

e —
- . B .

Taller forms in the wind direction of e -
prevailing wind can alter the wind movement pattern staggered layout helps in

for low lying buildings behind them accentuating wind movement

17 f
:.;"“ 3 2‘;_ 12
4 4 g 2
Solid shape type Surface area(S  \Welume V) Ratio(S/V)
a 06 o4 15
b 1032 04 1.61
¢ 136 o4 213

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES

FORM OF BUILDING BLOCKS

ﬁ' Maximise mutual shading through built forms

clnsely plac&d forms narrow streets - keep building height to street width ratio minimal
f Minimise S/V ratio in extreme climates

<@<%

increase compactness by reducing
surface area for the same volume

3 Minimise P/A ratio in extreme climates

O¢ ¢ B¢ [T ¢ D¢




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

ORIENTATION OF BUILDING BLOCKS
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UDAAN, low cost mass housing project at Mumbai

Orientation and form

An extreme climatic conditionompact plannings more preferable
AVinimising the perimeter to area ratio of building form, building

A Maximumdgyl?ght performs better in terms of thermal comfort
A Properventilation ACompact formgain less heat at day time and loss heat during nic
time

TheOrientationcanalter the thermal comfort up to ¢ 9 % asthe areaof the wind facingwall
varieswith the orientation

Minimizing the surfaceareato volumeratio minimizesheat transfer.
Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
PASSIVE DESIGN STRATEGIES

Fenestration

Solar radiation
incident on the glazing

Heat reflected

9%

<

Re-radiated outside

8%
OUTSIDE

Heat transmission in a single glazing clear glass

Source: NZEB

ABSORBED

Afenestrationsystemwith low U-valueand
low effective SHG@&an result in reduction
of heating and cooling demand by 6-11%
In moderateclimateand between8-16%in

:;:Zttlrya;mted hot humid, hot dry, and composite
climates

1 Solar Heat Gain Coefficient (SHGC)

Measure of soalr heat transmitted through the window
Lower values mean less solar heat gain

SHGC s:ould be lower for warm climates and higher for cold climates
Solar Radiation ’ '

p

2 Visual Light Transmission (VLT)

- R Visible light that passes through the glazing
Re-radiated inside Ly Higher VLT denotes higher daylight penetration
OUTSIDE Visible Light ) ‘r: INSIDE

U value
Denotes conduction heat gain through glazing unit (frame + glazing)
Lower U value means less heat is conducted

4 Light to Solar Gain Ratio (LSG)
Ratio of VLT to SHGC

Fe n eStraU O n -typ e _—A-;.: Higher values better for daylight harvesting




MEASURES TO IMPROVE THERMAL COMFORT

PASSIVE DESIGN STRATEGIES
SHADING OF OPENING /WINDOW

ﬂﬂﬂﬂﬂ
“““““““““““
e R NN e T T

\
..................



MEASURES TO IMPROVE THERMAL COMFORT

PASSIVE DESIGN STRATEGIES
SHADING OF OPENING /WINDOWS Cases Cases

Vertical Shading Horizontal Shading Horizontal & Vertical Shading

H-SD-0 (no inclination) V-SD-0 (no inclination)
H-SD-30 (inclined at 30°) V-SD-30 (inclined at 30°)
H-SD-45 (inclined at 45°) V-SD-45 (inclined at 45°)
H-SD-60 (inclined at 60°) V-SD-60 (inclined at 60°)

\ l Jizf \/—\ShadowAngle i b

Protector

Shading mask of vertical shading device Shading mask of horizontal shading device Shading mask of egg crate shading device
vertical shading devices horizontal shading devices comination of horizontal and
protect from sun at sides protect from sun at high angles vertical shading devices protect
of the elevation such as and opposite to the wall to be shaded from sun in all orientations
east and west side such as north and south sides

Solarshadingdeviceshelps
A Diffusinglight

A Controlheat

A Improvingdaylight
Comfortableliving

Use of shading device at Palace of Assembly, Chéndigarh

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

DAYLIGHTING

overcast sky

‘-/.-.'/.’;_‘_...-" "'..:::‘_:":»,“ -.'-."-.._n.\.‘\.\ . € X) | ' ’ | ‘ ' _‘ -4 ”‘ 9 l A
/ % & daylight factor ~ IRC+ ERC+SC _ 4" X X\ ‘1‘ ‘i ikt ’E“ ani |

ugl

o e
\ L5 ’
Y
,
]

adjacent building

ground

A Designeddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting can impact the energy use by
reducingthe lighting energydemandup to 20-

30%. Daylighting and Shadingat AranyaHousing,Indore

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

NATURAL VENTILATION
Crossventilation
to allow maximum air flow g%
insidethe space 8
L5

Living zone is the space commonly
used by occupants. Air movement !
should be directed through thisspace. | L 4 7T

inlet openings placed at high level deviate air flow away from the living zone
irrespective of outlet position

’

Types of opening and their l'—‘

location

Natural ventilation helps in

reducing mechanical cooling
load of the building

Louvres Canopies

Source: NZEB
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Horizontal placing of openings and internal partitions can alter the direction and spread of air st



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
VEGETATION

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

AShadingof buildingsand openspaceshrough
landscaping

ARoofgardens(or greenroofs)

AShadingof vertical and horizontal surfaces
(greenwalls)

Mufferagainstcold and hot winds
AChanginglirection of wind

creepers are flexible shading devices for shading verandahs and interior spaces as
per the season

WINTER

HEN
HEN

deciduous trees allow sun penetration in winter and block sun access during
summer



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
VEGETATION An increase in

At n—\;(.,]_‘\ plantation for funneling evergreen tress spaced at a
D o | wind to the building

distance for shading east u rban Veg eta“ on to red uce

A facinsyvalls ”

g2 2 urban heat and improve
5 J outdoor thermal comfort.
. ‘J 8
trees should be atadisténéé 2 < > “Bf 7 P deciduous trees

from the north facing side to

allow daylight Py ‘) solar access during

= T, winterdlongwith  temperature due tcevapo

-9 5
“=d 577 deep verandahs on

,%; £\ _southsidefor  transpiration.
AT

Pt 4 oz, meanpoiee  Trees also reduce ambient air

evergreen, closely spaced
trees and shrubs for shading ‘w#_
west facing walls

Sudy shows that ambient air under a
tree adjacent to the wall is about@

2.5°C lower than that for unshaded areas.ji§ }}

!
3

’ 4 \l.';“ ’ 'Z/- ”Vg S
1™ \

“wr y
)

< P >
- -

Source: NZEB Community,Gary HortonL.andscape Development
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CASE STUDY



CASE STUDBMARITGHARII, RAJKOT

Project: Affordable housingin Rajkotunder PMAYUntenableSlumRedevelopment.

wSitearea:17,593m?2
wBuiltuparea:57,408m2

wNumberof dwellingunits (DU):
1176(All1 BHK) |
41°C

wllresidentialtowers: Stilt+ 7 Typical summer

max. day temp.

KeyFeatures

38.3°C
Typical max. room temp.
(pre-charrette)

wSensitivehdesignedvindow

shadedo reduceheatgainswhile | — |
improvingdaylight. e e
. . . ventilation in th mmmon shaft.
wUse ofafan-servicedventilation e eeeed |
shaftto improveair quality inside. AT

Taller, partially
glazed casement

|

Brhaust Al ) Edasta windows. Casement
4 Exhaustfan ﬁ > windows provide
O utcomes o i \ .S g ] ’ g::; bett:elr :_aturalth
N I ﬁ: ﬁ-‘ :t:: 1la I:::n E:‘Sa :y
wReducegeaksummerroom —p A ' R S
temperatureby >5/C | ﬁ / 1600 shtters are 2/31d
> or:\r:: ,s e:: ains
wlincreasechumberof comfortable / NZS ] | omentenng.
hoursfrom ~2600hoursto ~6300 ] ~ o
h ours. ? o provides adequate
/ s daylight.

Source: BEEP



CASE STUDRAMBAUGHBURHANPUR

Aresidence which habeen
designed toremaincool
without the useof anair
conditioner.

AFTERNOON PLAY AREA
& INFORMAL SEATING
AT NORTH

BEDROOM

FORMAL LIVING AREA

ORESSING & BATHROOM

ENTRANCE PASSAGE
& STAIR CASE CABIN

STACK VENTILATION SHAFT
& POOJA ROOM

DINE AND LIVING ROOM " o MGG ¢

KeyFeatures

BEDROOM

BEDROOM

wmutual
shading

KITCHEN AREA

RECESSED COURTYARD
FOR MORNING BREAKFAST
Al SOUTH

woptimal .
building
orientation

NORTH
CONNECTING LAYERS

i - 3

. \ 27

- .
R A

Source: Parekh Collaborative



CASE STUBDXANCHANJUNGA APARTMENTS

Aarchitect: Charles Correa arabian sea 4" 1 — , munsoon
A ocation:Bombay, India ~

ACompleted on:1983 munsoon
Auilding TypeSkyscraper mukiamily

housing

AConstruction SystemConcrete Hok sl
Aloors:32

= J breeze

_aplyharbours
b RS

= A

w ¥ Ve T
v/ /W

Key Features

The main living spaces with an enclosed ———
verandah whilst turning that buffer zone into

a garden, thriving on the problem. Because of
climatic considerations with existing views,

the massing settled upon a configuration

facing east and west
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Thermal Comfort Standards

Session 2:
a) Thermal Comfort standards
b) Effect of materials on thermal comfort



EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR

ANSI/ASHRAE Standard 55-2020
(Supersedes ANSI/ASHRAE Standard 55-2017)
Includes ANSI/ASHRAE addenda listed in Appendix N

Thermal
Environmental
Conditions for

Human Occupancy

See Appendix N for ASHRAE and American National Standards Institute approval dates.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a
change can be found on the ASHRAE® website (https://www.ashrae. org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway NW, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free |-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.org/permissions.

©2021 ASHRAE ISSN 1041-2336

2
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,(1,* MINISTRY OF POWER

ECO-NIWAS SAMHITA 2021

(Code Compliance and Part-Il: Electro-Mechanical and
Renewable Energy Systems)

Hurcau of Eocrgy Fibaency
(Minsostry of Power, Government of Inda)
www beesesbia govin



EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR

According to the IMAC modeieutral
temperature in naturally ventilated
buildings varies from 19.6 to 28.%C for
30-day outdoor running mean air
temperatures ranging from 12.5 to 31
°C

...............................................
-----------------------------------------------
...............................................
-----------------------------------------------
-----------------------------------------------
...............................................
...............................................
...............................................

...............................................

An Introduction to the
India Model for
Adaptive (Thermal)
Comfort

IMAC 2014

Principal investigators

Sanyogita Manu, Yash Shukla and Rajan Rawal

Centre for Advanced Research in Building Science and
Energy, CEPT University, Ahmedabad, India

Lead experts and Co-investigators
Richard de Dear, University of Sydney
Leena Thomas, University of Technology, Sydney

Funding bodies

Ministry of New and Renewable Energy, Govt. of India

and Shakti Sustainable Energy Foundation

Introduction

Buildings represent around 40% of world's primary energy
consumption. They are, therefore, directly responsible for
increase in greenhouse gases and can play a key role in
climate change adaptation. To achieve an energy efficient
building regime, governments, businesses and individuals
must transform the way buildings are designed, built and
operated. Energy consumption in new and existing
buildings can be reduced through design interventions,
low-energy systems and behavioural changes.

In India, electricity demand already exceeds supply. The
largest and most significant end use of electricity in
commercial buildings is air-conditioning. The rapid growth
in new floor space combined with an increase in thermal
comfort expectations and aspirations, will lead to asurge in
demand for air conditioning. If permitted unchecked, the
growth in building air-conditioning will add immense
pressure on electricity infrastructure and exacerbate the
already extreme peak-demand problemin the country.

In order to prevent anincrease in energy use associated with
space cooling, the deployment of low energy adaptive
strategies in building operation is critical. This could also
help increase our resilience to the effects of climate change.
When the occupants are allowed to adapt to a building's
environment by means of adjusting their clothing, cooling
or heating set points, operation of windows, or any other
measures, they are able to tolerate a wider range of
environmental conditions, which, intum, helps save energy.
At present, the predominant trend in India is to design air-
conditioned office buildings that operate at 22.5 + 1°C all
year round to meet the stringent specifications outlined by
ISO 2005 and ASHRAE 55. These buildings are designed as
sealed and fully controlled environments, and do not take
advantage of favourable outdoor conditions whenever
available. This conventional approach to design and




EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR
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are sleeping, reclining in contact with bedding. or able to adjust blankets or bedding.

Documentation The CEE comfort tools automatically calculates the relafive air speed and the dynamic clothing insulation .



EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR

EceNiwasSamhita(Energy Conservation Building Code for Residential Buildings)

EceNiwas Samhita 2018 (BEE,2018 is the new Energy ConservationBuilding Code for
ResidentiaBuildingd ECB@R)which hasfollowing provisions

1. To minimizethe heat gainin coolingdominated climate or heat lossin heatingdominated
climate,

a. Throughthe buildingenvelope(excludingoof):
I. Maximum RETVfor cooling dominated climate (Composite Climate, Hot-Dry

Climate, WarmHumidClimate,and TemperateClimate)
Il. MaximumU-valuefor the coldclimate
b. Throughthe Roof MaximumuU-valuefor Roof

2. Fornaturalventilation potential
a. Minimum openablewindow-to-floor arearatio with respectto the climaticzone

3. Fordaylightpotential
a. Minimum visiblelight transmittancewith respectto window-to-wall ratio

Thiscode focuseson building envelopeand aimsto improve the thermal comfort and reduce
the energyrequiredfor coolingandlightingin Residentiabuildings



EFFECT OF MATERIALS ON THERMAL COMFORT

Transfer of heat from one

CONDUCTION material to another, through

direct contact

Transfer of heat through a

&O)\\V/=@uRI[®])| | medium, in case of buildings it Js

mostly air

N

Energy that is radiated in form

RADIATION of rays/ waves

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

Forthe samewe do require different materials
to fulfil the wuser requirements such as
aestheticssafety,visibility, etc.

Above image is only for ill



EFFECT OF MATERIALS ON THERMAL COMFORT

------------------------------------------- Thermal transmittance tvalue

A Heat transfer due to temperature
difference, inside & outside

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

A Unit of U value i®V/mak.
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EFFECT OF MATERIALS ON THERMAL COMFORT

Before selecting insulation material for a building, the following factors need to be considered:
The climatic conditions of the region

The material flammabillity in case of an accident

Material toxicity

Ease of replacement of the material

Material affordability

Material durability

Ease of installation
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Characteristic of
insulating materials

Insulating Power
Fire Resistance
Resistance to water
Heat Resistance
Embod ied Energy

Water vapor diffusion
Compression Strength
Absorption of vibrations
Cost at given insulation

Traction Strength
Wl Absorption of aerial noise
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MATERIAL CHARACTERISTICS FOR BETTER THERMAL COMEF

Thus, the lower the Malue, the lower the rate of heat transfer, and the better the insulati
property of the element

m U-Value (W/m2K.)
18 1.715 1.673 1.67
16 1.559
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1.2
1 0.907
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0.22
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Glass fiore  Rattrap bond  Brick wall Glass fibre Light Gauge Reinforced EPSandwich Panel
reinforced wall reinforced framed steel  core Panel System
Gypsum panel Gypsum panel -structure with system
with RCC & Unfilled EPS
non..

=)

Decrease in U value
Enhance Thermal Comfort

@source :CRDF Document of CEPT
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Session 3: New age innovative technologies along with the 6 LHP construction technologies focusieffiaancy
In construction, mainstreaming & replication of technologies, and sustainable cum thermal comfort aspects.



LHP INTRODUCTION

6 LHP ACROSS INDIA

KASHMIR
Government of India
bmancesta Ministry of Housing and Urban Affairs
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Map showing six different LHP Locations

LHPshallserveasLIVH_aboratoriesfor different aspectf Transferof technologies



6 LHPs

mmm 1.Indore,Madhya Pradesh

wPrefabricated Sandwich Panel System

me  2.Rajkot,Gujarat

wMonolithic Concrete Construction using Tunnel Formwork

e 3.Chennal, Tamil Nadu

wPrecast Concrete Construction Systefrecast Components Assembled at Site

4.Ranchi,Jharkhand

wPrecast Concrete Construction Syste@D Volumetric

sy O.Agartala,Tripura

wLight Gauge Steel Structural System &-étrgineered Steel Structural System

mmm  O.LUcCknow,Uttar Pradesh

wPVC Stay In Place Formwork System




6 LHPs Explained Via Video



LHP INDORE
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