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INTRODUCTION MINISTRY OF HOUSING & URBAN AFFAIRS (MoHUA
A Ministry of Housing and Urban Affairs (MoHUA) is the

supreme authority of the Government of India to formulate
and monitor all the programmes concerning the housing and
urban development of the country.

A The Ministry of Housing and Urban Affairs (MoHUA)

Ministry of

HRIDAY

through its flagship mission Pradhan Mantri Awas Yojna- HouEInELS: -
% Urban Affairs ;

Urban (PMAY-U) ensuresa puccahouseto all eligible urban

households

Smart

A PMAY.U aims to achieve Urban Development through Urban Cities

Transport B Mission

Transformation, Innovation and Sustainablelnclusions.

1. Swachh Bhaat Mission - Urban, 2 Pradhan Mani Awas Yojana - Urban, 3. Deendayal Antyodaya Yojana - National Urban Liveihood — Mission,
4. Heritage Cities Development and Augmentation Yojana, 5. Atal Mission for Rejuvenaion  and Utan Transformation
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A Dueto Rapidincreasein urbanization and believing it asan opportunity to reduce poverty.

A For addressingthe huge housingdemandin the Affordable Sector,Govt of India launched Pradhan Mantri

Awas Yojana-Urban in June2015.

PMAY (U) Achievement (provisional), as on 2" January 2023

Overall Sanctions for 1.23” crore Houses

Construction of Houses ( Nos in lakh)

DETET T Sanctioned Grounded* Completed
I]]_ 112.24 122.69 107.30 67.10

\

Financial Progress (zinCr)
Released Expenditure UC Received
2,03,427 | 1,35,040 | 1,25,504 | 1,24,691 |

16 lakh houses are being constructed using New Technologies

Source: PMAY Website
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INTRODUCTIONGLOBAL HOUSING TECHNOLOGY CHALLENGE ((BHDIS)

A The Ministry of Housing and Urban Affairs, Government of India has conceptualizeda Global Housing

TechnologyChallenge- India (GHTGC India).

A To identify and mainstream a basket of innovative technologies from across the globe that are

sustainableand disaster-resilient.

A Such technologies would be cost effective, speedier and ensure a higher quality of construction of

houses,meeting diverse geo-climatic conditions and desired functional needs

A A TechnologySub-Mission (TSM)hasbeensetup.
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K A BRIBE QizZ s,
COMPONENTS GELOBAL HOUSING TECHNOLOGY CHALLENGE (NDIG)

",

Construction Technology Proven Demonstrable Potential Future
India; Grand Expo-Cum- Technologies Technologies
Conference A Onboard States& Local Support
Partners A Settingup ASHA: India
Promotion of Innovative ’ESiX Llait Hou_seProjectSites '(A\Ac\:fcf:(;rlgfaﬁlc;ar;ustalnable Housing
S aedllc e, 9 none Est_abllshedProven A Support Domestic Technologies
Platform to Facilitate Signingof MoUs Atechnologles across théslobe thrgﬂ h Product Develo mgent
and form Potential Partnerships. Identity Basketof Site-specific gt pment,
Technologies Mentoring& Market Support

TechnicalEvaluation, Exchangeof
Knowledge, and business.
Exhibition of Technologies

A Different Technologyfor EachSite Incubation Centersin IITs

A Live Laboratoriesfor learning OrganizingPeriodic Accelerator

A Technologyto be Adoptedin Workshops
Curriculum and India System

To 3>



@ GLOBAL 0
. HOUSING
T HET ;'
HATATH AAAT-STE TECHNOLOGY G-I'I'\_rl'l'a'zm
Pradhan anri Awas Yojana-Urban CHALLENGE INDIA Ministry of Housmg and Urban Affairs 3’]_-‘:1?1' .qg:‘?\qa.

Government of India

IZ D t h G ll chaft
sssssssss belt (GIZ) GmbH

EVENTS OGLOBAL HOUSING TECHNOLOGY CHALLENGE ((BHDIS)

Construction Technology Indian Housing
India (CTI) 72019 Technology Mela
Expo-cum-Conference, on (IHTM) on 5hto 7t
2"d to 39 March 2019, October 2021 in
Vigyan Bhawan, New Lucknow, Uttar

Delhi. Pradesh.

Indian Urban

Housing Conclave
(IUHC)-2022,
on 19" to 21t October
2022, at Rajkot

5
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GHTC SHORTLISTED TECHNOLOGIES

A 54 proven technologieswere shortlisted suiting different climatic zone conditions in the

CTlconferencein 2019.

Broad Category Technologies

Nos.
Precast Concrete Construction System - 3D Precast volumetric | 4 )
Precast Concrete Construction System z Precast components assembled at site 8
Light Gauge Steel Structural System & Pre-engineered Steel Structural System 16
Prefabricated Sandwich Panel System 9
Monolithic Concrete Construction 9
Stay In Place Formwork System 8

Total 54
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INTRODUCTIOIg GIZ AND IGEN (INDO GERMAN ENERGY PROGRAM

A GIZ is an international cooperation enterprise for sustainable
development which operatesworldwide, on a public benefit basis
A For over 60 Years,GIZ has beenworking jointly with partners in D?%EQE%:I
India for sustainable economic, ecological, and social
development

A The Governmentof the Republicof India and the Federal Republic SR
of Germany under the Indo-German Technical Cooperation, Siodneraly
agreedto jointly promote the O) 1-@efmanEnergy0 O COAIT | Ao .

(IGEN) with the aim to foster sustainability in the built rban and

Industrial
environment through GIZ

Development
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INTRODUCTIOIg CLIMATE SMART BUILDINGS PROGRAMME

The Ministry of Housing and Urban Affairs (MoHUA) aims to enhance climate resilience and thermal
comfort in the affordable housing segmentthrough GlZunder Indo GermanEnergy programmei} ) ' %.

programme, Climate Smart Buildings (CSB).

Aim:
A Adopting sustainableand low-impact design
A Adoption of best available Materials and construction technologies

A Useof innovative technologiesto provide desired thermal comfort for massreplication.
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INTRODUCTION: CLIMATE SMART BUILDINGS eDRTH CLUSTER

A Climate Smart Buildings Cluster cells are establishedin each of the six Light House Project states where

pilot affordable housing projects are being built utilizing innovative construction technologies

Goal:

To improve climate resilience and thermal comfort in buildings through
A Passive Measures

A Locally sustainable Materials

A Low embodied energy materials

A Best available technology



OBJECTIVES: CLIMATE SMART BUILDIRGBL, NORTH CLUSTER

In the direction to achievethe goal of sustainability and thermal comfort in affordable housing, CSBCell
Is working with following objectives.

B 9 & i
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Handbook: Innovative Construction Technologies & Thermal Comfort in Affordable Housir

A Handbook for training programs on innovative construction _
technologies& Thermal comfort in Affordable housing was curated
and launched by the ( T T & Rrimd Minister at the Indian Urban

Housing Conclavein Rajkoton 19" October2022.

To disseminate the knowledge in this handbook, Ministry of
Housing and Urban Affairs is launching a seconds set of training

l.e.RACHNAZ2.0.from Dec 2022 till Mar 2023.

Climate Smart Buildings

OCTOBER 2022
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Handbook: Innovative Construction Technologies & Thermal Comfort in Affordable Housir
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Innovative Construction Technologies of Light House Technologies, LHP
Study and Observations.

. LHPsConstruction Technologies

Thermal Comfort Analysis and Recommendationson LHPs and Assisted
DemoProjects.

Life CycleCostAnalysisandits Impactin CarbonEmission

Q&Aon New & Innovative technologiesand Thermal Comfort.
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CONCEPT OF LIGHT HOUSE PROJECTS (LHPS)

A Ministry of Housingand Urban Affairs Under PMAY (U), setup a
Technology Sub-Mission (TSM) to provide:

A Alternative sustainabletechnological solutions.

A Better, Faster &  cost-effective construction
methodologies

A Housessuiting to geo-climatic and hazard conditions
of the country.

A Light House Projects have been conceptualized as part of

Global Housing Technology Challenge z India (GHTG India)

A Construction of six LHPs with allied infrastructure and six

categories of globally proven innovative technologies were

envisagedin six different states.
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CONCEPT OF LIGHT HOUSE PROJECTS (LHPS)

A The fundamental concept of the Light-House Projects is to encourage large-scale participation of the

people of India for mainstreaming the proven technologiesidentified globally by the principles.

Explome

Site Visit Pros & Cons
Suitability/Safety

Cost Factor

Economy of Scale
Exposureto
Technologies/
Materials/
Processes

Technical
knowhow

Demand

Availability of
Materials/ Skilled
Manpower

Speed/ Quality

Availability of

Materials Logistics
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( T T 6 &imd& Minister Shri Narendra Modi laid the foundation stone of six Light House Projects (LHPs) each

consisting of approx. 1000 housesin January2021, in six cities :

L | |
: :ril_mvml[ll!!m |
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‘ ..‘.,, Light HOllS ey;,ﬁ},:oje ct

Perumbakkam. Chennai.

Narendb;‘a Modi

Prime Minister

In the august presence of

Hardeep Singh Puri Basavaraj S. Bommai Y. S. Jagan Mohan Reddy General (Dr.) V. K. Singh (Retd.)
Union Minister for Petroleum and Natural Gas Chief Minister, Karataka Chief Minister, Andbra Pradesh Union MoS for Road Transport & Highways
Housing and Urban Affairs

and Civil Aviatior

o

on T!¢-sday, 26" May 2 ™! at 5.45 pm at £




@ GLOBAL % H Deutsche Gesellschaft
7 eutsche besellscha
Y HOUSING b I Z fir Internationale
am!“” o — TECHNOLOGY \ 3.] |§ﬂ |é I T Zusammenar beit (61Z) GmbH
; B

vedhan ant Awas Yjara-Urhen CHALLENGE INDIA Ministry of Housing and Urban Affairs I@?\Eﬁr
Government of India I i EI

A Precastdense reinforced cement concrete hollow core

columnsand RCGshearwalls is being usedasstructure . ‘35" precast RCC column
core  concreted using  sell-
A AACDlocksin partition walls are being used
A Dowel bars, continuity reinforcement placed at '3.5° precast RCC beams - top
part concreted wsing self-
cHnpacting concrete.

connections

A Seltcompacting concrete is being used in hollow cores

of columns.

Installation of panels Precast concrete wall (Panels)
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LHP RAJKOTINAUGRATION (19 October 2022)
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LHP Rajkot Monolithic Concrete Construction using Tunnel Formwork

ACustomized engineering  formwork replacing .-

conventional steel or plywood shuttering systems
AMechanizedsystemfor cellular structures.
ATwo half shells which are placed together to form a
room or cell.
AWalls and slab are castin a single day.

AThe formwork is stripped the next day for subsequent

Tunnel Formwork Current progress

phase

Box out of door and windows
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LHP Indore-Prefabricated Sandwich Panel System

A Lightweight composite wall, floor and roof sandwich panels made of
thin fibre cement or calcium silicate board as face covered boards.
A Core material is EPS granule balls, adhesive, cement, sand, fly ash

and other bonding materials in mortar form o anum
A The core material in slurry state is pushed under pressure into pre s '

set moulds. |
A Once set, it shall be moved for curing and ready for use with steel |

support structure beams and columns Prefabricated EPS Sandwich Pane
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Sobd heart ) Rod holes ) Block hole
Types of Prefabricated Sandwich Panels
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LHP Ranchi Precast Concrete Construction Systeq3D Volumetric

A Componentslike room, Bathroom, Kitchen etc are cast
monolithically in Plant or Castingyard in a controlled
condition.

A Magic Pods (Precast Components) are transported,
erected & installed using cranes.

A Prestressedslabsare installed asflooring elements

A Consecutive floors are built in similar manner to

completethe structure.

Construction and installation Pre Casting of building modules Pre Casting of building modules
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LHP Agartala Light Gauge Steel Framed Structure with Infill Concrete Panels (LGSE®)

A Light Gauge Steel Framed Structure with Infill
ConcretePanels(LGSFSCP) Technology

A Factory made Light GaugeSteelFramed Structure
(LGSFS)light weight concrete and precast panels
are beingused

Precast concrete panely_jght Gauge Steel Frame Structure
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LHP LUCKNOWPROJECT OVERVIEW

Project Brief

Location of Project Avadh Vihar, Lucknow, U.P.

No. of DUs 1,040 (S+13)

Plot area 20,036 sg.mt.

Carpet area of each DU 34.51 sg.mt.

Total built up area 48,702 sq.mt.

Technology being used Stay In Place Formwork System with prengineered steel structural
system

Other provisions Community Centre, Shops

Broad Specifications Broad Specifications

Foundation RCC raft foundation

Structural Frame Pre-engineered steel structural frame
Walling Stay In Place PVC Formwork System
Floor Slabs/Roofing Cast insitu deck slab
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LHP LUCKNOWPROJECT PLAN

Project Layout Plan

SHHO/ S/ A0 SH3HIO

LILIRERESE,

-

i F

Plan

Site Plan
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CONSTRUCTION TECHNOLOGY: LHP LUCKNOW

AHot Rolled Pre-Engineered Building (PEB) sectionsactasa structural framework of the building whereas
SIP(Stay-in-Place)formwork works asa partition wall.

A0.9mm Deck Sheetusedasslab support componentover which concreteis castedfor enhancingstrength. It
reducescastingtime, propping, shuttering and centering support.

ASeIf—Compacting Concrete is being poured in SIPformwork asan infill to make it more rigid and thermally
sound.

APonvinyI Chloride(PVC) based polymer components serve as a permanent stay-in-place formwork with
infilled concrete for building walls.

|
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THERMAL COMFORT ANALYSISKERGANJ, PRAYAGRAJ

Assisted Demo Project Lukerganj, Prayagraj Uttar Pradesh

. . ], e, acou]
Low-E Coated Shadlng to Avoid AAC Block/EPS Panel EPS Insulation =
Glass Direct Sun Rays in Envelope Wall on Roof
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RECOMMENDATIONBO ENHANCE THERMAL COMFORT (BASE CASE

Existing Project Details

ATotal Plot Area; 1731 nm

ANo. of DUs: 76 (G+3)
(Block-1: 40, Block2: 36)

ACovered Area: 634.8 rh
Roof Assembly (U-Value: 1.908 W/m 2?K)

75 mm Brick bat

TYPICAL FLOOR PLAN

‘\ 50 mm Cement Mortar
[TTTTITITTT

B eE = ) 175 mm RCC Slab

12 mm Plaster

115 mm Red Brick
A

A Wall Assembly:

A Brick wall (U -Value:
3.012 W/m2K )

A WFRop: 19.57

A VLT (%): 85%

A RETV: 18.28W/m?

12 mm Plaster
12 mm Plaster

Mandatory Requirement Total Points

RETV(W/m’)
(Residential Envelope Transmittance Value)

U-Value Roof(W/m*.K)
(Thermal Transmittance-Roof)

i e
(Window to Floor Area Ratio) Chieve
e e
(Visible Light Transmittance) Achieved

Calculated Value Point Achieved
18.28 0
1.91 0

8.0
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RECOMMENDATIONBO ENHANCE THERMAL COMFORT (GABE

Wall Assembly: AAC Block Wall Roof Assembly
A(U-Value: 0.981 W/mPK) (U-Value: 0.602 W/m?K )
ANFRop: 19.57 ENS Compliant

A/LT (%): 85% ENS Compliant

ARETV: 10.76 W/m? (ENS Compliant)

& mm China Mosaic Tile

25 mm Cement Screed
P 50 mum EPS Insulation

125 mm RCC Slab

150 mm AAC Block 12 mm Cement Plaster

Mandatory Requirement Total Points Calculated Value Point Achieved

RETV(W/m?)
. . . 10.76 56

(Residential Envelope Transmittance Value)
e o6
(Thermal Transmittance-Roof) )
S N

Ach d 19.57
(Window to Floor Area Ratio) cieve
et N

Ach d 85.0
(Visible Light Transmittance) cieve

: 12 mm Plaster
—p
! 12 mm Plaster
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RECOMMENDATIONBO ENHANCE THERMAL COMFORT (GABE

Wall Assembly: Roof Assembly 40 mm Shotcrete
EPS Core Panel Wall (UValue: 0.651 W/m?K) EPS Core Panel
ANFRop: 19.57 ENS Compliant (U-Value: 0.346 W/mK ) A 100 mm EPS

ARETV: 7.76 W/m? (ENS Compliant)
- ]

S 40 mm Shotcrete

Mandatory Requirement Total Points Calculated Value Point Achieved

e B
. . . 7.67 71
(Residential Envelope Transmittance Value)
2
(Thermal Transmittance-Roof) J |
Ach d 19.57 '
(Window to Floor Area Ratio) CIMEVE
ple -
Ach d 85.0
(Visible Light Transmittance) CIMEVE

40 mum Shotcrete

: : 100 mm EPS
]
iﬁlﬂ mm Shotcrete
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Unit Base Case Casel Case?2
W/m2 18.28 10.76 7.67
Reduction in Heat 0 -
Transmittance Through /o [NEEHEn e - 41% 58%
Building Envelope base case
0 :
Embodied Energy Savings & SaVInC%SS;V.r.t L - 55% 22.8%
Hrs. 3704 3380 3064
% Reduction w.r.t _ 8.74% 17.27%
base case ' '
OC.Hrs. 19661 17760 16251
oC 3.75 4.49 5.73
Rs/DU 539099 552699 579879
Orientation,

Shading etc.. EW

E-W

E-W
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SESSION?
Importance of Thermal Comfort
. Thermal comfort and cooling demand

Factors affecting thermal comfort and cooling demand

. Contemporary approaches
. Thermal comfort metrics
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THERMAL COMFORT & ITS IMPORTANCE

33.4°C

Thermal comfort is O O Ktdte of mind that expresses satisfaction
within the thermal AT OEOI1 1 laddl ¢enerally assessed
subjectively (ASHRAE,2004).

In caseof humans,the core body temperature lies in a narrow range
around 37° C(ASHRAE2021).

21.6 °C

To maintain the body core temperature during varying external

temperatures, the human body is constantly acclimatizing itself to its

external environmental conditions through exchangeof heat between

the body and surrounding environment.

Both core body temperature and skin surface temperature are

relevant in understanding thermal comfort.
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TRANSFER OF HEAT FROM HUMAN BODY
Mode of Heat Transfer Evaporation
What affectsthe Thermal indoor environment? % I o
A The heat exchangebetween the human body and its environment [

occursmainly in three ways n ' |
A Conduction fj

Qevaporation

A Convection
. R I}_f’ 7 Qradiation
A Radiation Py
A Thermal indoor environment is affectedby both -‘-‘ e
Qconvection + ‘ .JJJ', ’:‘;1 ‘

K ¢

Qmechanical

internal and external sources ey

Thermal comfort refers to the percieved feeling on the human body as the result of the

effect of heat and cold sources in the environment.
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METABOLIC RATE FOR HUMAN ACTIVITY AND OCCUPANCY

Table 3.1 | M =1 met = 58.2 W/m? =18.4 Btu/h.ft?

Metabolic Rate M for Various Activities A Thermal comfort is maintained by
_ — y heatmasstransfer.

Activity met Wim®  Btu/(h * ft")

Sleeping 0.7 40 13 A Human body generates heat about

Reclining 08 45 15 N

Seated, quiet 1.0 60 I8 100w under sedentary condition

Standing, relaxed 1.2 70 vy -

Walking (0.9 m/s, 3.2 km/hr, 2.0 mph) 20 115 37 with body areal5 to 2 sqm.

Walking (1.8 m/s, 6.8 km/h, 4.2 mph) 38 220 70 :

Dfﬁuu-icading.m:ulcd ; 10 55 18 A More layer of clothing = more

Office, walking about 1.7 100 31

House cleaning 2034 115200 37-63 Insulation =lessheatloss

Pick and shovel work 4.0-4.8 235-280 74-88

Dancing, social 24-44 140-255 44-81

Heavy machine work 4.0 235 74

Source: Courtesy of ASHRAE, Standard 55-2013: Thermal Environmental Conditions for
Human Occupancy, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Atlanta, GA, 2010, With permission.
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FACTORS AFFECTING THERMAL COMFORT

Environmental
Parameters/Factors

A Air Temperature

A Mean Radiant Temperature
A Air Velocity

A Humidity

Personal Parameters/Factors
A Clothing Level

A PhysicalActivity

Skin surface temperature at various locations of the
body in cold, neutral, and hot indoor environment.



