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



INTRODUCTIONoHUA
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.



INTRODUCTIONSIZ

A GIzis an international cooperationenterprise
for sustainabledevelopmentwhich operates

. . . . Energy
worldwide,on a publicbenefit basis

A Glzis fully owned by the German Federal TN
Government, GIZ implement development
programsin partner country on behalf of the Sustainable GIZ y Emionment
German Government in achieving its =conomic / Change and

. C Development Biodiversity

developmentpolicyobjectives

A Forover 60 years the GlZhasbeenworking
jointly with partnersin India for sustainable
economic,  ecological, and  social e o
development



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)

N

Climate Smart
Buildings
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Map showing states under central cluster cell
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A Madhya Pradesh

A Maharashtra

A Goa

A Telangana

A Chhattisgarh
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NO ZERD GOOD HEALTH QUALITY GENDER CLEAN WATER 7 AFFORDABLE AND 8 DECENT WORK AND INDUSTRY, INNOVATION
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION CLEAN ENERGY ECONOMIC GROWTH AND INFRASTRUCTURE
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REUUCED 11 SUSTAINABLE CITIES 12 RESPONSIBLE CI.IMATE llFE BELOW lIFE 1 PEACE. JUSTICE PARTNERSHIPS
INEOUA[ITIES AND COMMUNITIES CONSUMPTION ACTION WATER ON LAND AND STRONG F[]R THE GOALS
AND PRODUCTION INSTITUTIONS
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Resilience

9.INDUSTRY, INNOVATION AND
INFRASTRUCTURE

_ { Ciimate \ DESIGN

l

Build resilient infrastructure, promote CONSTRUCTIOlN
Inclusive and sustainable industrialization, anc
foster innovation l

Houses for

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

POST
OCCUPANCY
(O & M)
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INFRASTRUCTURE
Build resilient infrastructure, promote A
Inclusive and sustainable industrialization, and ﬁ
foster innovation
Houses for
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13. PROTECT THE PLANET \ *
Take urgent action to combat climate Thermal

change and its impacts Comfort

DESIGN

l

CONSTRUCTIOlN

l

POST
OCCUPANCY
(O & M)




LHP INTRODUCTION
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JAMMU AND
KASHMIR
Government of India

HIMAGIAL c‘;. Ministry of Housing and Urban Affairs

UTTARAKHAND

ARUNACHAI

PRADESH
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NAGALAND
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Chennai
Tami Nadu

KERALA
Map showing six different LHP Locations

| | tslixBiserveasLIVH_aboratoriesfor different aspectsf Transferof technologies



mmm 1. Indore, MadhyaPradesh

wPrefabricated Sandwich Panel System

e 2. Rajkot, Gujarat

wMonolithic Concrete Construction using Tunnel Formwork

== 3. Chennal, TamiNadu

wPrecast Concrete Construction Systefrecast Components Assembled at Site

== 4. Ranchi, Jharkhand

wPrecast Concrete Construction Syste@D Volumetric

ma O, Agartala, Tripura

wLight Gauge Steel Structural System &-étrgineered Steel Structural System

6. Lucknow, UttaPradesh

wPVC Stay In Place Formwork System




Thermal
Comfort

Transfer of
technologies

Learning
and
Replication

Better
Quality and
sustainable

Live
laboratory







DHR Showcasing the field
level application of new and
alternate technologies




DEMONSTRATION HOUSING PROJECTS

DHP Location Technology Used SR (& NI @)
Houses

Bhubaneswar, PREFABRICATED SANDWICH PANEL §YSTEM 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)
(. I I I
Hyderabad, w [ LDI ¢ D! D9 {¢99[ { ¢l&Unitsc | w! [ {6 { Training Hostel
Telangana @ { ¢! | Lb t[ !/ 9 -GCtuataal $tay M Place $tdePFarmwork
: 32 (G+3)
System 16 Units
Bihar Shariff STAY IN PLACE FORMWORK SXSTEM Sports Hostel & other social
Bihar Structural Stay In Place Steel Formwork System welfare activities
36 (G+2)
Nellore STAY IN PLACE FORMWORK SXSTEM Social welfare activities
Andhra Pradesl Glass Fibre Reinforced Gypsum Panel (GFRG) 36(G+1)
Panchkula Light Gauge Steel Framework System (LGSF) with Cement Fibre board on tWorking women hostel (on
Haryana side of walls and infill of rock wool rental basis)
40(G+3)
Agartala Structural Stay In Place Steel Formwork System Shelter for Destitute Womer
West Tripura 40(G+1)
Ahmedabad PRECAST CONCRETE CONSTRUCTION Biwsgjrétbtl Hybrid Solutiocone  PMAY (U) Beneficiaries
Gujarat 40(G+3)
Chimbel Light Gauge Steel Framed Structure with Precast Concrete Panels on both ¢ 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?
or

environment
Urban Migrants/
Poor
Effective Sustained
Utilisation of Workforce &
) ) Vacant Land Increased
The ARHC scheme will be implemented through two models: by Productivity
e . .o Private/ Public
1. Utilizing existing Government funded vacant houses to convert Entities
into ARHCs through Public Private Partnership or by Public
Outcomes

Agencies
2. Construction, Operation and Maintenance of ARHCs by Public/

Promoting New Economically

; .. ) ) Investment Productive
Private Entities on their own available vacant land opportunity & Use of Govt.
Entrepreneurship Funded Vacant

Houses

Strengthening
of Municipal
Finances

I UdlL i | t |
di] | : .
ut g'f‘ I‘:nl::tndlgarh Gujarat
2,467 vacant houses conv~rted into ARHCs
51"78 SSPUSIN T pi (Ahmedabad-1,37, Rajkot-b98 & Surat-393 )
1 LO led vaca DUSE pnvertec ' -
AR ' D& ara 00 RajaSthan
480 vacant houses converted
. . . into ARHCS in Chittorgarh
U0 U U U 0 d U 0 A UITOCE 2 < dles U dl d &
Prad ] d Prad d and R .
UT of J&K
4 o0y = T . Hu 336 vacant houses converted into
A OLY 72 ad (V4L = =

ARHCs in Jammu



MODEL 1

City wise
fixation of
affordable
rent

Approval/
Selection of
Concessionaire

Site handover
to
Concessionaire

Proposal

Submission

Technical/
Financial
evaluation

Inventory of

SLAC/SLSMC
approval

Commencement
of Work

Issuance

vacant of RFP
houses

MODEL 2

Application ; DPR Statutory
Submission [ Submission [ Approvals

Issuance g Technical & SLSMC/CSMC & Commencement
of Eol 2 M Evaluation % | approval & of Work









WHY AFFORDABLE HOUSING NEEDS A PUSH

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

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



THERMAL COMFORT

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

l‘.? f
I C

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

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




FACTORS AFFECTING THERMAL COMFORT

COMFORT

Personalfactor
V Clothinginsulation
V Metabolic Ratgdmet)

Environmentalfactor

V Humidity

V Air Speed

V Air Temperature

V RadiantTemperature



FACTORS AFFECTING THERMAL COMNDRDR ENVIRONMENT

37 deg C

'‘Evaporatio
Convection
Radjation
Conduction

Heat lost
by body

Heat produced
in body

Qevaporation

& 3 JJ.I"_' "
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Thermal comfort refers to the
perceived feeling on the human body
as the result of the effect of heat and
cold sources in the environment.

Heat exchange between the human
body and its environment via

A Radiation

A Convection

A Evaporation



THERMAL COMFORT INDICES

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

. Comfort Zone

" Heating Zone
Cooling Humidifying Zone
" Cooling Dehumidifying Zone

« = 1m/s Comfort Zone
[C] Outdoor Data

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
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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 convectionas 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
1.4 » , & ol 276

1.1 met

iocal control of ar spead

N

iocal control not requred

wozzzz sl alr comfort 3 : 197

s

AIR SPEED (m/s)

AIR SPEED (fpm)

o

-
N

8 19 20 21 22 23 24 25 26 27 28 29 30 31 32
OPERATIVE TEMPERATURE (°C)

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




THERMAL COMFORT INDICES

Mean Radiant Temperature

Imaginary room H
1

;

R tr RJ

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 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

+2  Warm

+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)

o A
[ B
S
COLD CooL SLIGHTLY COOL NMEUTRAL SLIGHTLY WARM WARM HOT

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



NEED FOR THERMAL COMFORT AND HOW IT IMRAGALWS IVE AND QUANTITATIVE

HW Trends: 1961 - 2015

Toa
3 e
i1 S
3l g
R Al S
AL L R LT
N S U gk

mh 'f%“ﬂ A | Signicanty incres3ing
L .

T f  Increasing
e . P
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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

SourceBiannialupdate 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



MEASURES TO IMPROVE THERMAL COMKOBESIGN

PassiveDesign
Desigrthat leverages climatologicalhgsponsivadesignto encouragenatural

heating/coolingyventilation,andlighting.

Active Design
Desigrthat relieslargelyon mechanical electricalsourcesof heating/ cooling,

=

77 Summer Sun Path

ventilation,andlighting.

Passivalesignneedsactive users.

Active designneedspassiveusers.




MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing

Building Ventilation Types

v

;

y

Naturally Ventilated (NV)

Mixed Mode (MM)

Air Conditioned (AC)

v

A-ORM & ORIENTATION OF BUILDING BLOCKS

AENESTRATION

ASHADING OF OPENING /WINDOWS

DOAYLIGHTING

ANATURAL VENTILATION

A/EGETATION




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 == =

* Sun path atalow angle , south to E-W axis ;L i-ﬁ J WINTER Ly * Easy shading of south facade from

ys) 9 high angle sun
* Solar radation will penetrate south facing ly Ay
facades at a low angle during winter

E

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 L [

LU

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.

—

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

to allow ventilation

—_— =

-
I'IEgEtI"n’-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 movement

. - /__, /
/ 3 2/ : 2
«/é/ 3 Q‘/& 3, 2 2/ 2//

Salid shape type Surface area(§  Welume (V) Ratlo(S/V)

2 06 64 15
b 1032 o4 1.61
¢ 136 04 213




FORM OF BUILDING BLOCKS

. Maximise mutual shading through built forms

=

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

<'<,

increase compactness by reducing
surface area for the same volume

. Minimise P/A ratio in extreme climates

@< << b ¢ D= ¢ I




MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing

ORIENTATION OF BUILDING BLOCKS
| SO

A Maximumdaylight
A Properventilation

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

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing

l

/

111

//
y

7 4

/ 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.



Fenestration

Afenestrationsystemwith low U-valueand
low effective SHG@&an result in reduction
of heating and cooling demand by 6-11%
In moderateclimateand between8-16%in
Heat transmitted hot humid, hot dry, and composite

directly inside

Solar radiation A
incident on the glazing O i

w

o0

oc

o e

Heat reflected A, 1 Solar Heat Gain Coefficient (SHGC)
m Measure of soalr heat transmitted through the window
9% < Lower values mean less solar heat gain
SHGC should be lower for warm climates and higher for cold climates
< ) e & B
- 2 Visual Light Transmission (VLT)
) ) R Y . - Visible light that passes through the glazing
Re-radiated outside Re-radiated inside A ¢ Higher VLT denotes higher daylight penetration
' ® OUTSIDE Visible Light :I : | INSIDE
Heat transmission in a single glazing clear glass ® Uvalue
B ~ Denotes conduction heat gain through glazing unit (frame + glazing)
e Lower U value means less heat is conducted
E =
4 Light to Solar Gain Ratio (LSG)
Ratio of VLT to SHGC
" Getea ooty o Higher values better for daylight harvesting
oo NoEE Fenestration type




SHADING OF OPENING /WINDOWS

L vsA
J




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
SHADING OF OPENING /WINDOWS Cases Cases

Vertical Shading Horizontal Shading Horizontal & Vertical Shading
- ,.,.::1'1'-1."]

H
VA ‘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°)
ok H-SD-60 (inclined at 60°) V-SD-60 (inclined at 60°)

. Shadow Angle

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

A Comfortabldiving

Use of shading device at Palace of Assembly, Chandigarh

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing

DAYL'GHT' NG Q_\f_ercasislf}'.‘

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 . I8
to allow maximum air flow 2¢
insidethe space g ¥ ' ’
-

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
load of the building

Louvres

Canopies

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing

NATURAL VENTILATION
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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 An

i/ Y /  plantation for funneling evergreen tress spaced at a
“J

g / , wind to the building

Increase In
urban vegetation to reduce
urban heat and improve
outdoor thermal comfort.

distance for shading east
facing walls

-~
L

trees should be at a dlstanee\
from the north facing side to
allow daylight

e 4,, 3 > deciduous trees

;9. ~ thatanprovide  Treeg glso reduce ambient air

solar access during

. winteralongwith  temperature due toevapo
" deep verandahs on
transpiration.

Qe for

evergreen, closely spaced
trees and shrubs for shading
west facing walls

\
&\&M
, \

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

| 5.
ok
| :r

Source: NZEB Communlty,Gary HortonLandscape Development



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

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

AShadingof buildingsand openspaceshrough
landscaping

ARoofgardengor 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 SUMMER ~
= S
,/,:’:2/ r /// g \ /
00 [ 2% 00
—'%;L'. '"' _
D D Af,:"//ﬁ -'; e || |:| &

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



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

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.




EFFECT OF MATERIALS ON THERMAL COMFORT

————————————————————————————————————————
d ~
/

v

i Indoor Space

WW

N
~ o’
N i e o

........................................
g S

Indoor Space

WIW

o —

~o -,
........................................

A\l A Ve AV

Reflective Tiles with
above deck insulation of
low thickness

Above Deck
Insulation

For Roof

A Reflective paints
A Roof garden

A Insulation Above Deck
A Reflective tilesChina Mosaid™/2t°"

Thermal transmittance Wralue

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.

External Externally
Insulation Insulated
with AAC Block Wall

For External Wall
A Increase wall thickness
A Insulations over walls
A Cavity



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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EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT

ASHRAS5

E CB E CBE Thermal Comfort Tool

ASHRAE-55 EN-16798 Compare Ranges Upload Fans & Heat PHS

R THE BLILT ENVIROMMEMNT

Inputs

Select method: PMV method

Operative temperature

25 e
Air speed
0.1 : m/s Mo local control

Relative humidity
50 .| % Relative humidity
Metabolic rate
1 . met Seated, quiet: 1.0
Clothing level

0.61 _ do Trousers, long-sleeve shi

Create custom ensemble
Dynamic predictive clothing
Solar gain on occupants
Set pressure  SI/IP
Local discomfort  Globe temp
Reload  Share

Feset  Sawve

Documentation

i

Help Other CBE tools

/ Complies with ASHRAE Standard 55-2020

PMV = -0.16 PPD =6 %
Sensation = Neutral SET = 248 °C
Psychrometric (operative temperature) hd
tan 131 °C /,» / / 30
th 89.4 % YAy a4
W. 84 gukg e ;S S
tws 121 °C / S / 2
tan 1.3 °C YAy,
P - ~
h 344 kikg P y - x —
Y - & 4 /;"’ -g
P -
/.-’ - _,."'f .-.___,.-' ) - ) .
f,—’/ - x - - EE
.'K.-_,f" ) _'__.-"'"- "___.-"".- .-‘__.-"'ﬂ -E
e "-.-‘-___ ,--"'.--. . - 1[] T
- - — :
- _— _ 3
. 0

10 12 14 16 18 20 22 24 26 28 30 32 34 36
Operative Temperature [*C]

NOTE: In this psychrometric chart the abscissa is the operative temperature and for each point dry-bulb
temperature equals mean radiant temperature (DBT = MRT). The comfort zone represents the combination
of conditions with the same DET and MRT for which the PMV is between -0.5 and +0.5, according to the
standard.

Limits of Applicability: This standard is only applicable to healthy individuals. This standard does not apply
to occupants: a) whose clothing insulation exceed 1.5 clo; b) whose clothing is highly impermeable; or c) who
are sleeping, reclining im contact with bedding. or able to adjust blankets or bedding.

The CBE comfort tools automatically calculates the relative air speed and the dynamic clothing insulation .



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT

National Building Code of India (NBC 2016)
National Building Code (NBC) of India is a standard which unifies the building regulations all c
country.

Maturally ventilated building T =0.54T _ +12.83

90% acceptability range: +2.38 *C
Mixed mode building T =028T  +17.87

90% acceptability range: +3.48 *C
Air-conditioned building Air temperature-based approach:

T =0.078T_ +23.25
90% acceptability range: +1.5 °C

Standard Effective Temperature based approach:
SET_=0.014T  424.53
90% acceptability range: +1.0 °C

Tin: Indoor operative temperature (in °C) is neutral temperature

Trm: 30-days running mean outdoor temperature

SETin: Standard effective temperature (in °C) is neutral temperature
Adaptive Thermal Comfort Equation for determining acceptable indoor conditions as per NBC 2016

According to the IMAC modeleutral temperature in naturally ventilated buildings
varies from 19.6 to 28.8C for 3Gday outdoor running mean air temperatures
ranging from 12.5 to 3XC



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT
EcoNiwas Samhita(Energy Conservation Building Code for Residential Buildings)

EcoNiwas 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 MaximumU-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
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ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

CODE PROVISIONS

A Openable Windowto-Floor Area Ratio
(WFRop - it indicates the potential of using
external air for ventilation.

A Ensuring minimunWFRophelps in
ventilation, improvement in thermal comfort,
and reduction in cooling energy

A It is the ratio of openable area to the carpet
area of dwelling units.

WF%P = Aopenable / Acarpet

~ 80%

3.1.3 The openable window-to-floor area ratio {WFHDP} shall not be less than the values™
given in Table 1.

TABLE1 Minimum requirement of window-to-floor area ratio (WFR_ )

Climatic zone Minimum WFR__ (%)
Composite 12.50
Hot-Diry 10.00
Warm-Humid 16.66
Temperate 12.50
Cold B.33

S0URCE Adapted from Bureau of Indian Standards (BIS). 2016. Mational Building Code of India 2016.
Mew Delhi: BIS.



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

LHP INDORE

: Opening Effective
Opening Area, SlpEnelal@ AEe No | Openable area
Name m2

m2 m2

W1 2.40 1.20 1.00 | 1.20
W2 1.20 0.60 1.00 | 0.60
W3 0.90 0.81 1.00 | 0.81
V1 0.27 0.24 1.00 | 0.24
GD 1.58 1.42 2.00 | 2.84
openable area for 1 flat 5.69
openable area for 128 flat 728 06
AJnitcarpet area 128 29.92| 3829.76
WFR Aopenable/ Acarpet 19.01

For Composite minimum 12.5%

13775
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ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

Visible Light Transmittance (VLT) \N\/\/b

VLT of noropaque building - 4

envelope indicates the potential oF :
using daylight. Ensuring minimum
VLT helps in improving day lighting,
thereby reducing the energy
required for artificial lighting

W\x*

WWR = A(Non-Opaque)/ A(envelope)

%70‘6“ |

TABLE2 Minimum visible light transmittance (VLT) requirement™

Window-to-wall ratio (WWR)® Minimum VLT ¥
| 0-030 0.27
0.31-0.40 0.20
041-0.50 016
0.51-0.60 013
0.61-0.70 011

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



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

LHP INDORE 1 RAING Y =
- Wi |
!—. L-\. ] -J-ﬁ FL--\. Tt
Calculation of Window to Wall Ratio : :
Non- Total Total ; Mmm D3A
: Opening oPaque| N of Total NEIT || CIRETEU zmux m - -
Orientation| ©OPEMNY Area (ClEEs), openin| Opening| °2P294® (PVC, 5 A
Name ’ Area in (Glass) Frame) D3A [N
m2 Opening| 9° Are, m2 Area, | Area, £ . E""’“’% BED ROOM =
m2 m2 m2 ' . S |
North W2 12 077 | 16 | 192 | 12.29] 6.91 ho 3120X 2990
South W2 1.2 077 | 16 19.2 | 12.29] 6.01 :
East W1 2.4 154 | 64 | 153.6 | 98.30] 55.30 5 KITCHEN
East W3 0.9 058 | 64 57.6 | 36.86] 20.74 | 2100 X 1810
West W1 2.4 154 | 64 | 153.6 | 98.30] 55.30 [
West W3 0.9 058 | 64 576 | 36.86] 20.74| | || =
East V1 0.27 015 | 16 | 432 | 2.42| 190] & |
West il 0.27 015 | 16 | 432 | 242| 1.90]| | | D2
East GD 1.58 0 128 | 201.6 0 0 Hngeamas| st § S T T T T
West GD 1.58 0 128 | 201.6 0 0 _ -
872.64| 299.79 169.69 !
WWR | 0.11
Window-to-wall ratio :
(WWR) Minimum VLT BTt TN | .:_'-{ . LI“HE HALL
0¢0.30 0.27 ; D3 :5 < 3120X 3080
MINIMUM IS 27% while IN LHP INDORE IT IS 90% | TOILET
210061200 |||
| EEEEEET i | ) _ =
As per Table 2, for WWR of 0.21 (rang6.30), the , w | W —
minimum required VLT is 27%. The glass used i 8 Wi ,
project has a VLT of 90% (as per certified L B R
specification for the product). Thus, this project . psst

complies with this requirement. Also, it complies
with the recommended value.



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

HOW SOLAR REFLECTANCE HELPS MODERATE TEMPERATURES,
RESULTING IN LOWER DEMAND ON COOLING SYSTEMS

Solar Reflectance:
. the fraction of
Thermaltransmittance colar energy
that is reflected
by the roof

(U,op) Characterizesthe Thermal Emittance:

the relative ability of

thermal performance of , S0 the roof surface to
C e The: sun's ‘_-:"' - radiate absorbed heat
the roof of a building racliation ,_O ~r

hits the

Thermal transmittance roof surface
of roof shallcomplywith
the maximumU,; value
of 1.2W/m2 K

Some heat is absorbed
by the roof and
transferred to

the building below

Hustration: Cool Roof Rating Council

3.3.3 The calculation™ shall be carried out, using Equation 3 as shown below.

l i
Uy == [Z(Uf_xAj):| ..(3)

roof L i=l

where,
: thermal transmittance of roof (W/mZ2.K)

Fof

. total area of the roof (m?)

“Troof

[ : thermal transmittance values of different roof constructions (W/m?.K)

i

A . areas of different roof constructions (m?)

i



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings
LHP INDORE NPOR— 1 =

305 A
: ~

wWARL AR AR

| — [ — — S — -

915 ‘

- -

Roof Assembly

Layer ] Thickness Conductivity R value =

no. ateria (m) (W/m-K) m2K/W ource

1 Rsi 0.003 - 0.170 As per ENS guidelines 2018 (roof section), Composite climate
2 Gypsum Board (False Ceiling) 12.500 0.160 0.078 From Manufacturer (Gyproc) Technical Data Sheet

3 Air Gap, 100 mm 0.100 0.500 0.200 As per ENS guidelines 2018, Composite climate

4 Deck Sheet (Gl sheet) 0.001 61.060 0.000 As per ENS guidelines 2018, Composite climate

Density Value from Site team
5 RCC Slab 0.098 1.580 0.062 Others Gpcheat, R & K Valuesps per ENS guidelines 2018
Brick BatCoba o . .

6 (Solid Burnt Black Clay Bricks) 0.090 0.620 0.145 As per ENS guidelines 2018, Composite climate

7 Rse 0.003 - 0.04 As per ENS guidelines 2018 (roof section), Composite climate
8 R Total 0.695

U value of assembly 1.439

This is greater than the maximurdroof value of 1.2 W/m2 .K. Hence it doesn't comply with this requirement.

Roof U value is 1.44, it can be reduced to 0.4 W/m2.k via adding PUF insulation.



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings

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 to the sumof the height of a non-opaquecomponentand 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



ECO NIWAS SAMHITA 20&8ergy Conservation Building Code for Residential Buildings
LHP INDORE

TABLE 11 External Shading Factor for Overhang (ESF

External Shading Factor for Overhang (ESF wethang) for LAT<23.5°N

) for LAT<235°N

Orientation North North-east East South-east South South-west West North-west
P (337.6°-22.5") (22.6"-67.57) (67.6-112.5") (12.6°-157.5)  (157.6-202.5") (202.6'-247.5") (2476-292.5") (292.6'-331.5)
averheng
<010 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .000
0.10-0.19 0931 0.92 0922 0910 0.896 0910 0922 09
0.20-0.20 0888 0.864 0.855 0.834 0.816 0.834 0.854 0.864
I 0.30-039 0.860 0818 0.797 0.771 0.754 0.77 0.796 0.818 I
0.40-0.49 0838 0.782 0.747 0./2 0.708 0720 0.746 0.782
0.50-059 0820 0.755 0.705 068 0675 0681 0.705 0.755
SHGC =SHGC X ESF
eq Unshaded total
Calculation on equivalent SHGC of Non Opague Opening for each Orientation
. . Width [Height of Nos H, V, H, V,
sl Name | of Glass| Glass, of e A H, Vs PF, right, right, P F, left, left, PF, =siF I.ESF’ S ESFsidefif SoF SHGCunshade{SHGE(q
on . Area, mZoverhabdoverhandoverhang right left |overhang right left total
m m  |Windows m m m m
North | W2 0.64 1.2 16 12.29 0 0 0.00 2.2 0.8 275 22 0.8 2.75 1 0.86 0.85 0.71 0.71 0.86 0.61
South | W2 0.64 1.2 16 12.29 0 0 0.00 2.2 0.8 275 22 0.8 2.75 1 0.86 0.86 0.72 0.72 0.86 0.62
East w1l 1.2 1.28 64 98.30 | 0.45 1.6 0.28 0 0 0 0 0 0 0.86 1 1 1 0.86 0.86 0.74
East W3 0.48 1.2 64 36.86 1.1 1.6 0.69 1.1 0.6 183| 1.1 2.1 0.52 0.67 0.88 0.94 0.82 0.55 0.86 0.47
West [ W1 1.2 1.28 64 98.30 | 0.45 1.6 0.28 0 0 0 0 0 0 0.85 1 1 1 0.85 0.86 0.73
West | W3 0 1.2 64 0 1.1 1.6 0.69 1.1 0.6 183| 1.1 2.1 0.52 0.67 0.91 0.91 0.83 0.55 0.86 0.48
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Thermal transmittance of building
envelope (except roof)

A Thermal transmittance characterize
the thermal performance of the
building envelope (except roof).

A U value takes into account the
following:

A Heat conduction through
opaque building envelope

components

(wall, opaque panels in door, window,
ventilators, etc.)

A Heat conduction throughon-
opaque building envelope —
onvection
Components Absorbed by ( ;

Gonvection
Outdoor air temperature

Surface temperature

W i!” .\6\.'\

) ol

(transparent/translucent panels in windows, iy g a‘@b O\ ol

doors, ventilators, etc.). T— /@\f‘ Convection
Longwave radiation —_— Longwave radiation M

Surface temperature -

Conduction

Radiation
'?917 Indoor air temperature | % 4

Convection

/ /
Inside Qutside Inside QOutside
(a) (b)
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LHP INDORE

External Wall Assembly, 120 mm

Density SﬁeCTC Thicknesd Conductivity R value Source
Layer no Material ea
(kg/m3) (kJ/kg.K (m) (W/m-K) m2K/W
1 Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate
2 sandwich panel | g4 - 0.120 0.220 0.560
120mm
Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate
R Total 0.730
U value of assembly 1.370

Internal Wall Assembly, 90 mm

. Specific . d .
Layer no Material Density Heat Thicknesd Conductivity R value Source

(kg/m3) (kJ/kg.K) (m) (W/m-K) m2K/W

1 Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate
sandwich panel Test Certificate Rising Japan Infra Mumbai
2 P 780.000 - 0.090 0.220 0.420 Rising HONGFA ( R90 value provided by
90mm
Manufacturer)

3 Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate
4 R Total 0.590

U value of assembly 1.695

= Internal Wall Assembly, 60 mm

Density SﬁeCTC Thicknesd Conductivity R value Source
Layer no Material ea
(kg/m3) (kJ/kg.K (m) (W/m-K) m2K/W
Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate
1
sandwich panel | - g4 - 0.060 0.220 0.280
60mm
2
3 Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate
4 R Total 0.450
U value of assembly 2.222
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Residential Envelope Transmittance Value

RETV characterizes the thermal performance of the building envéégept roof).Limiting the
RETV value helps in reducing heat gains from the building envelope, thereby improving the
thermal comfort and reducing the electricity required for cooling.

Its unit is W/m2 .

{6.06 X Zn: (Aapaquej XU e, X O, )} Term-1
i=1
RETV = : x| +91.85x% i ( Aron-opaaie. X Unon-opaque, X @, )} Term-11
envelope L i=1
44 68.99 x i (Am_opami xSHGC,, x o, )} Term-II1
L i=1 |

TABLE3 Coefficients (a, b, and ¢) for RETV formula

Climate zone a b C
| Composite 6.06 1.85 68.99
Hot-Dry 6.06 1.85 68.99
Warm-Humid 5.15 1.31 65.21
Temperate 3.38 0.37 63.69

Cold Not applicable (Refer Section 3.5)
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LHP INDORE
Orientation TERMI TERMII
Orientation Description Area, m2| U Value, W/m2.k Factor, w a*b*c a*b*c
NORTH Nonopaque (glass) area 12.29 5.35 0.66 0.00 43.32
NORTH Opaque area 1 (Sandwich Panel 297.56 1.37 0.66 268.62
NORTH Opaque area 2 (PVC FRAME) 6.91 4.80 0.66 21.86
NORTH Opaque area 3 ( Wooden doors) 0.00 0.17 0.66 0.00
SOUTH Nonopaque (glass) area 12.29 5.35 0.97 0.00 63.51
SOUTH Opaque area 1 (Sandwich Panel 297.56 1.37 0.97 393.76
SOUTH Opaque area 2 (PVC FRAME) 6.91 4.80 0.97 32.05
SOUTH Opaque area 3 ( Wooden doors) 0.00 0.17 0.97 0.00
EAST Non-opaque (glass) area 137.59 5.35 1.16 0.00 850.19
EAST Opaque area 1 (Sandwich Panel) 676.99 1.37 1.16 1071.13
EAST Opaque area 2 (PVC FRAME) 77.93 4.80 1.16 432.06
EAST Opaque area 3 ( Wooden doors) 201.60 0.17 1.16 40.52
WEST Non-opaque (glass) area 137.59 5.35 1.16 0.00 850.92
WEST Opaque area 1 (Sandwich Panel) 676.99 1.37 1.16 1072.05
WEST Opaque area 2 (PVC FRAME) 77.93 4.80 1.16 432.43
WEST Opaque area 3 ( Wooden doors) 201.60 0.17 1.16 40.55
3805.03 1807.94
Orientation Name Total Opening | oo iation Factor, |~ TERMI
Are, m2 a*b*c
North W2 19.2 0.66 7.71
South W2 19.2 0.97 11.45
East W1 153.6 1.16 130.45
East W3 57.6 1.16 31.40
West W1 153.6 1.16 130.41
West W3 57.6 1.16 31.69
3169 RET\ 17.75

RETWs >15 W/m2 where clear glass SHGC is 0.86. RETV can be achieyed <15
with Clear Glass of SHGC of 0.55.



ENS CODE COMPLIANCE

Table 1: Minimum ENS Score Requirement The purpose of Eco Niwas Samh
2021
22 e s
Low rise buildings i A Residential buildings built on a
Affordable Housing 70 L 20 | NBI 2F
High rise buildings 100 A Residential part of Mixed land

use building projects, built on &
L 20 F NBIF 2F x

lable 2: Component wise Distribution of ENS Score

X Minimum  Additional Maximum
Section Components . X .
points Points Points
6.4 Building Envelope
Building Envelope 47 40 87 ( )
e w
6.5 Building Services
Common area and exterior 3 6 0 COMPLIANCE
lighting APPROACH
' .
Elevators 13 9 22 Q | y
Pumps § 8 14 [ |
. . , _ ( A ( A
Electrical Systems 1 5 6 r 2 r 2
6.6 Indoor Electrical End-Use POINT BASED
Indoor Lighting 12 12 PRESCRIPTIVE APPRAOCH
Comfort Systems 50 50 - -
- . J . J

BEINS Score

Compliance Approaches

Renewable Energy Systems Minimum Additional Maximum
Components Points Points Points
Solar Hot Water Systems 10 10

Solar Photo Voltaic 10 10

Additional ENS Score



ENS CODE COMPLIANCE

LHP INDOREOomMponent wise Distribution of ENS Score
ENS Score 80 210 100

Components Minimum Points Maximum Points -l et
(Proposed)
Building Envelope 47 87 51
Building Services
Common area & exterior lighting 3 9 6
Elevators 13 22 17
Pumps 6 14 6
Electrical Systems 1 6 0)
Indoor Electrical EndUse
Indoor Lighting - 12 9
Comfort Systems - 50 6
Renewable 10 10 5
CommonArea and exterior Lighting
A Light installation will be done in a way where W/m2 will meet the criteria
A FixtureLm/W, Lumens will se selected in a way whereW will be more than 95
Elevators
A Proposal from Elevator OEM meeting all the requirement / criteria. It is proposed to go for same proposal / B!
line items

A Choose VVVF technology based elevator. (part of proposal). This will help in achieving extra points

Pumps

Expected that PMC team will go for BEE 4 star rated pumps as-Fgdronatic is expensive technology. Project can
achieve 06 points

Renewable Energy Systems

As per drawings provided, Installation of 79 Panels need approx. 132 sgm area which is approx. to 24% of towe
area occupied by Panels. Hence project can achieve 5 points.
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