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Climate Smart Buildings (CSB)

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

GLOBAL L
HOUSING ,, ‘-F-
TECHNOLOGY .. L \
CHALLENGE MDA Ministry of Housing and Urban Affairs
Government of India

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

THERMAL COMFORT IN AFFORDABLE HOUSING

Training D at Bhopal & 22" July 2022



INTRODUCTIONMOHUA

W1 2 dZard y 3 2D22
Under the Mission, Ministry of Housingand Urban Affairs (MoHUA), provides Central

Assistancdo implementingagenciesthrough Statesand Union Territoriesfor providing
housesto all eligiblefamilies/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
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| Map highlighting

,J/) __/,;7"; RL\\ the States, under
The Climate Smart Buildings (CSB) / \""1' | "~/ Central Cluster /f\/\y__
program is aligned with the commitments made by {\J JH\ \ ~\ _Q( \ //;/4/
the Indian Government to meet its objectives b_ . B /?— /x ] l (\\,\_ :l\ i;:._...
submittedunder SDGL1. = \""\r_/y’] o I\/IP ; L—,_l < Oy\\j
Indo-GermanEnergyprogrammed L D9 b Qéq\/*? \ﬂ\ b T EIINE. /’“ /f,.z_-..\,\.,,-\l;./J
Programme) Climate Smart Buildings(CSB proposes p- — 5 C\GJ /J
to extendtechnicalassistanceand cooperationfor the S MH // - ‘v\/ /
followings k / A | %_ _,-=-.'§/
A Developingaction plan for Thermal Comfort to GO&{_ ' .
build Climate Resilient Buildings for mass scale 0 \\ §
application o0 0 ,\' Y | Q
A Implementation of Global Housing Technology \\//J O°8°
Challengdndia(GHT@ndia) ~"HEAD OFFICE of CENTRAL CLUSTER
Indore, Madhya Pradesh NS

known as O06Centr al Cl u:
(alias CSB Cell)
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Climate
Resilience
9.INDUSTRY, INNOVATION AND
INFRASTRUCTURE
Build resilient infrastructure, promote A
Inclusive and sustainable industrialization, and ﬁ
foster innovation
Houses for
IES EWS
13. PROTECT THE PLANET \ *
Take urgent action to combat climate Thermal

change and its impacts Comfort

DESIGN

l

CONSTRUCTIOlN

l

POST
OCCUPANCY
(O & M)




CSB CEEMWORK PACKAGES

Integration
in
e laws

/

A

0-3MONTHS 3-6 MONTHS 6-18 MONTHS

Work Package 1: Work Package 2: Work Package 3: Work Package 4
Facilitate Technical assistanceto Inclusion of climate Capacity development
implementation  and enhance thermal resilience and thermal of Govt officials and

monitoring of Light comfort in upcoming comfort requirements private stakeholderson
HouseProjects(LHPs)  Demonstration Housing in building byelawsand thermal comfort in the

Projects (DHPs) and Local Government CentralCluster
ARHCs (Affordable framework in Central
rental housing Cluster

complexes) and other
Public/Private housing
projects in the Central
Cluster






LHP INTRODUCTION

6 LHP ACROSS INDIA

JAMMU AND
KASHMIR
Government of India

HIMAGHAL d; Ministry of Housing and Urban Affairs
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Map showing six different LHP Locations

LHPshallserveasLIVH_aboratoriesfor different aspectf Transferof technologies






Thermal
Comfort

Transfer of
technologies

Learning
and
Replication

Better
Quality and
sustainable

Live
laboratory




LHP INDORE

18.0 M. WIDE ROAD

IMPETUS
IT Park
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| 45 Mts Master plan Rqad

i,

AREAUNDER ROADWIDENING _ =~

Description Unit Length Width Ares

Living Room Sgmt 312 o8 94

Bed Room Sgmt 312 299 9.33

Kitchen Sgmt 21 1.81 3,80

Tollet Sqmt 21 1.2 2,52 3

Balcony Sgnt 207 106 219 :

Circulation Sqmt 219 09 197 é

Area E

Thresold Area Sqmt 0.50 5

Total Carpet Sqmt 29.92 e
Area

\

<<e

70 By p, —_———
M M. WIDE PROPOSED ROAD g

AREA UNDER ROAD WIDENING 8

LAYOUT PLAN
{SCALE. ¥ 5000)




Project Details
Land Area; 41920 sgm
Net Plot Area; 34276
sgm
b2Qa 2F 5@S
1024
b2Qa 2d8¢2g
b2 Qa ZBFO8t 2
b2zQa 2% &I1R28
Community Halt 169.5
sgm

Key Highlights
Technology Pre-
Fabricated Sandwich
Panel & PEB Structure
Project Start Date 01-
01-2021
Project Expected End
Datec 31-03-2022
Amenitiesg
Rain Water Harvesting
Rooftop Solar Power
System
Fire Equipment (s)
Elevator / Lift
Emergency Power Back
up
Sewage Treatment Plant
Central Waste Collection
Plant




Structural System¢ PreEngineerindduilding
Slalr DeckSheetSlab

PEB STRUCTUR DECK SHEET SL

i
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PREFABRICATED SANDWICH PANEL WALLI




PEB ERRECTION
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PEB ERRECTION Explained Via Video




LHP INDORE -TECHNOLOGY

PEB STRUCTURE

A With Pre-engineeredsteel building systemsmulti-storiescannow be scriptedin the shortest
G a-&elidime

A Speedn Construction

Lifting

| i“ :
%
!
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Assembled Structure

Bolting




LHP INDORE -TECHNOLOGY

DECK SLAB

Deck sheet laying

Services & reinforcement laying

Concreting




LHP INDORE -TECHNOLOGY

Technology information being explained via Video



Digital control center

Stock dynamic monitoring

Cement Sand EPS Additive |Lightweight| \Water
B aggregate \
P —
A— e
Raw matenal feeding
sequence control : H & T

—
E-metering accurate feeding calculation

Pouring into mould
car/vibratory compaction
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Mixing agitation Form removal Maintenance

i

Transport to the ordered location Loading Packing




Calcium silicate board

Calcium Silicate Board

Tongue & Groove Joint

Mixture of Expanded Polystyrene (EPS),
cement, sand and additives



No. Name Picture Function Picture
Special cement adhesive for
1 a%?mrgseicte EPS cement sandwich panel
connection
. Support, ensure the panel be
2 Triangle wood sticked firmly
Reinforce the connection of
3 Steel bar the EPS cement sandwich
panels
;@6 LR )
g E Filling the gaps between panel
4 Flloam z :; and structure, door, window.
s s

Decoration remark: if you choose painting for the decoration, you need to put fiber mesh

cloth on the wall or fiber mesh tape at the joint before painting,
wallpaper, wall tile or other covered materials, no need for the following materials, can put

the wallpaper, wall tile on the wall directly.

if you decorate the wall by

Fiber mesh .
S oloth For whole wall anti-crack
6 Fiber mesh Between panels connection for
tape anti-crack
: Stick (cover) the fiber mesh
7 Ar:::;(:_;':rc K cloth/fiber mesh tape on the

panel




EPS PANEL PERFORMANCE APPRAISAL CERTIFICATE

...

PACS

Rising EPS
(Beads)
Cement
Panels

User should check the
validity of the Certificate
by contacting Mcmber
Secretary, BMBA at
BMTPC or the Holder of
this Certificate.

Name and Address of Certificate Holder: | Performance Appraisal
M /s Rising Japan Infra Pvt. Certificate No.

Ltd., PAC No.:1032-S/2017
1-203,Som Vihar, R K Puram
New Delhi -- 110022

Tel: 08826195032

Issue No. 01

Date of Issuc: 04.07.2017

E-mail:rpgarijapaninfra.com
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MADHAV INSTITUTE OF TECHNOLOGY & SCIENCE

(A Grant-in-aid Autonomous Institute under R.G.P.V. shopal, (MP)
Race Course Road, Gwalior (M.P.) 474 005
Phone: +91-751-2409300 Fax: +91-751-2664684 Email: infomitsgwi@gmail.com website: www.mitsgwl.ac.in

Rof: CIvI/AT/Material Testing / 88¢ °"' oo ]I F#

To

The Director

Rising Japan Infra Private Limited
1-203, Som Vihar, R K Puram
New Delhi-110022

Subject: Testing of Rising EPS Cement Sandwich Panels of 90mm Thickness samples
Ref: Your letter No. NIL dated 28.02.2017

Dear Sir,

Please find herewith a consolidated test report of 90mm thickness Rising EPS Cement sandwich
panels samples sent by you vide above mentioned reference and subject: This table of results is a
summary of the detalled individual tests conducted on the panel samples as per listed tests.
Report of the results of the Tests
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SINo.| Testconducted :;,"""u"‘ Lab Results Remarks
1. | Density & Flammablity of EPS | ASTM 7308-07 m) Qualified
2. Axial compression E:‘g(z)goz o 4.27 MPa Qualified
3. m““”’ 1o coninuous ASTM F 1939 80°c Qualified
4. Flexural Strength ASTM 293 1.53 MPa Qualified
5. Acoustic Performance IS 9901-1981 40 dB Qualified
6. Thermal conductivity IS 3346 1980 0.22 W/ mk Qualified
1 Themmal Resistance IS 3346 1980 0.42 mk/W Qualified
8. | Water penetration EN1609 petene. o Pass
9. Fire raling of the panels BS 478 part 20/ 22 | Grade ~1/ 3 Hrs. Pass
10 Resistance to structural BS5234: Part2: No collapse or P

" | damage from a large light body | 1992, Annex E dislocation -
11. Anti-bending damage load BS 5234: Part 2 3 Times of Its weight | Qualified
12. Non-combustibility GB8624-1994 A Level Qualified

No droplets observed
13, W, behind panels after 24
ater lightness ASTM C1185 Hrs.at 250mm Water Qualified
head

14. | Drying Shrinkage value IS 2185 Part 1-0C_| 0.083 % Pass
15. | Single point hanging strength | BS 5234 Part2 | 1300 N Pass

hmipC

Building Materials & Technology Prometion Council
Ministry of Housing & Urban Poverty Alleviation
Government of India

Core 5A, First Floor, India Habitat Centre,

Lodhi Read, New Delhi — 110 003

Tel: +91.1 1.2463 8096, 2463 8097; Fax: +91.11.2464 2849

E-mail: bupogdad veplpetin Web Site: hitpy/www bmipcorg

Remarks: “Qualified” with regards to relevant tests,
The above tests results are only for the information to the referred agency / client. The institute does
not take any responsibility of these tests results for any other purpose, legal or otherwise.

y . W}:: ’17 f-\
Prof V&hﬂlnﬂ ﬁ\cf \ m?;%ﬁ I+

Forwarded by:

NVPO@LOALAQFT |




EPS Cement Sandwich Panel

Specification 'W*T (mm) | Weight (kg/m2) | Packing (pcs/m2 per 20° GP /40" HQ) Application

2270 / 2440 x 610 x 60 45-48 315pcs*436m2/ 384pcs*572m2 Interior wall/ Roof system

2270 /2440 x 610 x 75 50-53 / 55-E58 252pcs*349m2/ 312pcs*464m2 Interior wall

2270 / 2440 x 610 x 90 55-58 / 69-72 207pcs*287m2/ 251pcs*375m2 Interior/ Exterior wall
2270/ 2440 x 610 x 100 60-65 / 72-75 189pcs*262m2/ 240pcs*357m2 Interior/ Exterior wall
2270 /2440 x 610x 120 65-75 / 90-93 153pcs*212m2/ 192pcs*286m2 Exterior wall

2270 /2440 x 610 x 150 | 80-90/111-114 126pcs*175m2/ 156pcs*232m2 Exterior wall




EPS PANEL INSTALLATION ViaVideo



LHP INDORE OTECHNOLOGY ADVANTAGES

EPS / cement / fly ash / sand / additive

O R N
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fiber cement board / calcium sthicate board

Environmental
Heat Insulation  Protection Fire Proof

Speedn Construction

Sound A Nouseof waterin curing

Insulation

Keep Warm

Core

A Panelsbring resource efficiency, better

thermal insulation, acoustics& energy

Moisture-proof
Water-proof

efficiency

High Strength




LHP INDORE OTECHNOLOGY ADVANTAGES
P

Energy saving by Eco friendly
thermal resistance Recyclable dry construction

Light weight and cost effective
Easy and faster construction
Fireproof

Water proof and damp proof

Nontoxic & environmendfriendly

Energy saving & environmefriendly

Water saving due to dry construction

Smooth and flat surface, thus no plastering needed

© o N o 00 A~ W DR

High sound insulation
10. Cost effective
11. Ground staff optimization

12. Increase in carpet area up to 15% which saves mone

Fire ResistanceTest



LHP INDORE




Introduction: Thermal Comfort for Affordable Housing

Sessionl: Thermal Comfort

a)Need and Impact

b) Thermal comfort in Affordable Housing
c)Passive strategies & Building Physics

d) CaseStudies



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

Thermal comfort is difficult to measure
becauseit is highly subjective It depends
on the air temperature, humidity, radiant
temperature, air velocity, metabolic rates,
andclothinglevels

/
[
|

\

\YCV
ALY,




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




Change in temperature (in° C)

-026-0.28
028-039
039-052
0.52-069
0639-093

A lack of thermal comfort makes us
feel stressed annoyed,distracted, feel
sleepytired andlackingconcentration
In turn, thermal comfort inevitably has
animpacton well-being,productivity

SourceBiannialupdate report India



250 Rural and Urban Household with AC Penetration

2

B Rural Households
without Room AC

" Rural Households
with Room AC

B Urban Households
without Room AC

Urban Households
with Room AC

<

Number of households (millions)
S

&

o

201718 2022-23 2027-28 2037-38

India CoolingAction Plan:ResidentialBuilding recommendations

A Nationwide adoptionand enforcementof ECB®r both commercialndresidentialsectors

A Adoptionat the municipalandurbanandlocalbody levelandthrough developmentof city
levelaction plans

A Aggressivenarketawarenessampaigngo sensitizeboth the constructioncommunityas well
as theuserstowardsthe multiple benefitsof efficient buildings



MEASURES TO IMPROVE THERMAL COMRKOBESIGN

PassiveDesign
Desigrthat leverages climatologicalhgsponsivadesignto encouragenatural

heating/coolingyentilation,andlighting.

Active Design
Desigrthat relieslargelyon mechanical electricalsourcesof heating/ cooling,

ventilation,andlighting. /’

77 Summer Sun Path

Passivalesignneedsactive users.

Active designneedspassiveusers.




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

Building Ventilation Types

v

l

¥

Naturally VMed (NV)

Mixed Mode (MM)

Air Conditioned (AC)

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

D 9 high angle sun
* Solar radation will penetrate south facing ly A
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

= i
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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
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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.

'_-_h“"'--—._
staggered layout helps in =
accentuating wind movement o
e ~ 250
P i % >k I 4
N ”~ v / > ’
1 - o e . ”
” ”~ £ o ’/
/,/ y i4 3 %% 4 ” P /,/
/@ £ 7
o 3y & 2

Salid shape type Surface area(S)  \elume (V) Ratlo(S/V)

2 Q6 64 15
b 1032 64 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

<'<,
¢ l—(ﬂ()-<=

surface area for the same volume

. Minimise P/A ratio in extreme climates

O«¢< [l




MEASURES TO IMPROVE THERMAL COMFORT

passwe design strategles for affordable housmg

ORIENTATION OF BUILDING BLOCKS

UDAAN, low cost mass housmg prOJect at Mumbai
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

/ ///
/
” /

/ 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

Heat transmitted
directly inside

Solar radiation
incident on the glazing

Heat reflected

e

Re-radiated outside Re-radiated inside

8% 8%
OUTSIDE INSIDE

Heat transmission in a single glazing clear glass

ABSORBED

Source: NZEB

OUTSIDE Visible Light |

Fenestration type

A fenestrationsystemwith low U-valueand low
effective SHGCcan result in reduction of
heating and cooling demand by 6-11% in
moderate climate and between 8-16% in hot
humid, hot dry, and compositeclimates

1 Solar Heat Gain Coefficient (SHGC)
Measure of soalr heat transmitted through the window
Lower values mean less solar heat gain

SHGC should be lower for warm climates and higher for cold climates
2:N

»-V-)- g - v“-‘r’
PN e o . /
Solar Radiation g
A5
A

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

] —> INSIDE

il =

[

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




SHADING OF OPENING /WINDOWS

L vsA
J




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

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

Vertical Shading Horizontal Shading Horizontal & Vertical Shading

HSA
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°)
H-SD-60 (inclined at 60°) V-SD-60 (inclined at 60°)
; //m 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
Comfortableliving

Use of shading device at Palace of Assembly, Chandigarh

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
DAYLIGHTING

overcast sky

,,,,,,

adjacent building

ground

A Designeddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting can impactthe energyuse by reducing
the lightingenergydemandup to 20-30%.

Daylighting and Shadingat AranyaHousing,Indore

Source: NZEB



