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1771+ STAKEHOLDERS trained in 44 Trainings
across 17 States

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

ﬁﬁ 458+ & 490+ 365+ 458+

Government A Practitioners & Contractors & wmer Students
officials QAIB professionals Const. workers

Ministry of Housing & Urban
Affairs in partnership

Rising global temperatures 3 SUSTAINABLE My ALS with The Climate Smart
A frightening reality in times of extreme weather “ Y DEVELOPMENT “an Buildings Project

eventslike heatwaves. —
o is hosting 75
b & g -
trainings and events

India’s energy commitment

Housing for all mission needs to fulfill housing needs The Climate Smart Buildings Project in partnership with Ministry of Housing 2500
without any compromise on environmental concerns. & Urban Affairs is hosting 75 trainings under the following categories: attended by over

L£<<~

= S 2 . participants
22 Trainings for Built-environment professionals & Govt. Departments

« 13 Vocational Trainings 30 aue
Thermal comfort for all « 31 Trainings for Senior Govt. Officials & Policy makers e Cities
Habitants need housing that is thermally comfortable : Awareness sessions for students to raise awareness on
to live in - reducing the need for active cooling means « 22 Additional Capacity Building Workshops Thermal comfort in
like AC/Desert coolers.

2 International knowledge exchange programs

affordable housing

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Light House Projects

/, LHP serves as LIVE Laboratories for \\
different aspects of Transfer of
technologies to field application, such
as planning, design, production of
components, construction practices,
testing etc. for both faculty and
students, Builders, Professionals of
Private and Public sectors, and other
stakeholders involved in such
construction

Better quality of Houses built with
constructionina e shortlisted alternate
manner technology

gem mIm Em o o o o . . o .

Green and sustainble House built with speed,

economy

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Light House Projects

Following are the details of Construction Technologies being employed at the Light House Projects selected
under the Global Housing Technology Challenge (GHTC) i India
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LHP Location

Particulars

Name of
Technology

No. of Houses
No. of Floors
Plot Area

Per House Carpet
Area

Project Cost

Per House cost
(with
infrastructure)

GLOBAL
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Summary of Six Light House Projects (LHPS)

Units

Name

No.
No.
Sgm

Sgm
INR (in Cr)

INR (in
Lakh)

Chennai Rajkot (I\l/rI]aC|(jOr:$a
(Tamil Nadu) (Gujarat) Pradesh)
Precast Monolithic
Concrete Concrete Prefabricated
Construction Construction | Sandwich Panel
System-Precast | using Tunnel System
Components Formwork
1,152 1,144 1,024
G+5 S+13 S+8
33,596 39,599 41,920
26.58 39.77 29.04
116.27 118.90 128.00
10.09 10.39 12.50

Ministry of Housing and Urban Affairs
Government of India

Af'

I Z Deutsche Gesellschaft
m pu Zusammenarbslt(GIZ) GmbH

Ranchi
(Jharkhand)

Precast
Concrete
Construction
Systemi 3D
Volumetric

1,008
G+8
31,160

29.85

134.00

13.29

Agartala Lucknow
(Tripura) (Uttar
Pradesh)
Light Gauge Steel
Frame System | Stay in Place
(LGSF) with Pre- Formwork
Engineered Steel System
Structural System
1,000 1,040
G+6 S+13
24,000 20,000
30.00 34.50
162.50 130.90
16.25 12.58
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' A There are 7 blocks in Ground + 8
1 configuration with 1008 houses along
I with basic and social infrastructure.

I
1 A Ground coverage of the project is 29.3%
I and FAR is 2.21.

I
1 A Green space is 20%.
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Typical floor plan

= g = B

16 dwelling units at eachfloor of building block with provision of lifts and staircases
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Typical Dwelling Unit plan

BED ROOM BED ROOM
3.275 X3.000 3.275 X3.000

dn

puct

2.670X 2070
LIVING
. 3.585X 3.170

BED ROOM BED ROOM
3.275 X3.000 | 3.275 X3.000

Other special features :
A Greenrating asper GRIHA

Each dwelling unit consists of one hall, one bed A UZeOf renewable resources
room, a kitchen, WC, Bath and a balcony. The carpet A Rain water harvesting

area of each unit is 29.85 Sgmt. The sizes of A ~ Solarlighting

individual rooms & service areas conform to NBC Solid waste management

norms. A STPwith recycling of waste water

A Fire Fighting Systemconforming to NBC
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Conventional Construction Systems

' The prevalent construction systemsin India are:
' Load bearing Structure

:In this system, walls are constructed using!
- bricks/stone/block masonry and floor/roof slabs are'!
-of RCC/stone/composite or truss. It is cast in-situ !
Isystem and called load bearing system as load of'
:structure is transferred to foundation and then to |
' ground through walls.

I
i RCC Framed Structure

' In this castin-situ system, the skeleton of a structure
' is of RCC column and beam with RCC slab. The infill
' walls can be of bricks/blocks/stone /panels. The load
, of the structure is transferred through beam and
. column to the foundation .
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Prevalent Construction Systems | Technology being Used

Precast Concrete Construction - 3D Volumetric

It is the modern method of building by which precast concrete structural modules like
room, toilet, kitchen, bathroom, stairs etc. & any combination of these are cast
monolithically in Plant or Casting yard in a controlled condition .

These Modules transported, erected & installed using cranes and are integrated
together in the form of complete building unit.
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Conventional IConstruction Systems:s

—— —
Slow

Maximum Use of Natural Resources
Waste Generation
Air/Land/Water Pollution
Labor Intensive
Prescriptive Design
Unhealthy Indoor Quality
Regular Maintenance
Energy Intensive
Cast -in -situ Poor Quality |
High GHG Emissions

Unsustainable
— -

- —

= fmiRE giZ:

Fast

Optimum use of Resources
Minimum Waste

Minimum Pollution
Industrialized System

Cost -effective Design
Better health & Productivity
Low Life Cycle Cost
Energy Efficient

Factory Made Quality Products
Low GHG Emissions

Sustainable

Deutsche Gesellschaft
fiir Internationa
aaaaaaaaa bslt (GIZ) GmbH

Alternate:Canstruction:Systemss
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MAP SHOWING SIX

DIFFERENT LHP LOCATIONS

Government of India

Ministry of Housing and Urban Affairs
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Establishment of the Cluster Cell in

ARUNACHAL
- PRADESH
o) ! SIKKIM
m s
RAJASTHAN
- ¢ UttarPradesh
m g g, Hi MANIPUR
i ref Lmzomm
jkot
—— nummm
s
DAMAN AND DIU
~ MAHARASHTRA
_asexRe;, i GLOBAL
HOUSING
o TECHNOLOGY
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PRADES
|
L 8
Chennai .
Tomd Nadu LHPs shall serveas LIVE Laboratories
KERALA

different aspectsof Transfer

Ranchi, Jharkhand under Global
Housing Technology Challenge

India (GHTC-1 ndi a) o

Jharkhand Bihar

West
Bengal

Odisha

for

of technologies
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Sustainable Buildings

30% -50% reduction in energy use
40% reduction in water use

35% reduction in GHG emission
75% reduction in waste
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3D Precast Volumetric Construction :

A Replacing cast in situ RCC
structural frame with
factory made structural
componentsi 3D |

sl
o .

A Customized factory-made
volumetric construction i.e.
the entire module (room)
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LHP -RANCHI (Precast Concrete Construction System i 3D Volumetric)

Advantages

A Upto 90% of the building work including finishing is complete in plant/casting yard leading to significant reduction
In construction & occupancytime

A The controlled factory environment brings resource optimization, improved quality, precision & finish

A The required concrete can be designed using industrial by-products such as Fly Ash, Ground granulated blast
furnace slag (GGBS), Micro silica etc. resulting in improved workability & durability, while also conserving natural
resources In this project Ground granulated blast furnace slag & silica fume is proposed in concrete.

A With smooth surface it eliminates use of plaster
A The monolithic casting of walls & floor of a building module reducesthe chancesof leakage

A The system has minimal material wastage (saving in material cost), helps in keeping neat & clean construction site
and dust free environment

A Use of optimum quantity of water through recycling
A Use of shuttering & scaffolding materials is minimal

A All weather construction & better site organization
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Light House Project (LHP) at Chennai, Tamil Nadu

(Technology: Precast Concrete Construction System -Precast Components)

gy

i No. of Dwelling Units : 1152 Nos. (G+5)
/ No. of Block / Tower : 12 Blocks
' Units in each Block / Tower : 96 Nos.
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2D Precast Concrete Construction

Replacing cast in situ RCC structural frame
with factory made structural components 1
2D planar elements

Customized Factory-made beams, columns,
wall panels, slab/floors, staircases etc.
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Concrete components prefabricated in precast yard or site
and installed in the building during construction

Solid Slab Panels
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LHP -CHENNAI (Precast Concrete Construction System -Precast Components Assembled at Site)
Advantages

A Quality of construction is enhanced significantly due to pre-casting of components by using sophisticated
moulds and machineries in factory like environment, assuredcuring, assured specified cover to reinforcement,
proper compaction of concrete results in to denseand impermeable concrete etc. Thus lesser maintenance cost
during lifetime of project.

A Inbuilt ecofriendly method of construction in terms of more off-site works in controlled factory like
environment results in to significant reduction in wastage of water, natural resources, air pollution and noise
pollution .

A Safety of workforce achieved automatically as most of the works are carried out at ground floor in factory like
environment, which ultimately enhancesthe work efficiency and quality .

A Wooden shuttering material is completely avoided and wastage of other construction materials reduced
significantly ; which results in to conservation of scarcenatural resourceslike soil, sand, aggregate,wood etc.

A Advance procurement of major construction materials, advance pre-casting of structural components and

assured completion of work within stipulated completion period will save cost towards escalation & early
returns on investments, thus Substantial cost benefit to the client.
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Light House Project (LHP) at Agartala, Tripura

(Technology: Light Gauge Steel Structural System & Pre -Engineered Steel Structural
System)

No. of Dwelling Units : 1000 Nos. (G+6)

No. of Block / Tower : 7 Blocks

Units in each Block / Tower : A(112), B(154), C(118),
D(168), E(168), F(168) & G(112)

N
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PRE-ENGINEERED STEEL
STRUCTURAL SYSTEM

A Replacing cast in situ RCC
structural frame with
factory made steel (hot
rolled) structural system

i "“ TR v.i“... |
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| Steel skeleton with Aerocon panel infills
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LIGHT GAUGE STEEL

STRUCTURAL SYSTEMS

Replacing cast in situ
RCC structural frame
with factory made light
gauge steel (cold rolled)
structural system

Govern

il
e

Ministry of Housing and Urban Affairs

ment of India

-
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LHP -AGARTALA (Light Gauge Steel Structural System & Pre -enqgineered Steel Structural System)

Advantages

A Due to light weight, significant reduction in design earthquake forces is achieved. Making
it safer compared to other structures.

A Fully integrated computerised manufacturing of LGSF sections provide very high
precision & accuracy.

A Speedier
A Structure being light, doesnot require heavy foundation

A Structural elements can be transported to any place including hilly areas/ remote places
easily

A Structure can be shifted from one location to other with minimum wastageof materials.
A Steelused can be recycled multiple times

A The systemis very useful for post disaster rehabilitation work.
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Light House Project (LHP) at Indore, M.P.

-Engineered Steel Structural System)

No. of Dwelling Units : 1024 Nos. (S+8)
No. of Block / Tower : 8 Blocks
Units in each Block / Tower : 128 Nos.
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PREFABRICATED SANDWICH PANEL SYSTEMS

A EPS Core Panel Systems

A Other Sandwich Panel Systems
I Fibre cement board
I MgO Board
I AAC panels

Reinforced EPS

230 MM Clay Brick Wall
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A Replacing brick and mortar
walls with dry customized walls
made in factory
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LHP -INDORE (Prefabricated Sandwich Panel System)

Advantages

A The systemis dry walling system, brings speedin construction, water conservation (no use of water
for curing of walling components at site).

A The sandwich panels have light weight material as core material, which brings resource efficiency,
better thermal insulation, acoustics& energy efficiency

A Being light in weight, results in lower dead load of building & foundation size.
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Light House Project (LHP) at Lucknow, U.P.

(Technology: Stay in  -place Formwork System & Pre -Engineered

Steel Structural System) No. of Dwelling Units : 1040 Nos. (S+13)

No. of Block / Tower : 4 Blocks
Units in each Block / Tower : A(494),
B(130), C(208) & D(208)

LIGHT HOUSE PROJECT- LUGKNOW.

' g == -
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Modular Tunnel form

U  Tunnel formwork is a mechanized systemfor cellular
structures. It is based on two half shells which are
placed together to form a room or cell. Several cells
make an apartment. With tunnel forms, walls and
slab are castin asingle day.

i  The formwork is set up for the d a ygbw in the
morning. The reinforcement and services are
positioned and concrete is poured in the afternoon.
Once reinforcement is placed, concrete for walls and
Slabs shall be poured in one single operation. The
formwork is stripped the early morning and
positioned for the subsequentphase.

u Here the walls and slabs are cast in a form of a
tunnel leaving two sides open whereasin monolithic
concrete construction the entire room is cast in a
single pour..




GLOBAL ;‘ %V"’ ‘
_ U .P’ Deutsche Gesellschaft
beicieil :’iE()(ZlI{fI:II:I)GLOGY I Z fiir Internationale
ST AAAT-9TE n o 3‘] IGI EE' T Zusammenarbeit (61Z) 6mbH
Pradhan Manti Awas Yjane-Uren CHALLENGE INDIA Ministry of Housing and Urban Affairs " ]:Ig‘.‘?\qa.
Government of India 3 1 E l

e b o oy AT
B




o GLOBAL
*”ﬁlf—' Deutsche Ges llhft
i ?E()(:ll{fl:lhtl)iOGY 31-[\—,.”& I Z fir Internatio
AT AAT- 2T . & Zusammenar! bslt(GIZ) GmbH
e i CHALLENGE INDIA Ministry of Housing and Urban Affairs \":Tﬂ?f -qg‘-‘?\qa-

ha M Awas Yojane-Urban

Government of India

STAY -IN -PLACE FORMWORK SYSTEM

A Replacing cast -in -situ
Formwork with factory made
formwork systems

A Itis sacrificial formwork or
lost formwork means
formwork is left in the
structural system to later act
as insulation or
reinforcement cage
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Stay -In -Place PVC Wall Forms

A This is a prefinished wall formwork from M/s Novel Assembler
Pvt. Ltd. comprising of rigid Poly-Vinyl Chloride (PVC) based
polymer components that serve as a permanent stay-in-place
durable finished form-work for concrete walls.

The extruded components slide and
interlock together to create continuous
formwork with the two faces of the wall
connected together by continuous web
members forming hollow rectangular
components. The web members are
punched with oval-shaped cores to allow
easy flow of the poured concrete between
the components.

The hollow Novel Wall components are
erected and filled with concrete, in situ, to
provide a monolithic concrete wall.
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LHP -LUCKNOW (Stay in Place PVC formwork System)

Advantages

A Having formwork already as part of system, the construction of building is faster as compared to conventional
buildings . The formwork needssome support only for alignment purpose.

A The formwork consists of rigid PVC components, which do not corrode, chip or stain & resistant to UV, bacteria, fungi
etc., thus ensuring long life of the structure.

A The polymer content used in manufacturing of formwork is up to 55% recycled content and are further recyclable,
making it an eco-friendly material.

A The form work system has specific advantage for use in coastal areas as due to polymer encasementit offers higher
durability .

A With concrete asfilling material, the curing requirement of concrete is significantly reduced, thus saving in precious
water resources

A The formwork system does not have plastering requirement & gives a aesthetic finished surface in different color
options.

A The system provides advantagesin terms of structural strength, durability enhancement, weather resistance, flexural
strength, thermal insulation and easeof construction.
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Light House Project (LHP) at Rajkot, Gujarat

(Technology: Monolithic Concrete Construction System)

No. of Dwelling Units : 1144 Nos. (S+13)
No. of Block / Tower : 11 Blocks
Units in each Block / Tower : 104 Nos.
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MONOLITHIC CONCRETE
CONSTRUCTION
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Replacing cast -in -situ Formwork
with factory made customized
formwork systems

Formwork material is Aluminum
/ composites / steel having 100 to
500 repetitions
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Assembly line construction i.e.
placing the formwork, pouring
the concrete, moving the
formwork to upper level
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LHP -RAJKOT (Monolithic Concrete Construction using Tunnel Formwork)

Advantages

A Facilitates rapid construction of multiple/ massmodular units (similar units)

A Resultsin durable structure with low maintenance requirement

A The precise finishing can be ensured with no plastering requirement

A The concrete can use industrial by-products such as Fly Ash, Ground granulated blast furnace slag
(GGBFS), Micro silica etc. resulting in improved workability & durability, while also conserving natural
resource

A Being Box type structure, highly suitable against horizontal forces (earthquake, cyclone etc.)

A The large number of modular units bring economy in construction .
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Break : 10 minutes
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Population (millions)
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Growing Opportunities with Rapid Urbanization

Urban and rural population

India
= Urban M Rurel Urban population by size class of urban settlement
India
W10 million or more M5 to 10 million W1 to 5 million

500,000 to 1 million 300,000 to 500,000 Below 300,000

600,000-
‘ué 400,000
&
g
= 70 cities
-E 94 cities
= 49 citles ” . . .
§ 200000 71 cities Cities, which will contribute over
I 80% to GDP by 2050, need to be
40 cities Receptive,  Innovative, and
Productive to foster sustainable
_ 0. growth and ensure a better
1975 \%g(;or 2025 2050 1650 2018 2030 qua”ty of Iiving

Year

Note: Urban and rural population in the current country.
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Challenges with Rapid Urbanization

Estimated no. of No. of Households | State %ge in State Wise
households below | with Kachha Houses| National Urban| Distribution of

60.00

B55 53.4 55.2
50.00 — 44.145.1 poverty line in in Urban Areas housing housing shortage (in
39.9 o
40.00 a5 2 - Urban Areas shortage Millions)
30.00
Jharkhand 500000 118126 3.35 0.63
20.00
10.8 11.5 11.3 Bihar 933333 230961 6.31 1.19
10.00 4.6
I m I I West Bengal 1302083 3118 7.08 1.33
0.00
m Good(%) m Satisfactory(%) m Bad (%)

Jharkhand Bihar Odisha West Bengal
368750 37057 2.20 0.41
Percentage of households with the condition of Census House

NOSTRLAOTON
Jharkhand 60.50% 31.50% 7.90% ANDIN RUCTURE

Bihar 72.60% 25.90% 1.60%

1 SUSTAINABLE CITIES 1 CLIMATE
AND COMMUNITIES ACTION

Odisha 54.10% 39.10% 6.80%

West Bengal 74.20% 21.50% 4.40%

Ownership of HH, Urban India * Handbook of Urban Statistic by NIUA2018

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Energy demand with Rapid Urbanization

2030
2017 A

18% '

S0y

= Industry = Residential = Commercial = Agriculture = others

1066 Twh

= Industry = Residential = Commercial Agriculture = others

2239 Twh

Residential Buildings: Fast Growth in Electricity Consumption. *IESS, NITI Aayog

Climate Smart Buildings | LHP Ranchi | PMAY Urban

Residential buildings consumes around
255 TWh electricity in 2017, the
electricity consumption in residential
buildings is expected to multiply by
more than 3X and reach around 850
TWh by 2030. Increased penetration of
air -conditioning / HVAC in
residential building is the key reason for
this growth.

Residential buildings will become the
largest end -user of electricity in the
country accounting for 38% of the total
electricity consumption.
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What is housing affordability?

N Ho u saffardgbility is an expression Major Factors™
of the social and material experiencesof A household income level,
people, constituted as households, in A dwelling unit size

relation to their individual housing A The proportion of overall household
: : R expenditure on housing and related
S 1 t U a-tMichaelEStane

expensess wadhwa Committee

Income Income EMI percentage of Dwelling
Group range (INR) monthly income Units Size
Affordability is an expression of the (56, 11,

challenge each household facesin balancing mm“ =
the cost of its current or potential housing
. . Cy - .. LIG 0.3-0.6 30-40 60
and its other expenditures, within the limits million
oftheh o u s e hnedmeé.6 s MIG -1 0.6-0.9 30-40 120
MIG -1l 0.9-1.2 30-40 150
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What constitutes housing expenditure?

Total* o
Initial Cost: Fuel Consumption in Urban Areas
HOUS| ng A Land Cost Firewoods & (National Sample Survey 68th
. A : chips Round household survey)
Expendﬂure Material Cost 7%
A Construction Cost
A Initial down payment to access ;Z@
* Deepak Parekh Committee, 2008 A ?’?::;g%t?g]:zgit (StampldLiy
registration fees, GST) = LPG
= Kerosene
= Electricity
= Firewoods & chips
Recurring Cost:
: Electricity
A Fuel (excluding transport) 53% Kerosene
A Wwater 6%
A o&am
A Repa_tir The India Cooling Action Plan estimates that, as of 201718, 10% of
A EMI interest payment the population consumes 60% of the energy for space cooling

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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MoHUA Initiates for Urban Transformation

7 Urban Transport
DAY-NULM Flagship Missions under the Ministry of
Housing & Urban Affairs (MoHUA) aim
to achieve Transformative, Inclusive and
W Sustainable development through
w achieving Urban Transformation.

planning, development and reforms for
Climate Smart Buildings | LHP Ranchi | PMAY Urban
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PMAY -U projects

\

Slum rehabilitation with private developers
using land as a resource

‘ Linked Subsidy

[

N\

Subsidy for beneficiary  -led individual house
construction/enhancement. (ISSR)

Ministry of Housing and Urban Affairs
Government of India

Construction of affordable housing in Partnership
with Public & Private Sectors

Promotion of affordable Housing through Credit

11.2 million
dwelling units are 7.35 lakh crores occupants in the
being constructed Investment EWSILIG category

10 lakh

benefitting

4
.ﬁ Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (61Z) 6mbH

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

Adequate physical
and social
infrastructure

e

Women
empowerment

PMAY (U)
Features

Security of
Tenure

Better quality
j: of life for
Urban Poor

Key features of PMAY  -U projects

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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ISSR (In -Situ Slum
Redevelopment)

CLSS (Credit Linked
Subsidiary Scheme)

BLC (Beneficiary -
Led
Construction)
Physical
Progress
PMY (V) AHP (Affordable
Housing in

Partnership)

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Awas Yojna (Urban):

Objective

Security of tenure

Women empowerment
Better quality of life of
urban poor

All-weather housing water,
kitchen, electricity & toilet
Adequate physical and
social infrastructure
Securing SDGs

N
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Global Housing Technology Challenge - India (GHTC -India)

MoHUA has initiated the GHTC -India to identify and mainstream a basket of innovative construction technologies from across the
globe for the housing construction sector that is sustainable, ecofriendly, and disaster-resilient.

54 Innovative Light House
GHTC -India Construction projects with 6
Technologies selected
Shortlisting technologies
AGARTALA, CHENNAI,  TAMIL INDORE, MADHYA LUCKNOW, RAJKOT, RANCHI,
TRIPURA NADU PRADESH UTTAR PRADESH GUJARAT JHARKHAND
Light Gauge Steel Precast Concrete Prefabricated Stay in-place Monolithic Precast Concrete
Structural System & Construction System Sandwich Panel Formwork System Concrete Construction
Pre-Engineered Steel Precast Components System Construction System-3D _ Pre-
Structural System Assembledat Site System CastVolumetric

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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About the project-n Cl1 1 mat e Smart Buil di ngs
of the Cluster Cell in Ranchi, Jharkhand under Global Housing
Technology Challengeindia (GHTC-l ndi a) C

States and UTs in East Cluster for establishing the Cell:

Odisha

The climate smart building project intends to address the majority of gaps identified in the affordable housing sector

A By introducing of thermal comfort & climate resilience in the Local Government framework through Byelaws as an
overarching objective.

A In order to achieve this objective, activities like documentation of LHP construction process from a sustainability perspecti ve,

knowledge transfer & capacity building through LHPs, performance monitoring & demonstration of thermal comfort in
selected housing projects among others.

Climate Smart Buildings | LHP Ranchi | PMAY Urban



. GLOBAL 4
) .P‘ Deutsche Gesellschaft
beicieil HOUSING { I Z fiir Internationale
ST AFT-TE TECHNOLOGY G-ﬂ\_rﬂff @l Zusammenarbeit (612) GmbH
Prdhan M Avas Yo U CHALLENGE INDIA Ministry of Housing and Urban Affairs \3?1%- qﬁ?\qa-

Government of India

Climate Smart Buildings Programme (ICEN -CSB)

Reduce the demand
for air -condition by

Government
of India/
MoHUA

Curtail 30 metric
Affordable

30-40% tones of CO2

Support the
Improve health and commitment of Gol
wellbeing of people towards reducing
CO2 emissions

Climate

Smart

Building

Climate Thermal

The Federal
Ministry of
Economic
Cooperation(
BMZ),
Germany/
Glz

Resilient

- % % Q«S@%ﬂ

Key features of a CSB Results of a Climate responsive
building design

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Climate Smart Buildings (CSB)

WP1: Facilitate
implementation and
monitoring of Light House
Projects (LHPSs)

~

GLOBAL

HOUSING
TECHNOLOGY
CHALLENGE INDIA

Government of India

4 )

of

WP 2 : Technical assistance to
enhance thermal comfort in
upcoming Demonstration
Housing Projects (DHPs) and
ARHCs (Affordable rental
housing complexes) and other
Public/Private housing
projects in East Cluster

Ministry of Housing and Urban Affairs

Std

4 )

|

WP 3: Inclusion of climate
resilience and thermal comfort
requirements in building
byelaws and Local
Government framework in
East Cluster

imieE giz
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- Project Objectives

-

050
"

WP 4: Capacity development
of Govt officials and private
stakeholders on thermal
comfort in the East Cluster
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THERMAR COMFOREL
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Thermal comfort is a mental
state that reflects happiness
with the thermal environment
and is measured by subjective
assessment.

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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You can increase morale and
productivity while also enhancing
health and safety by regulating
thermal comfort. Because their
capacity to make decisions and/or do
manual tasks  deteriorates in
excessively hot and cold conditions,
people are more prone to behave
unsafely

4
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People adjust their behavior to cope with their
thermal environment, such as by adding or
removing clothing, changing their posture
unconsciously, selecting a heating source,
moving closer to or farther away from
cooling/heating sources,and soon.

When this option (removing a jacket or moving
away from a heat source) is gone, issues develop
since people are no longer able to adjust. People
are unable to adapt to their environment in some
cases because the environment in which they
work is a product of the processes of the task they
are doing.

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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THERMAL COMFORT THERMAL DISCOMFORT THERMAL DISCOMFORT

Heat stress or cold stress, is where the

Broad satisfaction with the Thermal People start to feel uncomfortable i.e. thermal environment will cause
Environment i.e. most people are they are too hot or too cold, but are not clearly defined harmful medical
neither too hot nor too cold. made unwell by the conditions. conditions, such as dehydration or
frost bite

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Parameters

. »s”f“'
GLOBAL Wi
L i Doutsche Gesallschaft
T TECHNOLOGY - NI I Z Zusamm
ST FAAT-2TER a1 HIINIFEE Y " &= Zusammenar! bel( (Glz) GmbH
P i v Yot CHALLENGE INDIA Ministry of Housing and Urban Affairs : ma.

Government of India 3 I 1 E l

Factors affecting Thermal Comfort

PHYSICAL FACTORS PHYSIOLOGICAL FACTORS

Mean Radiant Temperature /\ Metabolic Rate

Air Temperature Clothing
Air Speed
Humidity

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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A1

Aair Temperature

Floor Surface
Temperature

GLOBAL
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PHYSICAL FACTORS

+

A2

AVean Radiant
Temperature

-+

A5

ARelative Humidity
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A3

ARadiant Temperature
Asymmetry

Auir Speed
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PHYSICAL FACTORS

Deutsche Gesellschaft
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AIR_ TEMPERATURE i the temperature  of the RADIANT TEMPERATURE

I _the heat that

air_surrounding __a body

The ideal temperature for sedentary work is usually

radiates from a warm object

~

Heat can be generated by equipment, which raises the
temperature in a specific region.

between
PHYSICAL
FACTORS
AIR VELOCITY i the speed of air moving HUMIDITY

across the worker

i_the amount of evaporated water

It's best if the air flow rate is between

-

humidity values of

in the air
Air -conditioning can easily attain ideal relative

/
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PHYSIOLOGICAL FACTORS

CLOTHING LEVEL METABOLIC RATE

Becauseit affects heat loss and, as a result, the thermal The rate at which chemical energy is converted into heat
balance, the amount of thermal insulation worn by a and mechanical effort by metabolic activities within an
person has a significant impact on thermal comfort. organism, commonly measured in units of total body
Layers of insulating clothing keep a person warm or cause surface area. People have different metabolic rates that
overheating by preventing heat loss. The better the can fluctuate due to activity level and environmental
insulating ability of a garment, the thicker it is in general. conditions..

Air movement and relative humidity can reduce the
insulating effectiveness of clothing, depending on the
type of material it is constructed of.

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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PHYSIOLOGICAL FACTORS

T-shirts, shorts, Light socks, Sandals 0.30
Shirt, Trousers socks, Shoes 0.70
Jacket, Blouse, Long skirt, stockings 1.00
Trousers, Vest, JacketCoat, Socks Shoes 1.50

CLOTHING LEVELS & INSULATION

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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PHYSIOLOGICAL FACTORS

Seated,Relaxed 1.0

Sedentary Activity (office, dwelling, school, laboratory) 1.2
Standing, Light Activity (shopping, laboratory, light industry) 1.6
Standing, Medium activity (shop assistant, domestic work, 2.0

machine work)

METABOLIC RATE

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Thermal Comfort Indices

Two of the thermal indices which find applications for hot environments are described as follows.

THERMAL INDICES

1. Effective Temperature (ET) 2. Tropical Summer Index (TSI)

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Thermal Comfort Indices

1 - Effective Temperature

AThe temperature of still, saturated air at which the same amount of heat is released is known as the effective
temperature.as well as a general influence on comfort the atmosphere is being investigated.

ATemperature, humidity, and other factors the same thermal output is produced by the same wind velocity. A
person's sensations are assumed to have a temperature that is effective.

Initially two scales were developed The same
effective
_ temperature is
Basic Scale Normal Scale of Effective defined as a
Temperature o
combination of

temperature,

humidity, and
wind velocity that

The other applies to men fully clad

(G2 O el TS 1D in indoor clothing and called the produces the
stripped to the waist and called the )
: normal scale of effective same thermal
basic scale. : :
temperature. B experience in an

individual.
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Thermal Comfort Indices

DT or &5— WBT.*C —45
Cr " ) N
— 40
CORRECTED EFFECTIVE TEMPERATURE N
(CET) - 3g
i g e
The use of globe temperature reading instead of the air —a0 O g
temperature reading to make allowance for the radiant - T
heat. 3 S
—25 g
c e
r SE
The scale was compiled only for men either seated or 2L
engaged in light activity. [ 8 £
S
- 5 g
e o =
B >
i 2
: LL
— B
o o =

a
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Thermal Comfort Indices

2 - Tropical Summer Index

The TSI is defined as the temperature of calm air at 50% relative humidity which imparts the same thermal sensation as the
given environment .The 50% level of relative humidity is chosen for this index as it is a reasonable intermediate value for
the prevailing humidity conditions.

Mathematically, TSI (°C) is expressed as

TSI=0 .308tw +0.745tg 1 206 vt 8

Where,

Tw Wet bulb temperature in °C
Tg Globe temperature in °C

V Air speed in m/s
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Thermal Comfort Indices

The ranges of environmental conditions and TSI covered in this study are:

Globe Temperature 20-42 °C
Wet Bulb Temperature 18-30 °C
Air Speed 0-2.5m/s

TSI 1540 °C

The thermal comfort of subjects was found to lie between TSI values of 25 and 30C with
optimum conditions at 27.5 °C.
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Thermal Comfort Indices
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The warmth of the
environment was found
tolerable between 30 and 34 °C
(TSI), and too hot above this
limit. On the lower side, the

coolness of the environment
was found tolerable between
19 and 25 °C (TSI) and below
19°C (TSI), it was found too
cold.
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Methods to find Thermal Comfort

[ Methods to find Thermal Comfort ]

PMV/PPD Methods Local Thermal Discomfort

Radian Temperature

Draft Floor Surface Temperature
Asymmetry
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Methods to find Thermal Comfort

1- PMV/PPD Methods

PPD
120
To describe comfort, the
PMV/PPD model was 00
constructed utilizing heat - \ on /
balance equations and \ o /
empirical investigations on 60
skin temperature. Subjects \ / —PPD
are asked to rate their 40
thermal comfort on a seven- \ /
point scale ranging from 20
cold (-3) to hot (+3) in | | | \ / | | |

standard thermal comfort
surveys.
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Methods to find Thermal Comfort

The comfort zone is determined by the combinations of the six parameters for which the PMV is within the recommended
range (-0.5PMV+0.5), with the PMV equal to zero denoting thermal neutrality. While anticipating a population's thermal
feeling is a crucial step in determining what conditions are pleasant, it is more vital to assess whether or not individuals wil |
be satisfied.

A
| | | | | |
| | | | | |
-3 -2 -1 0 L 2 3
coLD cooL Sty PMV SLGHILY WARM HOT
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It is critical to avoid local thermal discomfort, whether it is produced by a vertical air temperature difference between the
feet and the head, an asymmetric radiant field, local convective cooling (draught), or contact with a hot or cold floor. When
a person's thermal sensitivity is cooler than neutral, they are more sensitive to local discomfort, and when their body is
warmer than neutral, they are less sensitive.

LOCAL THERMAL DISCOMFORT

RADIANT
TEMPERATURE DRAFT
ASSYMETRY

FLOOR SURFACE
TEMPERATURE
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Local Thermal Discomfort
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A Large variances in the heat radiation of the
surfaces that surround a person might create
local discomfort or impair acceptance of the
temperature circumstances.

A The temperature disparities across diverse
surfaces are limited by ASHRAE Standard
55. Because some asymmetries are more
sensitive than others, such as a warm ceiling
against hot and cold vertical surfaces, the
limitations vary depending on which surfaces
are involved.

A The ceiling cannot be more than+5 °C (9.0

°F) warmer than the other surfaces, but a wall
can be up to+23 °C (41 °F) warmer . '

s

A
RADIANT
TEMPERATURE DRAFT A
ASSYMETRY
A
FLOOR SURFACE
TEMPERATURE

While air movement can be enjoyable and gh
pleasure in some situations, it can also be

unwelcomed and cause discomfort in others.

The undesired air movement is known as
"draught ," and it is most noticeable when the
complete body's thermal sense is cool.

A draught is most likely to be felt on exposed
body regions such as the head, neck, shoulders,
ankles, feet, and legs, although the sensation is

also affected by air speed, air temperature, /

activity, and clothing.

|

Depending on the footwear |, too hot or too cold floors
might be uncomfortable. In rooms where users will be
wearing lightweight shoes, ASHRAE 55 advises keeping floor

temperatures between 197 29 °C (661 84 °F).
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Methods to find Thermal Comfort

There will always be a percentage dissatisfied occupants.
Often it will be the same person, therefore the values should not be added

% - %

A <6 -0.2 <PMV < +0.2 <10
<10 -0.5<PMV < +0.5 <20
C <15 -0.7<PMV < +0.7 <30
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Shading & Glazing

Shading reduces internal heat gain through coincident radiation.

Natural

Overhangs Awnings Louvers Vertical Fins Light Shelves :
Vegetation

These can reduce cooling energy consumption by 1620%
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Shading & Glazing

In combination with high -performance glass with low
SHADING solar heat gain coefficient (SHGC), can reduce energy
consumption even further by cutting down or heat gain
through radiation

Thermal
Comfort

refers to the glass windowpanes that make up the
building envelope. Conduction and radiation are the
GLAZING  —— primary sources of heat gain via a window. radiation,
which can be regulated by defining the parameters
correctly. SHGC and U-value, respectively.

Climate Smart Buildings | LHP Ranchi | PMAY Urban



"/ GLOBAL ; 7/ %‘f"
T T HOUSING 4
ST AAT-9TE TECHNOLOGY sy
Pradhan Manti Awas Yjane-Uren CHALLENGE INDIA Ministry of Housing and Urban Affairs

4
! .P' Deutsche Gesellschaft
fir Internationale
\}”(}I élam Zusammenarbeit (61Z) 6mbH
Government of India 3' 1E| IE;IEH l

Controlled Ventilation

— Single Sided Ventilation

SINGLE SIDED VENTILATION CROSS VENTILATION STACK VENTILATION

— Cross Ventilation

- Stack Ventilation
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Controlled Ventilation

Designing windows and vents to dissipate warm air and
allow the ingress of cool air canreduce cooling energy
consumption by 10 -30%

Air Velocity range between 0.5 Drops temperature  at about 3
to 1 m/s O C at 50% relative Humidity
Office Environ ment Too High

Acceptable ( Especiallyif there is no

Home Environment : . .
resource to active air conditioning.)
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Controlled Ventilation

Natural ventilation takes advantage of the differences in air pressure between warm air and cool air, as well as convection
currents, to remove warm air from an indoor space and allow fresh cooler air in.

This also has the added advantage of cooling the walls and roofs of the buildings that hold significant thermal mass, further
enhancing the thermal comfort of the occupants

NATURAL VENTILATION

Even in hot-dry and warm-humid

With Breeze Alr Works Best climate zones where some air
conditioning may be required during
Fans can be used to improve the flow peak Thermal Comfort for All

Absence of natural breeze : idi i
of cool air summer, buildings can be designed

to operate in a mixed mode to enable
night ventilation and natural

ventilation  during cooler seasons ; ;

Natural ventilation promotes the on to ex

temperature, called adaptive thermal comfort
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Insulation

Heat

Conduction

takes place
through

Roof Walls Windows
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Cool Roofs

Cool roofs are one of the passive design options for reducing cooling loads in buildings. Cool roofs reflect most of the
sunlight (about 80% on a clear day)

38% heats the atmosphere 10% heats the environment
52% heats the city air 8% heats the city air
5% is reflected 80% is reflected

1.5% heats the building

Climate Smart Buildings | LHP Ranchi | PMAY Urban



. GLOBAL 4
.f Deutsche Gesellschaft
beicieil HOUSING I Z fiir Internationale
AT AAT-9TE TECHNOLOGY Zusammenarbeit (61Z) 6mbH
CHALLENGE ini i i . Gl
Prahan Menii s Yoae-Uten INDIA Ministry of Housing and Urban Affairs 3“1?'- Ilg‘-‘?\qa-

Government of India

Cool Roofs

In the summer, a typical cool roof surface temperature keeps
25-35°C cooler than a conventional roof, lowering the
internal air temperature by roughly 3-5°c and improving the

thermal performance

The comfort of the inhabitants is improved, and the roof's
lifespan is extended.

Cool roofs increase the durability of the roof itself by
reducing thermal expansion and contraction.

Apart from helping enhance the thermal comfort in the top

floor and helping reduce air -conditioning load , cool or

white roof or pavements also offer significant reduction in
urban heat island effect

The cities of Jodhpur and Jaipur is the extremely hot state of Rajasthan, where most of the city homes are painted in light b lue
and light pink  colours , are examples of practical application of this age -old traditional design style.
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A green roof is a roof of a building that is partially or completely covered with vegetation

— Absorbing Rain Water

— Providing Insulation

' Helping lower urban air
temperatures

Mitigating the urban
heat island effect
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