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THERMAL COMFORT IN AFFORDABLE HOUSING

Climate Smart Buildings (CSB)

Cluster cell Indore, Madhya Pradesh under Global Housing Technology Challenge - India (GHTC -India)



INTRODUCTIONVIOHUA
W1 2 dZbrA \f By ZD22

Under the Mission, Ministry of Housingand Urban Affairs (MoHUA),providesCentral Assistancdo
Implementing agenciesthrough Statesand Union Territories for providing housesto all eligible

families/beneficiariedy 2022
Addressindhe affordablehousingrequirementin urbanareasthrough:

Affordable Housingn
Partnership with Public & Private
Sectors

Subsidyfor
BeneficiaryLed _
individual house Promotion of
construction/ Aff_ordable
enhancement. Housing through
In-situ Slum CLSS

Redevelopment
(ISSR) for Slums

Slum rehabilitationof Slum
Dwellers with participation of
private developers using land as a
resource.



INTRODUCTIONGIZ

A GIZ is an international cooperation

! : E

enterprisefor sustainabledevelopment ey

which operatesworldwide, on a public

benefit baSiS ...............................

A GIZ is fully owned by the German

Federal Government, GIZ_ Implement Sustainable Glz Environment,

development programs in partner Economic CIMELE TR
Development and Biodiversity

country on Dbehalf of the German
Government in  achieving its
developmentpolicyobjectives

A For over 60 years the GIZhas been
working jointly with partners in India Sustainable Urban and

: : : Industrial Development

for sustainable economic, ecological,
andsocialdevelopment



TASKS PLANNED WITH MoHUA

The Climate Smart Buildings (CSB)programme is
alignedwith the commitmentsmade by the Indian
Governmento meetits objectivessubmittedunder
SDGLL

L D9 lpr@grtamme, Climate Smart Buildings (CSB)
proposes to extend technical assistance and
cooperationfor the following:

A Technicalssistancen developingthermal comfort
action plan for climate resiliencebuilding for mass
scale applicationin selectedstates for Affordable
Housing

A Technical support in implementation of Global
HousingTechnologyChallengdndia(GHT&ndia)

T

Climate Smart
Buildings

Map showing states under central cluster cell
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LHP INTRODUCTION
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mmm 1. Indore, Madhya Pradesh

wPrefabricated Sandwich Panel System

me 2. Rajkot, Gujarat

wMonolithic Concrete Construction using Tunnel Formwork

== 3. Chennai, Tamil Nadu

wPrecast Concrete Construction Systefrecast Components Assembled at Site

=== 4. Ranchi, Jharkhand

wPrecast Concrete Construction Syste@D Volumetric

m  O. Agartala, Tripura

wLight Gauge Steel Structural System &-étrgineered Steel Structural System

mamm 0. LUcCknow, Uttar Pradesh

wPVC Stay In Place Formwork System
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DHR Showcasing the field
level application of new and
alternate technologies




DEMONSTRATION HOUSING PROJECTS

DHP Locatio Technology Used Usage & Number of
Houses

Bhubaneswar, PREFABRICATED SANDWICH PANEL 8YSTEM PMAY (U) Beneficiaries
Odisha Reinforced Expanded Polystyrene sheet core with sprayed concrete as wall & 32 (G+3)
Lucknow, STAY IN PLACE FORMWORK SYSTEM Rental basis to Hospital

Uttar Pradesh

Stay in place EPS based double walled panel system with infill concrete

patients & their attendees
40 (G+1)

Hyderabad, w [LDI¢ D' D9 {¢99[ {<¢1&WUnitstc | w! [ { B { (Trainin Hostel
Telangana w {¢! . Lb t[!/9 -Gtuotad StayM Place StaeloFarmwork J
: 32 (G+3)
System 16 Units
Bihar Shariff STAY IN PLACE FORMWORK SYSTEM Sports Hostel & other social
Bihar Structural Stay In Place Steel Formwork System welfare activities
36 (G+2)
Nellore STAY IN PLACE FORMWORK SYSTEM _ L
Andhra Glass Fibre Reinforced Gypsum Panel (GFRG) Social welfare activities
36(G+1)
Pradesh
Panchkula Light Gauge Steel Framework System (LGSF) with Cement Fibre board on bc Working women hostel (on
Haryana of walls and infill of rock wool rental basis)
40(G+3)
Agartala Structural Stay In Place Steel Formwork System Shelter for Destitute Women
West Tripura 40(G+1)
Ahmedabad PRECAST CONCRETE CONSTRUCTION egjratbtl Hybrid Solutic®ne PMAY (U) Beneficiaries
Gujarat 40(G+3)
Chimbel Light Gauge Steel Framed Structure with Precast Concrete Panels on both sic Old Age Homes
Goa Wall and Light Weight Concrete as Infill 28 (G+1)
Bhopal Insulated concrete formwork Sports Hostel

MP

40 (G+3)



Decent Iivin?
environment for
Urban Migrants/
Poor

Effective
Utilisation of
Vacant Land

Sustained
Workforce &

The ARHC scheme will be implemented through two models: Thy Pradumty
cre - .. Private/ Public
1. Utilizing existing Government funded vacant houses to convert Entities

into ARHCs through Public Private Partnership or by Public
Agencies
2. Construction, Operation and Maintenance of ARHCs by Public/

Outcomes

Promoting New Economically

; .. ) ) Investment Producti
Private Entities on their own available vacant land oppartunity & Use of Bout.
Entrepreneurship Funded Vacant

Houses

Strengthening
of Municipal
Finances

JIUdlL . | | t |
D( | : .
o oG
2,467 vacant houses conv~rted into ARHCs
sll.78 S . (Ahmedabad-1,376, Rajkot-b98 & Surat-33 )
1 L jed vaca DUSE pnverted ' -
AN ' D& ara 00 RajaSthan
480 vacant houses converted
. . . into ARHCS in Chittorgarh
0p0 Or Co q 7,483 va 0 0 A Dro d 0 P s
Prad 3 i Prad d and R ™
UT of J&K
s o0 e T 336 vacant houses converted into
AMSALY ZJ ol 4% Va

ARHCs in Jammu



MODEL 1

City wise
fixation of

affordable
rent

Approval/ Site handover
Selection of to

Concessionaire Concessionaire

Proposal

Submission

4

Technical/
Financial
evaluation

Inventory of Issuance

vacant of RFP
houses

SLAC/SLSMC
approval

Commencement
of Work

MODEL 2

''''''''''''

& Application g : DPR . ¥  Statutory
[ Submission { i Submission { i Approvals

ssuance 4 Technica ¥ SLSMC/CSMC ¥ Commencement
of Eol ' 8 Evaluation B & approval A of Work

-
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Affordable housing refers to housing units
that are affordable by that section of
society whose income is below the
median household income

WHY AFFORDABLE HOUSING NEEDS A PUSH

Demand-supply gap (2016-2020)

Supply has miserably failed to MIG
keep pace with demand for low 64%
income group housing. For the
other income segments, it's
been a problem of plenty

® Demand
® Supply

Data for top eight cities: Mumbai, NCR, Bengaluru,
Kolkata, Hyderabad, Chennai, Pune and Ahmedabad

HIG: High income group; MIG: Middle income group:
LIG: Low tncome group

Source: Cushman & Wakefield



IMPORTANCE OF THERMAL COMFORT
What is Thermal Comfort

/
ﬁ*ffm 8., . “ppn
\P.:Q.\ Thermal comfort is difficult to

Thermalcomfort is the condition 1 o8 measure because it is highly
of ”?'”d . . that % X . subjective It dependson the air
expresses satisfaction with the /¢ r B \ temperature, humidity, radiant
thermal environment and is | l temperature’ i ’velocity
assessedy subjectiveevaluation @ 1l AY metabolic rétes and clothing’
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FactorsAffecting ThermalComfort

Personafactor
V Clothinginsulation
V MetabolicRatgmet)

Environmentafactor

V Humidity

V Air Speed

V Air Temperature

V RadiantTemperature




THERMAL COMFORT

Comfort Band of Human Body
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Skin surface temperatures of human body at various body parts in ambient
temperature of 30C vs 28C; (Right) Comfort band of human body



FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMENT

Cold Neutral Hot

(15°C)  (27°C) (47 °C)

A Forehead 317 352 = 37 V The thermal comfort
B BackofNeck 312 351 _ 361 O ocoupams IS
C Chest 301 344 358 nritencedby variots
S B S T i | parametersat play

D . L UpperBack R 30? .......... - 344 ......... - 3 63 ........... V The factors affecting
E  lowerBack 292 337 366 thermal comfort can
P e 29 338 357 be  mainly
R Tt kb A T N categorized  into
G Atl;;wer 292 348 362 environmental and
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Hoiiicep 28382366
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L . Hand = 237 338 367  Environmental Factors
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FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMENT

Environmental Factors
Air Temperature
Relative Humidity
Mean radiant Temperatt
(MRT)

Air Speed

Factors affecting thermal comfortAir Temperature Tair) and Relative Humidity (RH)

Moving air facilitates the
evaporation of sweat from the
skin surface, thereby
contributing to thermal
comfort.

Factors affecting thermal comfortMean Radiant Temperature (MRT) and Air Speed



FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMENT
Personal FactorsClothing Value, Metabolic Rate

Clovalue- 0.5 and 0.5

Factors affecting thermal comfort: Clothing Value (CLO)

A The amount and type of clothing worn by an individual affects the transfer of heat from the skin to the
surrounding environment.

A Clothing acts as a barrier or resistance to sensible heat transfer.
A The degree of resistance depends on material of the clothing and number of layers in the ensemble



FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMENT

Other Factors Short term physiological adjustment, Long term physiological adjustment, Body
shape and fat, Age and gender, State of health

Other factors affecting Thermal Comfort Left: short term physiological adjustments; Right: Long term physioloc
adjustments



COOLING DEMAND GROWTH & ITS MITIGATIONS

Residential built-up area (billion m?)

30.0
>80 The total increase in urban
' residential builtup area is
~ 200 estimated to be greater than
= 150 _ 15.0 threefold between 2020 and
Q2 1.8 2050.
© 100 . J.7 It is projected to rise from 5.
- 5.9 | billion sg. m. to 22.2 billion
' sg. m. over three decades
(20202050)
2020 2030 2050
® Rural
1000F 5l
2 For buildings sector alone,
800F Cold-chan 3 200F Cooling demand will swell
= Tansport 3 ~(oldchan  up to 11 times from the
< 600F Al- = B0F ~ plapot paseline over a span of
= Lonationing . é o mere two decades.
<400} B Refrigeration c 100 - d . IRSf[:IEjli-Elli’;r::g? Up to a 30% reduction is
IS.FELﬁdCPUhHG E ..... i - B Space Cooling possible in the Total
20 e g n8uldng — Primary Energy Supply
; E 0 P (T PE S)

SCEnar SCEnaric JENAND  SCENAND JENANG  ACenana



COOLING REQUIREMENT SCENARIOS
COOLING REQUIREMENT IN BAU VsOQEEBCENARIOS

TWhth/ year is a unit to measure the amount of thermal energy that must be removed from the building to maintain therm
comfort for occupants

BAU Scenario
Total: 2913 TWhm/Year

Deep-Cut Scenario BAUC Business As
Total: 2006 TWh_ /Year Usual

Deep Cut Scenario
The deepcut scenario
refers to a proposition
of implementing
aggressive measures
such as improvements
In building envelope
technologies and
cooling technologies
to reduce the cooling
demand

0 TWh_ /year 367 TWh, /year
E B
Urban residential space cooling energy requirement map of India, 2050

A the space cooling requirement in urban residential buildings was estimated to b&\8®@year in 2020 in India

A The same demand races upwards of 2FWhthyear by 2050 in BusinegssUsual (BAU) scenario

A However, it is possible to redefine the curve of rising space cooling demand in urban residential India ircat deepariogo a 30%
reduced value of 2006Whth'year



COOLING REQUIREMENT SCENARIOS
IMPACT OF BUILDING ENVELOPE

S00 722
Peak Load for Cooling systems (GW) * ==

&
300 o =80 355 354 330
200
100
2020 2025 2030 2035 2040 2045 2050

— BAU — Deep-Cut

In India, buildings typically have a lifespan of @0 years

V scopeof reducingenergyimpact of the systemsis limited until it is time to retrofit with more efficient
alternatives

V the envelopeof a building undergoesretrofitting at much greater intervals Thistranslatesinto higher
energyand environmentalcostsfor decadedsf the envelopeassemblyis not developedto reducecooling
loadsduringthe designphaseof the project

V Therefore,it becomescrucial to ensure optimized building envelope design before construction as it
presentstwo-fold benefit

V Optimizing building envelope as a standalone strategy with respectto its RETWalue demonstrates
opportunityto significantlyreducecoolingdemandby decreasinghe discomfortdegreehours(DDH)



NEED FOR THERMAL COMFORT AND HOW IT IMRAGALWS IVE AND QUANTITATIVE

HW Trends: 1961 - 2015
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India could lose the equivalent of 34 million jobs in 2030 due to global warming, says ILO

A lack of thermal comfort makes us festlessed annoyed, distracted, feel sleepy, tired and lackinc
concentration.
In turn, thermal comfort inevitably has an impact on \wming, productivity

Source Biannial update report India



NEED FOR THERMAL COMFORT AND HOW IT IMRAGCALSIVE AND QUANTITATIVE

The affected area and intensity of extreme heat and humidity is projected to
increase, leading to a higher expected share of lost working hours in India.

Share of lost working hours,' % B 00

O b5 10 1 20 256 30 35 40

Today 2030 2050 Based on RCP? 8.5

Mote: See the technical appendix to the report for why we chose Representative Concentration Pathway (RCPF) 8.5, All projections are based on the RCF 8.5 and
Coupled Model Intercomparison Project & multimodel ensemble. Corrected for heat-data bias. Following standard practice, future (ie, 2030 and 2050) states as the
average climatic behavior over multidecade periods, Climate for today is the average between 1998 and 2017, for 2020, the average between 2021 and 2040; and for
20850, the average between 2041 and 2060,

'Lost working hours include loss in worker productivity as well as breaks, based on an average year that is an ensemble average of climate models.

“Representative Concentration Pathway.

Source: Woods Hole Research Center

McKinsey A https://www.mckinsey.com/businesiunctions/sustainability/ousinsights/climaterisk-and-
& Cﬂmpany responsephysicalhazardsand-socioeconomigmpacts



BUILDING PHYSICS AFFECTING THERMAL COMFORT

Heat Transfer

Conduction
transfer of energy between adjacent molecules

/

Radiation
emission of

electromagnetic rays

Convection
movement of a hot fluid

Modes Of Heat Transfer In Building Enve
V Conduction

V Convection

V Radiation

éConduction ' Convection Radiation

Impact of design strategies
on heat transfer through
building envelope in various
climates. Conduction
Convection Radiation

Orientation
External Surface to Building Volume
Ratio

Extent of Fenestration and Thermal
Characteristics

Internal Volume — Stack Ventilation

Location of Fenestration — Pressure
Driven Ventilation

WH:

Warm Humid

CO: Cold

HD: Hot-Dry TE: Temperate CM: Composite




BUILDING PHYSICS AFFECTING THERMAL COMFORT

Building Envelope Relevant Metrices In Terms Of Heat Transfer

Building envelope

Parameter

element

Thermal Conductivity  Rvalue-Uvalue  Wals

- .+ Internal
Thermal Mass -~ Specific heat capacity | g iarnal

Thermal Conductivity  Rvalue - U value Fenestration
(Frames and Glass) -+«  Windows

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

Solar Heat Gain ~ «  Skylights
... Coefficent « Doors
Visible Light Transmittance VLT

Thermal Conductivity ~ Rvalue-Uvalue  Roofs

B A Floors
Thermal Emissivity ~ Solar Reflectance  Foundations

Solar Gains




FUNDAMENTALS OF THERMAL COMFORT

Building operation modes
V Naturally Ventilated Buildings
V Mixed Mode Buildings

V Air-Conditioned Buildings

e g i & eewwe = Naturally Ventilated Buildings
\ // LA - o
_— - ~
— B
—] i /m"
Natural ventilation. C . :1_ ] i P ]
Mixed Mode Buildings- f
7

PP LLLI
.. . .'
Heat recovery unit IETT L
Exhaust
Heat pump

1
""""""""""""""""""""

l A — Air-Conditioned Buildings

Supply air Air intake Extract air




THERMAL COMFORT METRICS

Thermal comfort indices describe how the human body experiencesatmospheric conditions,
specificallyair temperature,humidity, wind and radiation

30
. Comfort Zone
" Heating Zone
il . .
Cooling Humidifying Zone ‘ x | Direct Indices
"9 'fyng & g V Dry Bulb Temperature
' ' 200 3 | V Dew Point Temperatur
I | —
. Coohng Dehumidifying Zone & w2V Wet Bulb Temperature
' " . T
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A § V Air Movement
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THERMAL COMFORT METRICS

Operative temperatureis defined as a uniform temperature of an imaginary black enclosure in
which an occupant would exchange the same amount of heaadwationplusconvectionas in the
actual non uniform environment

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

OPERATIVE TEMPERATURE (°F)

o4 68 72 S 79 82 86 20
14 S — 276
1.1 met

1.2 iocal control of ar speagd
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0 SISl b p— A E
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06 | 118
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< <

0.4

0.2 e 39

- e 77
ey 5 $
0 ' 0

8 19 20 21 22 23 24 25 2% 21 28 29 331 31 3?2
OPERATIVE TEMPERATURE (°C)

Comfortable | Too Hot | Too Cold | Too Drafty
| |




THERMAL COMFORT METRICS

Mean Radiant Temperature

Actual room ;o Imaginary room/
4

< tl’ R:

i
l Heat 9

exchange by
radiation:

R=R’ /

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.

N

Measuring all surface temperatures and calculation of angle factors i1s
time consuming. Therefore use of Mean Radiant Temperature 1s avoided
when possible.

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



THERMAL COMFORT METRICS

THE PREDICTED MEAN VOTE (PMV)

V PMVrefers to a thermal scale that runs from Cold)(to Hot (+3).
V PMYV range for thermal comfort-6.5 and +0.5or an interior spac ASHARE 55)

Inputs for Energy Balance

Metabolic Rate

Clothing Insulation

Air Temperature

Air Velocity

Mean Radiant Temperature

Relative Humidity

Storage = Production - Loss

PMV Index

+2  Warm

+1  Slightly Warm
0  Neutral (Comfort)
-1 Slightly Cool

-2  Cool



THERMAL COMFORT METRICS
PREDICTED PERCENTAGE OF DISCOMFORT

PPD,or index that establishesa quantitative prediction of the percentageof thermally
dissatisfiedbccupantgi.e. too warmor too cold)

3 ‘E

' £ m
; ol

COLD cooL SLIGHTLY COOL MEUTRAL SLIGHTLY WARM WARM HOT

-3 -2 -1 0 +1 +2 +3



THERMAL COMFORT & AFFORDABLE HOUSING

Details mentioned under this section is taken from Handbgok

dnnovative Construction Technologies & Thermal Comfort in Affordable Housing
More detalls about the topics can be taken from the document. It is freely available at
https://ghtc-india.gov.in/Content/pdf/rachna/Rachna Handbook.pdf



https://ghtc-india.gov.in/Content/pdf/rachna/Rachna_Handbook.pdf

ORIENTATION OF BUILDING BLOCKS

SUMMER SUN

® Sun path at a high angle sun, north to E-W axis

— » Glare free daylight is most easily available
on north facade as minimal solar radation
will fall at high angle

WINTER SUN A= s
* Sunpath atalow angle , south to E-W axis J“f;l'ﬁ v WIHTER 5 ® Easy shading of south facade from

high angle sun

® Solar radation will penetrate south facing
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



ORIENTATION OF BUILDING BLOCKS

l

| ]

e ——— L:_]

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.

—

— .’
///92/!:

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

to allow ventilation

-
n Egatl'h’E pressure

1
| |

Taller forms in the wind direction of

prevailing wind can alter the wind movement pattern
for low lying buildings behind them

Source: NZEB

_—
—
—_—

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.

—
staggered layout helps in =
accentuating wind move 7 '\;‘
.'// \\ .-’-\-) /' / //'
W7//’§/ PR J /’: e A
, ; e 2?‘ A
/// 4 3//‘/;3/ 2213 ’

Salid shape type Surface wea(§  Wolume(V) Ratlo(5/V)

a 06 o4 1.5
b 1032 64 161
¢ 136 04 213




FORM OF BUILDING BLOCKS

. Maximise mutual shading through built forms

iEEt i’l,

closely placed forms narrow streets - keep building height to street width ratio minimal
. Minimise S/V ratio in extreme climates

Al 4

increase compactness by reducing
surface area for the same volume

. Minimise P/A ratio in extreme climates

@< <M< b B¢ )= ¢ I




AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

l N ﬁ
ORIENTATION OF BUILDING BLOCKS
e | . 1 = -y <

|

"w ™ .
. . .
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. N Yo
» .
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. :
. »
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_ _ UDAAN, low cost mass housing project at Mumbal
A Maximumdaylight
A Properventilation

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

Source: NZEB



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

)

Building Orientation and Form

An extreme climatic conditiooompact plannings more preferable
AViinimising the perimeter to area ratio of building form, building performs better in terms of thermal corr
ACompact formgain less heat at day time and loss heat during night time

Minimizing the surfaceareato volumeratio minimizesheat transfer.



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

SHADING OF OPENING /WINDOWS




AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

SHADING OF OPENING /WINDOWS Horizontal BIPV Shading Devices ~ Vertical BIPV Shading Devices

Cases Cases

Vertical Shading Horizontal Shading Horizontal & Vertical Shading
7 _,'_::::'1':']

H
A VSA “VSA
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°)
. Shadow Angl G H-SD-60 (inclined at 60°) V-SD-60 (inclined at 60°)

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, Chandigarh
Source: NZEB



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES
WWR (Windowto-wall ratio)

Visible Light Transmittance (VLT) '

VLT of noropaque building

envelope indicates the potential of >
using daylight. Ensuring minimum * Af \
VLT helps in improving day Ilghtlng
thereby reducing the energy
required for artificial lighting
WWR = A(Non-Opaque)/ A(envelope)
TABLE2 Minimum visible light tra
Window-to-wall ratio (WWR)® Minimum VLT 77
0-0.30 0.27
0.31-040 0.20
041-050 0.16
0.51-0.60 0.13
0.61-0.70 0.11

SOURCE Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS.



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

SolarHeat GainCoefficient(SHGC)SHGU s the fraction of incidentsolarradiationadmitted through
non-opagquecomponentsboth directly transmitted, and absorbedand subsequentlyreleasedinward
through conduction,convection,andradiation

Projection factor, overhang the ratio of the horizontal depth of the external shadingprojection
(Hoverhang}o the sumof the height of a non-opaguecomponentand the distancefrom the top of
the same component to the bottom of the farthest point of the external shading projection
(Voverhang)in consistentunits.

P Bverhang Hoverhang/ Voverhang

»

“ SUN
Projection Factor = H/V é::?

Transparent/
translucent panel

(3lass

‘/Transmissinn
Reflection \/7
Absorption i

Transparent/ M D‘JE[H” 5'D|ﬂ|'

translucent panel _
J Heat Gain

PLAN

Projection Factor = H/V

Secondary Heat Gain

SECTION SECTION



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

ResidentialEnvelopeTransmittanceValue
RETV characterizes the thermal e
performance of the building envelope
(exceptroof).

RETV- 21.0 W/m?
Business-As-Usual

Building Enveiope

Limiting the RETWalue helps in reducing
heat gains from the building envelope,
thereby improvingthe thermal comfort and
reducingthe electricityrequiredfor cooling
ltsunitisW/m2.

RETV-18.0 W/m2
Building Enveiope Details
Better insulation in walls and roof

0.06x Zn:(Aapaquei x{/ e X0 )} Term-1
i=l

(U-value)
High solar reflectance on
roof (SRI)

M

I

RETV = 1 x|+ 1.85><i(Am_0paque‘_ xUnon_Opaquei ) )} Term-I1

envelope g i=l

_|_

L

RETV-15.0 W/m2
Better Windows (U Value, SHGC, VLT

Building Envelope Optimization)

non-opagque,

68.99 Zn: (A X SHGC% q0) )} Term-111
L i=1




AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Fenestration

Solar radiation
incident on the glazing

Heat reflected

9%

A

7
N
N

J

Re-radiated outside
8%
OUTSIDE

ABSORBED

A fenestrationsystemwith low U-valueand
low effective SHGQan result in reduction
of heating and cooling demand by 6-11%
In moderateclimateand between8-16%in

Heat transmitted

directly inside

B 75%
"--_\__ “--"“---__,.-'\“
N
//
=

Re-radiated insid

8%
INSIDE

Heat transmission in a single glazing clear glas

Source: NZEB

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 sl:']]ould be lower for warm climates and higher for cold climates
Solar Radiation

2 Visual Light Transmission (VLT)
Visible light that passes through the glazing
Higher VLT denotes higher daylight penetration

OUTSIDE Visible Light _ ; INSIDE

3 Uvalue

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
Higher values better for daylight harvesting

Fenestration type



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

DAYL'GHT'NG Q—\iercasi_sk}'

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



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

NATURAL VENTILATION
Crossventilation A
to allow maximum air flow ¢
insidethe space $p ' ’
£ 3 i

Living zone is the space commonly
used by occupants. Air movement
should be directed through this space.

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

Types of opening and their
location

Natural ventilation helps in

reducing mechanical cooling Sashes Louvres Canopies
load of the building

Source: NZEB



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

NATURAL VENTILATION

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



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

VEGETATION
A i 'l ,-"_"’ fﬁ.-f;"""/-.& plantation for funneling
' /’, wind to the building

evergreen tress spaced at a An | ncrease | n
;’;ﬁﬁ;j;‘;,’; shading east urban vegetation to reduce
y urban heat and improve
outdoor thermal comfort.

|
W\
W

L VAT

~

Vg

trees should be at a distance™
from the north facing side to

o , deciduous trees . .
. ; I’é thatcanprovide  Traeg also reduce ambient air
allow daylight

P Sk solar access during

£ 1} winteralongwith  temperature due to evapo

i
deep verandahs on

o4 . .
L, south side for tranSpll’atlon .
=

evergreen, closely spaced Ny
trees and shrubs for shading ‘w#_ }

west facing walls S . ¥
u ! i - W
“

2
z

Sudy shows that ambient air under a
tree adjacent to the wall is about@ |
2.5°C lower than that for unshaded areas. &

? -5 Ay 5
| . ™ T, . (‘ .

Source: NZEB Community,Gary HortonL.andscape

) LN
L S :

Development




AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

VEGETATION

Trees and shrubs create different

air flow patterns, provide shading

and keep the surroundingscooler
In warmweather

Vegetationcan be usedfor energy
conservation in buildings in the
followingways

V

V
V

Shadingof buildingsand open
spaceshroughlandscaping
Roofgardengor greenroofs)
Shading of vertical and
horizontal surfaces (green
walls)

Buffer against cold and hot
winds
Changinglirectionof wind

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

WINTER SUMMER
A B4y ///
[ 4 -2/./“ //
,,(F. //
EED }; <4 By | {
J— ” par=m—a
pr YR
D D z'/.’/g ’g = D D .

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






Thermallnsulationand ThermalMass
T

curf-Out surf-Out

surf-ln

surf-In

T

surf-Out

Night time

surf-Out

surf-In T curf-In

A- Thermal insulation through B- Thermal insulation through
thermal conductivity thermal mass



INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTI!
AFFORDABLE HOUSING
Thermalconductivity and ThermalBridge

A thermal bridge Is a part of the assembly (such as metal screws or nails) that allows direc
transfer between indoors and outdoors due to interruptions in insulation.

Aluminium 8,160.0

2,320.0

Steel

Sandstone

- N
r
L

2.0

Concrete

—10
O
C

Wl
Glass | NN ::
£ g 20 2
Adobe 30.3

Hollow concrete block

™
[o's]
o O

™D

Snow

Building Material

Water

Plaster

r
J
™

Cly brick

) I

&)
oo

Aerated concrete

N

f.
C
)

Pine wood

Mineral wool . 1.6

EXP Polystyrene - 1.0
1

10 100 | 1,000

Thermal Conductivity (W/mk)

Thermal conductivities of common building materials Walling assemblies and thermal bridging



INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTI
AFFORDABLE HOUSING

Temperature Profile lllustrations For Various Indoor And Outdoor Conditions

Case 1

Hot and sunny Day
outdoors-Variable

Indoors- Steady state

P
P o pos == R
Heat flow directio = tmm s
P
a b =
—
Case 2

Cold and sunny Day

B
-
-
o
3
.
“
outdoors-Variable . o
-
Indoors- Steady state s
-
B
‘s .
- MNP Eerature .
: ) &
feat flow directio .
&
.
1er 1tIo .

Case 3 n

outdoors-Variable
Indoors- Steady state U

_— Cperature

4 = Leat flow direction

a b
Example:Steady state indoors and variable outdoors on enldny day



INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTI
AFFORDABLE HOUSING

The Temperature Gradients Across Wall Sections Of Six Different Buildings Studied
U-value and surface temperature

+_l-

Temperature gradients across wall sections for an extreme summer day



INNOVATIVEBBUILDINGMATERIALAND NEW METHOD3OF CONSTRUCTIORDR

AFFORDABIHOUSING U-value database of all selected walling assemblies and technolog

Walling Technologies
V The assemblies presented are a mix of commonly used traditional _ _ : 5
systems and emerging technologies in the Indian context. 17| 2 | AACBlockWallwi Periie based Cement 1 230 | o7s

Plaster

V It can be obse_rved from the figure that assemblies with insulation = =f = e e I eveay ey
such as EPS, insulated panels have lowealUes and hence, can : 1

. . . 15 2 i Stabilized Rammed Earth 230 ¢ 209

help in reducing heat gains throughwall. .0 N S S——_—

20 5 : AAC H.Indc Il.|'|.l'.all wm‘l Cement r'.-'lnrtar ar'u:l 33 0.78
Cement Plaster

101 Base case: Bunt Clay Brick Wal 250 241 21| 2 ‘“J"":B'“E“W*""W';Ta';'tr:fm'j”a'a””“me 220 | o2

2 1 Fi‘.attrap bond wall P 250 1 211 Burnt Clay Brick with Lime Mortar and Lime seg | 239
T [TETTTE T T TN TIPSR S Y B Pla Eter E -

3 1 |_|g ht Gauge framed 5tee| structure w|th EPS 136 1.37 ___

----------- o 23 2 | Limestone with Lime Mortar and Lime Plaster | 224 | 2384

4 1 nghtGauge framed steel structure with PPGI | 150 | 212 e e B S S
: Sheet . 34 2 Limestone with CerF:':zls::Er:-'lnnar and Cement 230 | 282

5 |1 Remfnrced EPS core Panel system 150 0.56 Hollow Clay Brick (100 mm thick) with

: f' ] 2 3 Cement Plaster . 130 211
6 | 1 Glas.s F hre remfﬂrr_ed Gypsum Panel L.Inf Iled . 124 . 206 IS S S

._ _ _ _ Haollow Claj" Brick “DD mm lhlEk_‘.l with

GIasg fnbre remfnrced G}rpsum F‘anel wnh 124 512 = 3 Cement Plaster and XPS (25 mm) : :
RCC 8! non- structural flllmg L : !
: : i Hollow Clay Brick (200 mm thick) with . 230 | 128

GIas& flbre remfnrced Gypﬂum Panel w'th 124 213 _ Rockwool and Cement Plaster __

partial RCC filling _

158 | 089

o . i Cement Plaster ; :
Structural stay-in-place formwork system 230 | 044 I L I 1
: {Coﬁnr} Insulated panel . L 39 3 | Hollow Clay Brick (200 mm thick) with | g | 07S
-In I 2 Bamhﬂﬂ CT'ET.E EE 2-?1 ---“----.----- .----_.-.-_---
e 30 3 RCC Wall [IDEI-mm thn:k]l 100 | 359

11 P : Wattle and Daub 45 361 _ - __
o T R S R S 31 3 RCC wall i1l:Il:Imrn thlck] + EP5 {E{.'I i thlck] {150 0.58

22 sebidAdbe 20 211  RCCWall (100mm thick) = Syrofoam (24 mm

5 : thld:] at both sides 154 0 065
13; 2 LatenteEIockWalI 205 0 217 N S —— — .

14 2 Unstabilized Adobe . 230 @ 205 thlck] at both sides 1l 2.62

15 2 CSEB 930 279 'RCC Wall (100mm thick) + PVC panel (smm :
I ST S S RO SR 34 3 |  thick) at both sides + EPS Board (S0 mm | 165 | 052

16| 2 ; Unstabilized CEB 230 @ 274 | thick) at one side




Visible Light Transmittance And Solar Heat Gains

ThermalComfortin Affordable Housing104 clear glasstransmits nearly 90% of visible light, closelyfollowed by Indian
planiluxor clearglasswith 80-90%visiblelight transmissionsvhile blue and greentinted glassegrovide VLTlevelsin the

rangeof 35%to 80%

TL%

P——
70 S — & — \v
60 4 e \
) \ \
40 ]
'
30 + —~ —- T '
380 480 580 680 780
Wavelength in nm
100
UV VISIBLE NEAR INFRARED
80 =
60 g Clear Glass
40
20
0
300 350 400 600 700 800 900 1000 1500 2000

Wavelength in nm

Indian
planilux

s Green tinted

Blue tinted

— 10 Clear

2500

80
70
60

50

30

20

10

10 20 30 40 50

g-value/solar heat gain coefficient (Q)

Top VLT for different types of glasses; Middberformance of different lowe coating combinations in UV, visible light, aRtspectrums. Bottorselectivity,

solar heat gain coefficient and visible light transmission of different loaating combinations



Table 25: Properties of glazing assemblies

Properties of glazing assemblies

External Internal
Product VLT (%) Reflection  Reflection Solar Factor
(%) (%)

Shading

coefficient U-value

0 20 40 60 80 100 120
Cooling Load (kWh/m2)

90
8
80
b
8 70
s
S &0
&
§ 0
g 4
€
& 30
©
=
g 20
&
10
0




INNOVATIVEBBUILDINGMATERIALAND NEW METHOD3OF CONSTRUCTIORDR

AFFORDABIHOUSING
Roofing Coating Materials Reflectance, Emittance, Emissivity

Solar Reflactance: ) : ‘H
’ ' , et - \\‘ ¢
eneciea oy ine roal R bl s e i e fJ,( \

Net emitted th ér"ﬂ al
radiation E x o (T* T

\'
"

|

Reflected sunlight
R xl Incident sunlight

Opaque surface at temperature T

surfaces with incident solar radiation Factors affecting surface temperature of roof and/or roof
coating materials

roofing materials



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 flammability in case of an accident

Material toxicity

Ease of replacement of the material

<KL KL

Material affordability
Material durability
Ease of installation

Characteristic of
insulating materials

Light mineral Wool

W

Insulating Power

Density

Water vapor diffusion

Resistance to water

Compression Strangth

Traction Strength

Absorption of vibrations

+

il Absorption of aerial noise

Cost at given insulation

Embodied Energy

Dense Mineral Wool

W
+

W

+4

+4

Glass foam

-

+&

4

+4

+4

+44

PUR s+ 0 0 s ++ | |+ T
EPS =+ | . |+ + 0 . | + 0 ) e |
XP5 e ] # e & & R (] e &

++ Vary high: + High: O Average: - Low- . Very low

Comparison of commonly used insulation material




MATERIAL CHARACTERISTICS FOR BETTER THERMAL COMFORT

Thus, the lower the Malue, the lower the rate of heat transfer, and the better the insulating prop
of the element
2

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
° Gl fib Gl fib Light G
ass fibre ass fibre ight Gauge Reinforced EPS
reinforced Rattrap bond : reinforced framed steel
Brick wall : core Panel
Gypsum panel wall Gypsum panel - structure with svstem
with RCC & non.. Unfilled EPS y
m U-Value (W/m2K)) 1.715 1.673 1.67 1.559 1.188 0.907

Decrease in U value

Enhance Thermal Comftort
@source :CRDF Document of CEPT
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AFFORDABIE

JUSING

Light House Projects (LHP)

LHPC Agartala
(Light Gauge
Framed Steel
Structurec Infill
Concrete Panel)

View <« A

//
‘ Precast Concrete Panel
|

Outerside with Smooth Surface

_ Precast Concrete Panel
" Innerside with Rough Surface

P

Pre Cast Concrete
Panel

4 Precast Concrete Panel
Innerside with Rough Surface

Light Weight
Concrete
(89mm Thick)
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AFFORDABIHOUSING

LHR Chennai (Precast Concrete Construction System)

3S systemincorporatesprecastdensereinforced cementconcrete hollow core columns,structural RCGhearwalls (as
per designdemand), T/L/Rectangulashapedbeams,stairs, solid precastRCGlabsfor floor/ roof, lintels, parapetsand
chajjas

Salient features

V Precastdense reinforced cement concrete hollow core columns, structural RCCshear walls, T/L/Rectangular

shapedbeams stairs,floor/roof solid
V AACblocksare usedfor partition walls

| Precast RCC shear wall. I

'3-S' precast RCC columm-
core concreted using self-
compacting concreted.

‘3-S' precast RCC beams-top
part concreted using self-
compacting concreted.




LHR Indore (Prefabricated Sandwich Panel System)

V PrefabricatedsandwicHPanelsare lightweightcompositewall, floor, androof sandwichpanels
V Theyare made of thin fiber cement/calciumsilicate board acting as face coveredboardswith the core materialasa

mix of EPQranuleballs,adhesivecement,sand,flyash and other bondingmaterialsin mortar form.
V Thecorematerialis pushedunderpressureinto presetmoldsin a slurry state.

Salient features
V Facilitate quick and costffective construction
V EPS granule balls used as core material make the board lightweight

Pole Holes Solid Heart Rod Holes Block Holes
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AFFORDABIHOUSING

LHR Lucknow (PVC Stan-place formwork)

V Stayin-placeformwork refersto an innovativeformwork systemmade of rigid polyvinylchloride (PVC}hat actsas
durablefinishedformwork for concretewalls

V It hasslideandinterlocktechnologyfor the extrudedcomponentgo createcontinuousformwork.

V Thetwo facesof the wall are connectedby continuousweb membersto form hollow rectangularcomponents

Salientfeatures

V Rigidpolyvinylchloride(PVCpasedformwork systemservesasa permanentstay-in-placedurablefinishedformwork
for concretewalls

V ThePVCextrusionsconsistof the substrate(inner) and modifier (outer). Thetwo layersare co-extrudedduring the
manufacturingorocesdo createa solid profile.




INNOVATIVEBBUILDINGMATERIALAND NEW METHOD3OF CONSTRUCTIORDR
AFFORDABIHOUSING

LHR Rajkot (Monolithic concrete construction with tunnel formwork

V LHPRajkotutilizedtunnel formwork asthe innovativeconstructiontechnologywhich usescustomizedengineering
formwork replacingthe conventionalsteel/plywoodshutteringsystem

V Tunnelformwork is used cellular structures It is basedon two half shellswhich are placedtogether to form a
room or cellandseveralcellsconstitutean apartment

Characteristics of the system

A Maximumspanbetweenwallsshallbe 5.60 m without
accessorynitsand7.00 m with accessorynits.

A Height of the formwork ¢ Typically,the forms are
designedfor a floor to ceiling height of at least 2.51
m.However it canbe increasedby usingthe leg jacks
or movablepanels

A Appearancesof the faces after form removal ¢ The
joints connectingthe units may havefins which should
be sanded off and smoothed with paint filler.
Remainingsurfacesallow direct applicationof finishing
paintor wallpaper

A Working rhythm using the system ¢ Under average
temperature conditions, the normal rhythm is two
daysper cyclewith one day and two nightsfor drying
and setting the concrete, given ordinary cement is
used

A Time period required for execution of the processg
Thetime requiredfor executionvariesaccordingo the
cell plan. For a cell consistingof two formed wall
surfacesand a floor surface,the averagetime is less
than 1-1.5 hours per square meter of building This
time includesthe form removal, oiling, displacement
of the units, formwork, and adjustment




INNOVATIVEBBUILDINGMATERIALAND NEW METHOD3OF CONSTRUCTIORDR

AFFORDABIHOUSING

LHRRanchi (Precast concrete construction3D Volumetric)

3D Volumetric concrete constructioninvolvesconstructionwith solid precastconcrete structural moduleslike room,
toilet, kitchen,bathroom, stairsetc. & anycombinationof these Themodulesare castmonolithicallyeither at a plant or
a castingyardin a controlledcondition.

Salient features

V  About 90 % of the
building work including
finishing is complete in
the plant/ casting yard
resulting in significant
reduction in constructic
and occupancy time

V The required concrete
can be designed using
iIndustrial byproducts
such as Fly Ash, Groul
granulated blast furnac
slag (GGBS), Micro sil
etc. resulting in improv
workability

V Minimal shutter and
scaffolding
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