o GLOBAL 1 Deutsche Gessllschaft
‘P eutsche Gesellscha
beickeid ?&LLS&%TOGY (X I z fiir Internationale
ST THAT- 3T e Zusammenarbeit (61Z) GmbH
Pradhan Mank Awes Yana-Uan CHALLENGE INDIA Ministry of Housing and Urban Affairs

Government of India

GLOBAL

®\ HOUSING

il | TECHNOLOGY
CHALLENGE INDIA

RAC

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

| Date: 4th August 2022 |

| Venue: Hotel Le Lac Sarovar, Ranchi |



. GLOBAL 7/5

4
. HOUSING Deutsche Gesellschaft
T T TECHNOLOGY Gﬂ—\?ﬂ—a m pn fir In!ernationale( I
- o z rbeit (61Z) 6mb!
Tt CHALLENGE INDIA S1IC| T )F usammenarbei m

Pradhan Wt Avas Yjanz-Uen Ministry of Housing and Urban Affairs
Government of India

Climate Smart Buildings | LHP Ranchi | PMAY Urban



;‘ 4
Deutsche Gesellschaft

. GLOBAL
T T HOUSING s I Z fir Internationale
STATE AAAT-3T2 0 TECHNOLOGY e \3‘] G E EI Al Zusammenarbeit (61Z) GmbH
Pradhan Wt Avas Yjang-Uen CHALLENGE INDIA Ministry of Housing and Urban Affairs I‘B:]?\qa

Government of India I i EI

1938+ STAKEHOLDERS trained in 50 Trainings

NA across 17 States

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

Government

A Practitioners & Contractors &

wme Students

ﬁﬁ 495+ & 595+ 390+ 458+

officials

Rising global temperatures
A frightening reality in times of extreme weather
events like heatwaves.

India’s energy commitment
Housing for all mission needs to fulfill housing needs
without any compromise onenvironmental concerns.

Thermal comfort for all

Habitants need housing that is thermally comfortable
to live in - reducing the need for active cooling means
like AC/Desert coolers.

&I iofessionals Const. workers

@ Sevilorment GLBALS

3R, 9 135
/v & L2

The Climate Smart Buildings Project in partnership with Ministry of Housing
& Urban Affairs is hosting 75 trainings under the following categories:

22 Trainings for Built-environment professionals & Govt. Departments
13 Vocational Trainings

31 Trainings for Senior Govt. Dfficials & Policy makers

9 Awareness sessions for students

22 Additional Capacity Building Workshops

2 International knowledge exchange programs

Climate Smart Buildings | LHP Ranchi | PMAY Urban

Ministry of Housing & Urban
Affairs in partnership

with The Climate Smart
Buildings Project

is hosting 75

trainings and events

attended by over 2500

participants

across 30 cities

to raise awareness on
Thermal comfort in
affordable housing
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NEW AGE
INNOVAIIVE TECHNOLOGY

Climate Smart Buildings | LHP Ranchi | PMAY Urban



® GLOBAL Lo - g
e
) HOUSING Pl - ‘f'
- TECHNOLOGY - 3ﬂ\—y|-|a-
HAE™E -QIET& . N R EF)
Pt s YU CHALLENGE INDIA Ministry of Housing and Urban Affairs \-H-Jiﬂ- IIE:F\EIE[

Government of India

4
Deutsche Gesellschaft

I Z fir Internationale
Zusammenarbeit (61Z) GmbH

Light House Projects

Better quality of Houses built with
construction in an shortlisted alternate
efficient manner technology

g EEE I B S B B e B e

House built with speed,
economy

Green and sustainble

Climate Smart Buildings | LHP Ranchi | PMAY Urban

s
/

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
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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) — India

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Summary of Six Light House Projects (LHPs)

LHP Locatio Agartal
on Chennai Rajkot Indore Ranchi . Lucknow
(Tamil Nadu) | (Gujaraty | Madhya | o khana)  (1TiPura) e
Sl. No | Particulars Units J Pradesh) Pradesh)
Precast Monolithic Precast Light Gauge Steel
Name of Concrete Concrete Prefabricated Concrete Frame System | Stayin Place
1 Technolo Name Construction | Construction | Sandwich Panel | Construction | (LGSF)with Pre- | Formwork
&Y System-Precast | using Tunnel System System —3D | Engineered Steel System
Components Formwork Volumetric | Structural System
No. of Houses No. 1,152 1,144 1,024 1,008 1,000 1,040
No. of Floors No. G+5 S+13 S+8 G+8 G+6 S+13
4 Plot Area Sqm 33,596 39,599 41,920 31,160 24,000 20,000
Per House Carpet
5 Area P Sqm 26.58 39.77 20.04 29.85 30.00 34.50
6 Project Cost INR (in Cr) 116.27 118.90 128.00 134.00 162.50 130.90
Pe}" House cost INR (in
7 (with 10.09 10.39 12.50 13.29 16.25 12.58

infrastructure) Lakh)
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» There are 7 blocks in Ground + 8
conﬁ%uratlon with 1008 houses along
with basic and social infrastructure.

* Ground coverage of the project is 29.3%
and FAR is 2.21.

» Green space is 20%.

Typical floor plan

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

BED ROOM
3.275 X3.000

dn

Duct
LIVING 2.670X 2.070
3.585 X 3.170 \

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

Other special features:
*  Greenrating as per GRIHA
» Useofrenewable resources:
«  Rain water harvesting
«  Solarlighting
Solid waste management
STP with recycling of waste water
Fire Fighting System conforming to NBC

Each dwelling unit consists of one hall, one bed
room, a kitchen, WC, Bath and a balcony. The carpet
area of each unit is 29.85 Sq.mt. The sizes of
individual rooms & service areas conform to NBC
norms.
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Conventional Construction Systems

. The prevalent construction systems in India are: !
. Load bearing Structure !
i In this system, walls are constructed using'
.brlcks/stone/block masonry and ﬂoor/roof slabs are !
-of RCC/stone/composite or truss. It is cast in-situ|
-system and called load bearing system as load of'
Istructure is transferred to foundation and then to|
| t ground through walls.
: RCC Framed Structure
' In this cast in-situ system, the skeleton of a structure
' is of RCC column and beam with RCC slab. The infill
Walls can be of bncks/blocks/stone /panels. The load-
'of the structure is transferred through beam and:
' column to the foundation.
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HH Technology being Used

Precast Concrete Construction - 3D Volumetric

It is the modem 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 Construction Systems

- — -
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
— 1
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Alternate Construction Systems

—— —_—
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
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MAP SHOWING SIX DIFFERENT LHP LOCATIONS

Government of India

Ministry of Housing and Urban Affairs

ARUNACHAL
PRADESH

3 SIKKIM
] b
i 1 NAGALAND
RAJASTHAN , ASSAM
: :

Establishment of the Cluster Cell in
Ranchi, Jharkhand under Global
Housing Technology Challenge-

India (GHTC-India)”

/| ot Madirya Pradesh -
Gujarat Tripura .
- el S Jharkhand Bihar
DAMAN AND DIU
- MAHARASHTRA
ﬂ:“uxgu TELANGANA GLOBAL
HOUSING
L TECHNOLOGY
ANDHRA = CHALLENGE INDIA
PRADES
||
, 8
Chennai o
Tormi Nadku LHPs shall serve as LIVE Laboratories for
KERALA

different aspects of Transfer 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

| 3
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Replacing cast in situ RCC
structural frame with
factory made structural
components — 3D
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Customized factory-made
volumetric construction i.e.
the entire module (room)



. GLOBAL
Deutsche Gesellschafi
T T HOUSING el ‘P’ I Z Hsemmenert
ST AAAT-STE TECHNOLOGY e I ANNSIglasr 0 HIIIITFEME Y R &= Zusammenar b t(EIZ) 6mbH
Pradhan Wt Avas Yjang-Uen CHALLENGE INDIA Ministry of Housing and Urban Affairs

Government of India

LHP-RANCHI (Precast Concrete Construction System — 3D Volumetric)

Advantages

= Upto 90% of the building work including finishing is complete in plant/casting yard leading to significant reduction
in construction & occupancy time

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

= 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.

= With smooth surface it eliminates use of plaster
= The monolithic casting of walls & floor of a building module reduces the chances of leakage

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

= Use of optimum quantity of water through recycling

= Use of shuttering & scaffolding materials is minimal

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)

/‘[ 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 —
2D planar elements

w1

_..l....‘:'r

—{ai-

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

P N;w
. A

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

Advantages

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

Inbuilt eco-friendly 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.

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

Wooden shuttering material is completely avoided and wastage of other construction materials reduced
significantly; which results in to conservation of scarce natural resources like soil, sand, aggregate, wood etc.

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)
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PRE-ENGINEERED STEEL
STRUCTURAL SYSTEM

Replacing cast in situ RCC
structural frame with
factory made steel (hot
rolled) structural system
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| Steel skeleton with Aerocon panel infills
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LIGHT GAUGE STEEL
STRUCTURAL SYSTEMS

VR

Replacing cast in situ
RCC structural frame
with factory made light
gauge steel (cold rolled)
structural system
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LHP-AGARTAILA (Light Gauge Steel Structural System & Pre-engineered Steel Structural System)

Advantages

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

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

= Speedier
= Structure beinglight, does not require heavy foundation

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

= Structure can be shifted from onelocation to other with minimum wastage of materials.
= Steel used can be recycled multiple times

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

(Technology: Prefabricated Sandwich Panel System & Pre-Engineered Steel Structural System)

BT
il )

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

« EPS Core Panel Systems

« Other Sandwich Panel Systems
— Fibre cement board
— MgO Board
— AAC panels

Reinforced EPS

230 MM Clay Brick Wall

Stay-in-Place
Coffer
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« Replacing brick and mortar
walls with dry customized walls
made in factory
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LHP-INDORE (Prefabricated Sandwich Panel System)

Advantages

= The system is dry walling system, brings speed in construction, water conservation (no use of water
for curing of walling components at site).

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

= 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 StrHCtural 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- LUCKNOW.

\ =
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Modular Tunnel form

»  Tunnel formwork is a mechanized system for 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 a single day.

» The formwork is set up for the day’s pour 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 subsequent phase.

> Here the walls and slabs are cast in a form of a
tunnel leaving two sides open whereas in monolithic
concrete construction the entire room is cast in a
single pour..
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STAY-IN-PLACE FORMWORK SYSTEM

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

o It is 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

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 g i T -
interlock together to create continuous [ L | ‘ S
formwork with the two faces of the wall SEEEERNY " | m-“_(w
connected together by continuous web § g A i \ TG

members forming hollow rectangular | ¢ g s

o UL ' ' ‘“’A‘,./A/ '
component, The b members e 7 AT

punched with oval-shaped cores to allow il
easy flow of the poured concrete between 1k “
the components. "

A

\ \ \
DA nuadakah

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

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

= 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.

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

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

= With concrete as filling material, the curing requirement of concrete is significantly reduced, thus saving in precious
water resources.

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

options.

= The system provides advantages in terms of structural strength, durability enhancement, weather resistance, flexural
strength, thermal insulation and ease of 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

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

Formwork material is Aluminum
/ composites / steel having 100 to
500 repetitions

Assembly line constructioni.e.
placing the formwork, pouring
the concrete, moving the
formwork to upper level

Government of India
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LHP-RAJKOT (Monolithic Concrete Construction using Tunnel Formwork)

Advantages

Facilitates rapid construction of multiple/ mass modular units (similar units)
Results in durable structure with low maintenance requirement
The precise finishing can be ensured with no plastering requirement

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

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

The large number of modular units bring economyin construction.
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Break: 10 minutes
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Growing Opportunities with Rapid Urbanization

Urban and rural population
India

® Urban M Rural Urban population by size class of urban settlement

India
W10 million or more M5 to 10 millien W1 to 5 million
500,000 to 1 million 300,000 to 500,000 Below 300,000
1500-
600,000-
1000- )
T 400,000-
[0
£
£
= 70 cities
-E 94 cities
© "
500 2 ;? cl'1t]'es iti i i i
S 200000 ciies Cities, which will contribute over
e 80% to GDP by 2050, need to be
40 cities . .
Receptive, Innovative, and
Productive to foster sustainable
o : 0 growth and ensure a better
19:0 1975 2000 2025 2050 1690 2018 2030 quality of living
Year 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 KachhaHouses | National Urban | Distribution of

60.00

)]

55.5 534 55.2
50.00 44.145.1 povertyline in in Urban Areas housing housing shortage (in
39.9 s
40.00 35.2 = Urban Areas shortage Millions)
30.00
w 500000 118126 3.35 0.63
20.00
10.8 115 113 m 933333 230961 6.31 1.19
10.00 4.
I . I West Bengal 1302083 3118 7.08 1.33
B Good(%) M Satisfactory(%) ™ Bad (%)

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

| sme  owed Jhires  [amomer | INDUSTRY, INOVATION

1 SUSTAINABLE CITIES 1 3 CLIMATE

£0.50% 21.50% - 60% ANDINFRASTRUCTURE AND COMMUNITIES ACTION
72.60% 25.90% 1.60%
54.10% 39.10% 6.80% A —
West Bengal 74.20% 21.50% 4.40% " E
Ownership of HH, Urban India

* Handbook of Urban Statistic by NITUA2018
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Energy demand with Rapid Urbanization

2030

= Industry = Residential = Commercial = Agriculture = others

1066 TWh = Industry = Residential = Commercial Agriculture = others

2239 Twh

Residential Buildings: Fast Growthin 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?

“Housing affordability is an expression
of the social and material experiences of
people, constituted as households, in
relation to their individual housing
situations”- Michael E Stone

Affordability is an expression of the
challenge each household faces in balancing
the cost of its current or potential housing
and its other expenditures, within the limits
of the household’s income.

Major Factors*:

* household income level,

* dwelling unit size

» The proportion of overall household
expenditure on housing and related expenses

* Reference: Wadhwa Committee, 2009, Ministry of Housing and Urban Poverty
Alleviation

Income Income EMI percentage of | Dwelling
Group range (INR) | monthly income Units Size
(sq. m)

Below 0.3
million
LIG 0.3-0.6 30-40 60
million
MIG-I 0.6-1.2 30-40 160
MIG-II 1.2-1.8 30-40 200

(PMAY(U) Guideline 2021)

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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What constitutes housing expenditure?
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Total

Fuel Consumptionin Urban Areas

O .
HO“Slng nd Co Firewoods & (Natlonal Sample Survey 68th
o % . chips Roundhousehold survey)
Expenditure : 7%
0 on Co
a1 down payment to a LPG
* Reference: Deepak 0 o finance
Parekh Committee, - o1 Co o
2008, Ministry of o - .
Housing and Urban Sl = LPG
Poverty Alleviation = Kerosene
= Electricity
= Firewoods & chips
Recurring Cost:
. Electricity
Fuel (excluding transport) 53% Kerosene
Water 6%

Oo&M
Repair
EMI interest payment

The India Cooling Action Plan estimates that, as of 2017-18, 10% of
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
Sustainable development through

planning, development and reforms for
achieving Urban Transformation.

G
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PMAY-U projects

Construction of affordable housing in Partnership
with Public & Private Sectors

Promotion of affordable Housing through Credit
Linked Subsidy

Slum rehabilitation with private developers
usingland as a resource

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

11.2 million 10 lak}l
dwelling units are 7-35 1akh crores occupants in the
being constructed Investment EWS/LIG category

benefitting

All-weather
housing units with
Water, Kitchen,

Electricity and ™
Toilet

Adequate physical
and social
infrastructure

Women
empowerment

PMAY (U)
Features

Better quality
j_ of life for
‘ J‘ Urban Paor

Key features of PMAY-U projects

Security of
Tenure

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Pradhan Mantri Aawas Yojana (Urban):

ISSR (In-Situ Slum

Redevelopment)

+ Aimstoleverage thelocked potential ofland to
provide houses to the eligible slum dwellers

CLSS (Credit Linked
Subsidiary Scheme)

- Demand-side intervention

« Homeloansat subsidizedinterestrate for the
EWS/LIG/MIG-1/MIG-2 households

BLC (Beneficiary-
Led

Construction)

For households of EWS
categoryrequiring individual
houses

PMY(U)

AHP (Affordable
Housingin
Partnership)

Supply-side intervention
Central assistance for EWS

Climate Smart Buildings | LHP Ranchi | PMAY 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
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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, eco-friendly, and disaster-resilient.

54 Innovative Light House
: Construction rojects with 6
GHTC-India hoologi pIro)
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 Assembled at Site System Cast Volumetric

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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About the project-“Climate Smart Buildings (CSB): Establishment
of the Cluster Cell in Ranchi, Jharkhand under Global Housing
Technology Challenge-India (GHTC-India)”

States and UTs in East Cluster for establishing the Cell:

Bihar Odisha

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

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

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

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
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Climate Smart Buildings Programme (ICEN-CSB)

Reduce the demand
for air-condition by
30-40%

Government
of India/
MoHUA

Curtail 30 metric

Affordable tones of CO2

Support the
. Improve healthand il commitment of Gol
Clinate wellbeing of people towardsreducing
Smart CO2 emissions
Building
he Federal Climate flcene
Ministryof Resilient Com fortable
Economic COz
Cooperation(
BMZ), 1
Germany/
GIZ
Key features ofa CSB Results of a Climate responsive
building design

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Climate Smart Buildings (CSB) - Project Objectives

4 N/ N N/ )

R (S}

— 107 - 269
. R

WP 2: Technical assistanceto

enhance thermal comfort in WP 3: Inclusion of climate
WP1: Facilitate upcoming Demonstration resilience and thermal comfort || WP 4: Capacity development
implementation and Housing Projects (DHPs) and requirements in building of Govt officials and private
monitoring of Light House ARHCs (Affordable rental byelaws and Local stakeholders on thermal
Projects (LHPs) housing complexes) and other Government framework in comfortin the East Cluster
Pub%ic /Private housing East Cluster

projects in East Cluster

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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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
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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 so on.

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
Environmenti.e. most people are they are too hot or too cold, but are not clearly defined harmful medical
neither too hot nortoo 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
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Factors affecting Thermal Comfort

PHYSICAL FACTORS PHYSIOLOGICAL FACTORS
- Mean Radiant Temperature /\ Metabolic Rate
Air Temperature Clothing
Air Speed
3 Humidity .
]

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Parameters
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PHYSICAL FACTORS

+ + +
-01 02 03
*Air Temperature *Mean Radiant *Radiant Temperature
Temperature Asymmetry
+ + +
05 -06
Floor Surface *Relative Humidity *Air Speed
Temperature
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FACTORS

-~

AIR TEMPERATURE — the temperature of the
air surrounding a body

The ideal temperature for sedentary work is usually
between

~

RADIANTTEMPERATURE —theheatthat
radiates from a warm object

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

PHYSICAL
FACTORS

AIRVELOCITY —the speed of air moving
across the worker

It's best if the air flow rate is between

N

HUMIDITY — the amount of evaporated water
in the air

Air-conditioning can easily attain ideal relative

humidity values of

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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PHYSIOLOGICAL FACTORS

CLOTHING LEVEL METABOLIC RATE

Because it affects heat loss and, as a result, the thermal
balance, the amount of thermal insulation worn by a
person has a significant impact on thermal comfort.
Layers of insulating clothing keep a person warm or cause
overheating by preventing heat loss. The better the
insulating ability of a garment, the thicker it is in general.
Air movement and relative humidity can reduce the
insulating effectiveness of clothing, depending on the
type of material it is constructed of.

e

The rate at which chemical energy is converted into heat
and mechanical effort by metabolic activities within an
organism, commonly measured in units of total body
surface area. People have different metabolic rates that
can fluctuate due to activity level and environmental
conditions.

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, Jacket Coat, 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



[om=

® GLOBAL 1 Deutsche Besellschaft
eutsche Gesellscha’
it HOUSING H# e I Z fiir Internationale
g TECHNOLOGY Zusammenarbeit (61Z) GmbH
ST AT . . . <hl
Pt s YU CHALLENGE INDIA Ministry of Housing and Urban Affairs \}pia- IIT;:F\EIE[

Government of India

Thermal Comfort Indices

1 - Effective Temperature
« The 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.

« Temperature, 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 . .
combination of
temperature,
humidity, and
one of which referred to men The other applies to men fully clad wind velocity that
. . in indoor clothing and called the produces the
stripped to the waist and called the Lscale of effecti
e edEe. normal scale of effective same thermal
temperature. B experience in an

individual.

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

OBT or 45— WET:AC — 45
GT °C 1 -
CORRECTED EFFECTIVETEMPERATURE i o
(CET) 35
The use of globe temperature reading instead of the air — 30
temperature reading to make allowance for the radiant -
heat. '-
N 25
The scale was compiled only for men either seated or 20
engaged in light activity.
15
10
5
ok 0 ~0

a
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Figure represents the Corrected Effective
Temperature (CET) Nomogram
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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 — 2.06VV + 0.841

Where,

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

\% Air speedin m/s

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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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 15-40°C

The thermal comfort of subjects was found to lie between TSI values of 25 and 30°C with
optimum conditions at 27.5°C.
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Thermal Comfort Indices

The warmth ofthe
environmentwas found
tolerable between 30 and 34°C

0.5 1.4 (TSI), and too hot above this
limit. On thelower side, the

coolness of the environment
1.0 2.0 was found tolerable between
19 and 25°C (TSI) and below

19°C (TSI), it was found too

1.5 2.5 cold.
2.0 2.8
2.5 3.2
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Methods to find Thermal Comfort

[ Methods to find Thermal Comfort J
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

[HEN
N
o

To describe comfort, the
PMV/PPD model was
constructed utilizing heat-
balance equations and
empirical investigations on
skin temperature. Subjects
are asked to rate their
thermal comfort on a seven-
point scale ranging from

cold (-3) to hot (+3) in \ /
standard thermal comfort
surveys.

/
//
AN

N\

N\

—PPD

V
\

N
o

C
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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 will
be satisfied.

A
| | | | | |
| | | | | |
- _ -1 1
COLD COOL SLéggiLY PMV S%ilg/}x WARM HOT
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It is critical to avoid local thermal discomfort, whetherit is produced by a vertical air temperature difference between the
feet and the head, an asymmetricradiant field, local convective cooling (draught), or contact with a hot or cold floor. When
a person's thermal sensitivityis 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

+ Large variances in the heat radiation of the
surfaces that surround a person might create *  While air movement can be enjoyable and gi‘h
local discomfort or impair acceptance of the pleasure in some situations, it can also be
temperature circumstances. unwelcomed and cause discomfort in others.
RADIANT
«  The temperature disparities across diverse Tilglsl"l;ﬁ%ig;{E DRAFT *  The undesired air movementis known as
surfaces are limited by ASHRAE Standard "draught," and it is most noticeable when the
55. Because some asymmetries are more complete body's thermal sense is cool.
sensitive than others, such asa warm ceiling
against hot and cold vertical surfaces, the LT BT TR * A draught is most likely to be felt on exposed
limitations vary depending on which surfaces TEMPERATURE body regions such as the head, neck, shoulders,
are involved. ankles, feet, and legs, although the sensation is
also affected by air speed, air temperature,
«  The ceiling cannot be more than +5 °C (9.0 K activity, and clothing. /
°F) warmer than the other surfaces, but a wall
can be up to +23 °C (41 °F) warmer. v

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 19—29 °C (66—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
B <10 -0.5<PMV< +0.5 <20
C <15 -0.7<PMV < +0.7 <30
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Measures to Improve Thermal Comfort

Measures to Improve Thermal Comfort

SHADING &
GLAZING

CONTROLLED
VENTILATION

~

)

\
INSULATION GREEN ROOFS
Y,
4 ~% 0
COOLROOFS Q”“Q"
gooao a
\ -—
Y | Fd

-O-
V g
QA
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Shading & Glazing

Shading reduces internal heat gain through coincident radiation.

Natural

Overhangs Awnings Louvers Vertical Fins  Light Shelves L ——

These can reduce cooling energy consumption by 10-20%
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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.
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Controlled Ventilation

-
=
Z
-
7))
ca
-
ea
A
g
<)
Z
=
-
-
-
-
A

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 can reduce cooling energy
consumption by 10-30%

Air Velocity rangebetween 0.5 Drops temperature atabout3

to1m/s OC at 50% relative Humidity
Office Environment Too High

Acceptable ( Especially if there is no

Home Environment S e
resource to active air conditioning.)
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Controlled Ventilation

Natural ventilation takes advantage of the differencesin 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

NATURALVENTILATION

Even in hot-dry and warm-humid
climate zones where some air-
conditioning may be required during
peak Thermal Comfort for All
summer, buildings can be designed
to operate in a mixed mode to enable
night ventilation and natural
ventilation during cooler seasons

With Breeze Air Works Best

Fans can be used to improve the flow

Absence of natural breeze 5
of cool air

Natural ventilation promotes the occupants’ adaptation to external
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
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Cool Roofs

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

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

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

Apart from helping enhance the thermal comfortin the top

floor and helping reduce air-conditioningload, cool or

white roof or pavements also offer significant reduction in
urban heatisland effect

The cities of Jodhpur and Jaipur is the extremely hot state of Rajasthan, where most of the city homes are painted in light blue
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

GREEN ROOFS PURPOSE

Climate Smart Buildings | LHP Ranchi | PMAY Urban



' GLOBAL 4
.f" Deutsche Gesellschaft
e ST HOUSING 0 I Z fiir Internationale
ST - TECHNOLOGY P \3-] {;—' é | ol Zusammenarbeit (61Z) 6mbH
h CHALLENGE INDIA Ministry of Housing and Urban Affairs - W

ihan Want Avs Yojane-Urban
Government of India G:IHH

Green Roofs

During cooler Winter Months Retain their heat

During hotter Summer Months Reflecting and absorbing solar radiations
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Thermal Comfort in Affordable Housing

70% of the buildings needed in India by 2030 have yet to be constructed.
Maintaining the status quois pointless, and there is a huge opportunity to
properly incorporate passive design strategies across our built environment.

Passive solutions for thermal comfort in buildings can greatly reduce cooling,
ventilation, and lighting requirements

Lessreliance on mechanical cooling/heating approaches reduces the
generation of surface ozone, resulting in better air quality

Building techniques that are more sensitive will tend to reduce disparities in
thermal comfort between different income classes as more people become aware
of the benefits of sustainable building design.
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Impact of Thermally
Comfortable Affordable Housing

Thermal comfort in housingis one of the key

pillars to achieve India’s National Cooling

Action Plan target of reducing cooling energy = Thermal
need by 20-40 per cent by 2037-38. comfort

housing can
. . have
Overview of affordable housing numerous
positive
sector impacts

Ministry of Housing and Urban Affairs

Government of India

households in India
are estimated to be
living in slums

current housing
shortage in Urban
areas

current housing
shortage in Rural
areas

housing shortage in
Rural areas is
mainly in
affordable segment

4
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Lower operational costs for the economically weaker
sections

Broader market & outreach for the sustainable material &
technology market

Social benefits rising from belter comfort conditions like
boost in academic performance of kids, improvement in
quality of life of the women

Boost to meet the targets of Paris Agreement & achievement
of sustainable development goal specially number 3, 11 & 13

Better health and well being of the occupants
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Passive Strategies & Building Physics

Passive Measures

Level of Response

4 )

Temperature, rainfall, wind direction,

sun radiation, humidity, and other Block

environmental factors are taken into
consideration when designing.

Climatic
one

Level
Level

-

4 )

To take advantage of the positive aspects
of the site and its microclimatic features
while minimising the negative aspects.

- J
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Interaction of the block with its

~

surroundings and plants to ensure that it

has adequate heating, ventilation, and
lighting.

)

-

-

Design solutions that influence heat,
light, and ventilation based on climatic
variables at the unitlevel.

~

)
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Passive Strategies & Building Physics

{
{
{

Climatic Zone Level
4 ™\
] Heating/Cooling Heating/Cooling
Site Level
Ventilation Ventilation
- Y,
Block Level
Lighting Lighting

Unit Level J
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Passive Measures — Climatic Zone Level

Vernacular / traditional architectural typologies that respond to the region's distinct
environment are best exemplified.

« In Ladakh, earth architecture « In Rajasthan, courtyard havelis « In Kerala, sloping
with thick walls and limited take advantage of pressure roofs are used to
windows provides optimal differences and reciprocal guard against severe
insulation. shading to provide natural rains.

cooling and ventilation.
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Passive Measures — Site Level

Reducing the 'heat island' effect with
approaches like:

Courtyards / open courts are often surrounded by
construction.

Taking advantage of block mutual shading
Using site massing to create wind passageways

lowering the amount of hard paving to allow for
water absorption

Using complementary vegetation to manage the
amount of sunlight that gets through as the
seasons change
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evergreen tress spaced at a
distance for shading east

ind to the buildi
| wind to the building facins‘vva"S

y plantation for funneling

Planting trees in the right places to

provide shade and ventilation can

significantly reduce the severity of
intense weather. During

. : trees should be at a distance ) . deciduous trees
-
heatwaves mn Adel,alde’ ,a research from the north facing side to "2 that can provide
found that districts with more allow daylight solar access during
vegetation cover remained cooler winter alongwith
b 6°C deep verandahs on
yup to . south side for
evergreen, closely spaced
trees and shrubs for shading
west facing walls
WINTER SUMMER -~ //
“/ ;8 Gr?ss cover
OO0 Siel . 3 g
0O oo E )
\ « Daytime land
temperature (°C) |
deciduous trees allow sun penetration in winter and block sun access during %
summer

s Migh - 50

o 25 Land cover (%) 75 - 100
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Passive Measures - Block Level

Arrange the blocks so that mutual shade is obtained, avoiding solar heat buildup throughout the summer.

JE =

closely placed forms

I‘ = \

HEATING/COOLING

' 4
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Passive Measures - Block Level

In harsh climate zones, reduce the surface area to building volume and perimeter to area ratios to reduce solar
radiation exposure.

Minimise S/V ratio in extreme climates

"7

increase compactness by reducing
surface area for the same volume

Minimise P/A ratio in extreme climates

O« <« =<0

HEATING/COOLING
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Passive Measures - Block Level

Wind shadows should be avoided by building orientation.

—=nl 8> T,
i TR

i 5t

v

if a site has multiple buildings, they should be arranged in staggered layout helpsin
ascending order of their heights and be built on stilts accentuating wind movement
to allow ventilation

VENTILATION
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Passive Measures - Block Level

Wind flows can be harnessed by constructing courts and catchment zones of various sizes. This can help to improve
airflow and provide a cooling effect for the blocks.

(a) Isolated roughness flow

. . / \
; ""/‘;// )

e W >

(b) Wake interference flow (c) Skimming flow

)

Climate Smart Buildings | LHP Ranchi | PMAY Urban

VENTILATION




| GLOBAL ) ;‘ ) 4
) HOUSING L g Deutsche Gesellschaft
T T fir Internationale
ST ATAAT-9Te TECHNOLOGY Zusammenarbeit (61Z) GmbH
Pradhan Wt Avas Yjanz-Uen CHALLENGE INDIA Ministry of Housing and Urban Affairs \-H-Ji?l- W

Government of India

Unit Level — Forms and Orientation

- 4pm
Sun radiation penetration patternsand, o
as a result, heat uptake and lossin a <
building are affected by changes in solar 6‘//
route during different seasons. E
N
Q
Internal layout is of the courtyard type, f

Wesf
’

which is rather compact. Reduced sun
exposure on East-West external walls to
reduce heat gain.

If planned and situated on the east and,
especially, the west end of the structure,

non-habitable rooms (stores, bathrooms,
etc.) can be efficient thermal barriers.
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Unit Level — Forms and Orientation

4

High walls block the sun, resultingin Cool air | Psdiayon to
significant portions of the inner : g4
surfaces and courtyard floor being ot f (B 1 | (| e
shaded during the day. Cocl ey
The dirt beneath the courtyard will : 57 N
extract heat from the surrounding 11 o s '
places and remit it to the open sky Mf’??m &
during the night, resultingin cooler Dt % < = =
air and surfaces.
Radiation to cloor sky Night
[ =1 ]
e <
Condoction theough ground

HEATING/COOLING
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Unit Level — Thermal Mass

Thermal mass can be combined with night-time convective cooling, sometimes known as "night cooling," to
passively cool buildings.

Thermal mass as a passive cooling and heating approach requires a large diurnal swing.

Sesaanencses

~ Thermal mass in the solar chimney
will warm air during daytime.

.the chimney he

haust warmer air.

L LI CE Y

=

- — S—

precast concret

waeane
3
——
T
&
!
0
b
J
4

s
I —

to carry water
for night purge

NOCTURNAL COOLING

Heat gain through solar radiation, occupants & equipment is stored Water or outside air is passed through the building at night

in the thermal mass during daytime. Concrete slabs, precast ceiling

HEATING/COOLING

to carry the heat stored in the thermal mass during daytime.

panels, heavy weight mass walls, can add thermal mass to buildings.
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Unit Level — Shading

Shade-producing plants, such as creepers, \ INEFFECTIVE
can be used.

\\
\ |
Fenestrations and shades/chajjas can be )
built to maximise solar radiation depending \
on the environment. \

HEATING/COOLING
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ORIENTATION:

Buildings can be orientated in relation to the prevailing wind direction at angles ranging from 0° to 30°.

In buildings with a courtyard, positioning the courtyard 45 degrees from the prevailing wind maximises wind
flow into the courtyard and improves cross ventilation in the building (in climates where cooling is required).

CREATING PRESSURE DIFFERENCES:

A 'squeeze point' occurs when wind enters through a smaller opening and escapes through a larger opening.
This generates a natural vacuum, which speeds up the wind.

The total area of apertures should be at least 30% of the total floor space.
The window-to-wall-ratio (WWR) should not exceed 60%.

VENTILATION
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INFOSYS — POCHARAM CAMPUS

LOCATION }gDLENR‘éﬁ‘;R’
COORDINATES 17°N,78°E
OCCUPANCY TYPE OFFICE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 27,870 m?

B

Given the high-standards in terms of building design achieved
atthe SDB1in Hyderabad, ithas now been showcasedin the
'Best Practices Guide for High Performance Indian Office
Buildings' by Lawrence Berkeley National Lab, a U.S.
Department of Energy (DoE) National Laboratory.

A )
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The Indian Green Building Council
(IGBC) has given Infosys, a worldwide

consulting and technology firm, the
LEED (Leadership in Energy and
Environmental Design) India 'Platinum’
designation for its Software
Development Block 1 (SDB 1) at its
Pocharam site in Hyderabad, India.
- e
Indoor
Energy efficiency environment
quality

building in India to deploy unique
Climate Smart Buildings | LHP Ranchi | PMAY Urban

Radiant-cooling technology, setting new
norms for energy efficiency in building
systems design.
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GODREJ PLANT 13 ANNEXE

LOCATION VAT AR ACTERA
COORDINATES 19°N,73°E
OCCUPANCYTYPE OFFICE — PRIVATE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE WARM AND HUMID
PROJECT AREA 24,443 m?
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GODREJ PLANT 13 ANNEXE

CII-
IGBC accredited Net Zero Energy Building.

mixed-use office/convention center

IGBC Platinum
grade in the EB (Existing Building)

BEE 5 Star Rating
'Energy Performance Award'

"Excellent Energy Efficient Unit."
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INDIRA PARYAVARAN BHAWAN, MOEF

7_’,[/'- = j ‘-
== ‘%
= By
LOCATION NEW DELHI < \ L
' ,mn 1
gﬂllﬂﬂ i R
COORDINATES 29°N,77°E B
OCCUPANCY TYPE OFFICE & EDUCATIONAL
TYPOLOGY NEW CONSTRUCTION
4 The Indira Paryavaran Bhawan is now India's most )
CLIMATE TYPE COMPOSITE environmentally friendly structure.
were awarded to the project. The
structure has already received accolades, includingthe MNRE's
PROJECT AREA 9565 m?2 Adarsh/GRITHA Award for Outstanding Integration of Renewable

\_ Energy Technologies. )
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INDIRA PARYAVARAN BHAWAN, MoEF

net zero criterion

on-site installed high
efficiency solar panels

ample natural light,
shade, landscape toreduce ambient
temperature, and energy-efficient active
buildingtechnologies

EPI —
44KWh/m?/yr

Indira
Paryavaran Bhawan utilizes 70% less energy.
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JAQUAR HEADQUARTERS

LOCATION MANESAR HARYANA
COORDINATES 28°N, 77° E
occupvorive  COROMAITEAND
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE COMPOSITE
PROJECT AREA 48000 m?
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anetzero campus
LEED Platinum (USGBC) rating
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ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

LOCATION N
COORDINATES 28°N, 76° E
OCCUPANCYTYPE HOSTEL
TYPOLOGY NEW CONSTRUCTION
CLIMATETYPE HOT AND DRY
PROJECT AREA 5574 m?2
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ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

Climate Smart Buildings | LHP Ranchi | PMAY Urban



. GLOBAL 4
m .f" Deutsche Gesellschaft
e ST HOUSING I fiir Internationale
SN TECHNOLOGY - IS Z Zusammenar boit (612) 6mbH
PranMar v Yore e CHALLENGE INDIA Ministry of Housing and Urban Affairs : Il's:l?\qir
Government of India 3 I 1 E l

ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM
LOCATION Ggfgfﬁ r

COORDINATES 28°N, 76° E
OCCUPANCYTYPE HOSTEL ae R E—
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 2322 m?2
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ST. ANDREWS GIRLS HOSTEL BLOCK, GURUGRAM
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AKSHAY URJA BHAWAN HAREDA

LOCATION RN
COORDINATES 30°N, 76° E
OCCUPANCYTYPE OFFICE - PUBLIC
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE COMPOSITE
PROJECT AREA 5100 m?
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AKSHAY URJA BHAWAN HAREDA
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SUN CARRIER OMEGA

LOCATION BHOPALM.P.
COORDINATES 23°N,77° E
OCCUPANCYTYPE OFFICE — PRIVATE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 0888 ft>
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LOCATION BHUBANESWAR.
COORDINATES 20°N, 85° E
OCCUPANCYTYPE OFFICE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE WARM AND HUMID
PROJECT AREA 15,793.5 m?
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UZ2-C

THERMAL COMFORT
viodels
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Thermal Comfort Standards

W e
ASHRAE - 55 2 -
ECO-NIWAS SAMHITA 2018 ECO-NIWAS SAMHITA 2021 ‘ "
(Energy Conservation Building Code for Residential Buildings) (Code Compliance and Part-Ii: Electro-Mechanical and
Renewable Energy Systems)

S 0 @
Q

PART I: BUILDING ENVELOPE

National Building Code - 2016

Handbook of Functional Requirements of Buildings
1987 by BIS

Eco Niwas Samhita Part 1 and Part 2

EcoNiwas Samhita 2018 EcoNiwas Samhita 2021
Part 1: Building Envelope Code Compliance and Part 2

2018-19

‘ ISHRAE — Indoor Environmental Quality Standards
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Meeting the standards for Thermal Comfort

ASHRAE standard 55, Thermal Environmental condition for Human Occupancy

ISO 7726:1998

ISO 7730:1994

-

Ergonomics of the Thermal Environment — Instruments for
measuring Physical quantities

J

-

.

Moderate Thermal Environments — Determination of the PMV and
PPD Indices and specification of the conditions for Thermal Comfort

~

J
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ASHRAE 55

Air Temperature &
Humidity Walls
2z :
= — Radiant Temperatures
Q.‘ . .
g2 Ceilings
O's
e0'a, [— Floor Temperature .
5 E Daily & Seasonal
B0 T Changes
& g | Vertical Temperature
S & Difference
2E
2 Occupant age
é — Drafts (Air Velocity)
Occupant adaptability

— Secondary Factors
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68°F to 76°F
60% to 30% RH
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Winters Summer
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ASHRAE 55

Human Comfort Range
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74°F to 80°F
60% to 30% RH
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Body Regularity Mechanism

DEEP BODY
TEMPE\LRATURE
370
392 350
Convection
Conduction .
. . Evaporation
Radiation . .
.. Radiation
Shivering )
. Convection
Basel — Metabolis .
. Conduction
Activity
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Body Regularity Mechanism

The Thermal balance of the body can be shown by following equation, if the heat gain and lost factors are

Met = Metabolism (basel and muscular)

Cnd = Conduction (contact with warm bodies)

Gain . . .
Cnv = Convection (if the air is warmer than skin)
Red -= Radiation (from the sun, the sky and hot bodies)
Cnd = Conduction (contact with cold bodies)
. Cnv = Convection (if the air is cooler than the skin)
0SS

Red = Radiation (to night sky and cold surface)

Evp = Evaporation (of moisture and sweat)

Then Thermal Balance exist when:

Climate Smart Buildings | LHP Ranchi | PMAY Urban



® GLOBAL 7/%*
: HOUSING
wa;mqgw_;ﬁﬂ TECHNOLOGY 2
P A Yoreen CHALLENGE INDIA Ministry of Housing and Urban Affairs

.f—' Deuts h s u
o Z
w1 HIINFEL | Y Y &= 7usammenar bslt(EIZ)Eth
Government of India El 3“

Body Thermal Balance

The body generates heat on a constant basis. The majority of the metabolic processes involved, such as tissue
formation, energy conversion, and muscular effort, are all exothermic. Food ingestion and digestion provide
the energy required, and metabolism refers to the process of converting food into living matter and usable
energy.

METABOLIC HEAT PRODUCTION

BASEL Heat Production of Vegetative, automatic
METABOLISM process
MUSCULAR Heat Production due to consciously controlled
METABOLISM work

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Body Thermal Balance

Only 20% of the heat generated in the body is used, thus any excess heat must be evacuated.

The mechanism by which the human body maintains its core internal temperature is known as
thermoregulation.

Homeostasis is the state of having a constant internal temperature. All thermoregulation systems aim to
bring the body back to a state of homeostasis.

The temperature range for a healthy safe temperature is between 98.6° F (37°C) and 100° F (37.8°C). The
temperature on your skin is between 31° and 34°.

HUMAN BODY RELEASES HEAT TO THE ENVIRONMENT BY

EVAPORATION RADIATION CONVECTION CONDUCTION

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Body Thermal Balance — Heat Loss by Human Body

« The heat from the body is transferred to the air in contact
with the skin or clothing, which rises and is replaced by

CONVECTION COOleI' air. Radiatlon
« Faster air movement, lower temperature, and a higher skin i)
temperature all enhance the rate of convective heat loss.

 The temperature of the body surface and the temperature of
e LR IEOLY the opposing surface affects radiant heat loss.

H -—
Convection == =2 Evaporatlon

« [t is determined by the temperature difference between the
CONDUCTION

bodyhsurface and the object with which the body is in direct
touch.

« Is determined by evaporation rate, which is influenced by
air humidity (the dryer the air, the faster the evaporation)

EVAPORATION and the amount of moisture available for evaporation. §
« Perspiration and sweating cause evaporation, as does Conduction
breathing in the lungs.
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[ I
Air temperature is 18° In the indoors of If the
p ’ temperature climate temperature
of bounding
surfaceis

Air velocity does not exceed 0.25 m/s and .

when humidity is 40% to 60%, a person same as air
engaged in sedentary work will easily temperature
dissipate heat as P

N EEsen s
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HOT AIR AND CONSIDERABLE RADIATION ]

The Human body
temperatureis 37°. But
skin temperatureis 31-34°.

Body can gain substantial

heatbyradiation: Sun,
radiator, bonfire.

-~

-l

Even if heatloss is small in the above
scenario, evaporation canstill occurifthe
air is suitablydry.

~

)

Heat loss via convection steadily declines as air temperature approaches skin temperature, and the
body performs vasomotor adjustments to raise temperature to the higher limit (34°), but once the air
temperature hits this point, there is no more heat loss by convection.

Climate Smart Buildings | LHP Ranchi | PMAY Urban
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{ HOT AIR, RADIATION AND APPRECIABLE AIR MOVEMENT ]

/ When the airis hot (equal to or above skin \ / \

temperature), the surrounding objects are hot
(no heatloss by radiation), and when the airis Inadequately planned houses can generate a lethal
humid (less than 100% RH), air movement will condition in which the airis entirely saturated,
speed up evaporation, even though the air there is no air flow, and the air is warmer than the
temperature is higher than skin temperature. skin, resulting in heat stroke.
Moving air constantly replaces saturated air in

the surrounding area. / k /
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I | I
.. Unappreciable air L.
Airis hot (over 34°.) movement (< 0.25 m/s) Humidityis near 100%
< 0. -
S
f=
<
This leads to profuse sweating and §
no evaluation and body At 459, death is unavoidable. o
temperature begins to rise. "g
\_ J =
4 )
o : A body temperature of 40° will cause heat stroke.
At 41°, coma sets in and death (Failure in circulation system, followed by rapid
1s Imminent increase in body temperature)

- )
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Measurements of Thermal Comfort

 Developed in parallel with Ergonomics of the Thermal Environment — Analytical
ASHRAE 55 BSEN ISO 7730 determination and interpretation of thermal comfort
using calculation of the PMV and PPD indices and
« Evaluate and measure the local Thermal comfort criteria
moderate Thermal
Environment

* Extreme Environments
v ISO 7243:2017
v 1SO 7933: 2004
v ISO/TR 11079:1993

Ergonomics of the Thermal Environment -

e e Instruments for measuring Physical quantities
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General Requirements & Standard Conditions of ASHRAE 55

ﬁSHRAE 55 is oriented toward six factors: \

metabolic rate,

clothinginsulation,
air temperature,

radiant temperature,
air speed, and

K humidity /
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Compliance with ASHRAE Standard 55

The comfort zone is regarded sufficient if at least 80% of its occupants are unlikely to object to the ambient state, implying
that the majority are between -0.5 and 0.5 on the PMV scale.
Design conditions must maintain the spatial conditions within the acceptable range using one of the methodologies
outlined in section 5 of the standard for building systems to comply with ASHRAE, including
p
Najcurgl Mechanical Combinations of Thermal
ventilation ventilation systems these systems Somimll Syt envelopes
systems
(S
s
They must also account for all expected conditions (summer and winter, although barring extremes), external and internal
environmental elements, and any essential documents.
\
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Needed Thermal Comfort Compliance Documentation

[ Except in the case of naturally ventilated areas, all of the following documentation is required to comply with
ASHRAE:

@ The operative temperature, humidity, and total interiorloads are all specified in the design.
o

p
@ The hours of each seasonal exceedance associated with the outdoor weather percent design conditions

p
@ The values assumed for comfort parameters (clothing insulation, metabolic rate, indoor airspeed, etc.) at the
different assumed conditions (i.e., seasonal).

Local discomfort effects (i.e., if someone sits next to a radiator or right below a cooling vent this can lead to
@ local discomfort although the entire space overall is in thermal equilibrium. These effects can easily be

determined using thermal modeling tools)

p
@ The system input or output capacity needed to attain the design operative thermal conditions.
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IMAC — Indian Model for Adaptive Comfort

The adaptive thermal comfort model saves more energy in
buildings that are naturally ventilated when compared to air-
conditioned buildings as residents adjust to wider indoor
temperatures than the peripheral thermal comfort zones
determined by the PMV model.

IMAC Classifies the Building Ventilation into three types based
on their HVAC system ranging from naturally ventilated to
complete Air Conditioning

—Naturally Ventilated (NV)

Mixed Mode (MM)

— Air Conditioned (A/C)

Building Ventilation Type
|
|
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The Indoor operative temperature values for different building types
(NV, MM & A/C) are Pre — Calculated for most Indian cities

~
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IMAC — Indian Model for Adaptive Comfort

Naturally Ventilated Buildings

* The Occupantsin NV buildings are Thermally adapted to the
outdoor temperature of their location.

* TheIndoor Operative Temperature of the occupants to stay
thermally comfortable is given by the belove equation.

[ Indoor Operative Temperature (°C) = 0.54 x Mean Monthly Outdoor DBT + 12.83

[ Acceptability range for naturally ventilated buildings is +2.38°C
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IMAC — Indian Model for Adaptive Comfort

Mixed Mode Ventilated Buildings

« The MM Ventilated buildings takes into consideration the combination of natural ventilation
and the availability of air-conditioning when necessary.

* The Occupants in MMV Buildings thermally adapt to the outdoor temperature more than the
A/C buildings & somewhatless adaptive to NV building

* The Indoor Operative temperature for the occupants to stay thermally comfortable is given

by the below equation.

Indoor Operative Temperature (°C) = 0.28 x Mean Monthly Outdoor DBT + 17.87

Acceptability range for Mixed Mode ventilated buildings is +3.46°C
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IMAC — Indian Model for Adaptive Comfort

AC Buildings — Air Temperature based Approach

[ Acceptability range for Air-Conditioned buildingsis +1.5°C ]
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EFFECTS OF MATERIALS ON
THERMAL COMFORT
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U-Value or Thermal Transmittance (Reciprocal of

R-Value)

is quantified in terms of heatloss and is often
represented as a U-value or R-value in the building sector.
The rate of heat transfer through a structure (which can be a single material
or a composite) divided by the temperature differential across that structure is

known as thermal transmittance, also known as

1? J B i TR

4
Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (G1Z) GmbH

W/m2Kisthe unit of measurement.

«  Thelowerthe U-value, the better insulated the structure is.
*  Workmanship and installation standards can have a significant impact on thermal transmission.
. The thermal transmittance can be much higher than desirableif insulation is installed improperly, with gaps and cold bridges.
»  Thermal transmittance accounts for heat loss by conduction, convection, and radiation

/
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U-Value Calculation

U-Value or Thermal Transmittance (Reciprocal of
R-Value)

Thermal transmittance is the rate of heat transfer
through materials

Unit of U value is W/(m2K)

1
" Thermal Resistance ofa material (R)

Thickness of material (t)

Where R = Conductivity (k)

Conductivity (k) is the rate at which heat is transferred
by conduction though material
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Comparative in terms of U-Value
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Conventional Materials vs Local Materials vs Materials used at LHP

MATERIALS U-VALUE MATERILAS U-VALUE MATERIALS U-VALUE
. Concrete Block RCCWall
1 Red Bricks (230mm) 2.8 W/m2K (200mm) 2.8 W/m2K (150mm) 10.53 W/m2K
Sand Stone
2 Fly Ash Bricks (200mm) 4.28 W/m2K Blocks 2.6 W/m2K AAC Blocks 0.77 W/m2K
(200mm) (200mm)
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Lunch Break: 60 minutes

Climate Smart Buildings | LHP Ranchi | PMAY Urban



o GLOBAL 7/5""

4
- HOUSING Deutsche Gesellschaft
T T TECHNOLOGY Gﬂ—\?ﬂ—a m pn fir In!ernationale( I
- o z rbeit (61Z) 6mb!
Tt CHALLENGE INDIA S1IC| T )F usammenarbei m

Pradhan Wt Avas Yjanz-Uen Ministry of Housing and Urban Affairs
Government of India

\
—
'v
—_—

- = T 2 ~ r
| B L
) / \
. =y — A

Climate Smart Buildings | LHP Ranchi | PMAY Urban



T T
AT AAAT- 9T
Pradhan Manti Awes Yojana-Ur

Thermal Comfort
in Affordable

GLOBAL ; %‘f-’
HOUSING L g
TECHNOLOGY mraa;r
m CHALLENGE INDIA Ministry of Housing and Urban Affairs :
Government of India 3 l 1E l

4
Deutsche Gesellschaft

I Z fir Internationale
Zusammena rbeit (61Z) GmbH

Code Provisions by Eco Niwas Samitha

[

NATURAL |
VENTILATION J

.

Minimum Openable Window to
floor arearatio w.r.t Climatic Zone

-

4{ DAYLIGHT }

Housing

4[ HEAT GAIN/LOSS ]~

Minimum Visible Light
Transmittance w.r.t window towall
Ratio

-
/

-

Maximum U-value for all Climatic
Zone

J
N

(

.

Maximum Residential Envelope
Transmittance Value for all climatic
zones, except Cold

Ve
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Code Provisions by Eco Niwas Samitha

1 Openable Window to Floor Area Ratio
2 Visible Light Transmission
3 Thermal Transmittance of Roof

Residential Envelope Transmittance Value for Building Envelope (Except Roof) for four

4 Climate Zones, namely, Composite Climate, Hot-Dry Climate, Warm-Humid Climate, and
Temperature Climate
5 Thermal Transmittance of Building Envelop (Except Roof) for Cold Climate
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Openable window to floor area ratio (WFR):

Composite 12.50
Hot-Dry 10.00
Warm-Humid 16.66
Temperature 12.50
Cold 8.33
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Openable window to floor area ratio (wifr):

WFR Openable Window to Floor Area Ratio

Ayl Openable area (m?2); it includes the openable area of all windows

and ventilators, opening directly to the external air, an open
EQUATION FOR balcony, ‘verandah’, corridor or shaft; and the openable area of the
WFR doors opening directly into an open balcony. Exclusions: All doors
opening into corridors. External doors on ground floor, for example,
ground-floor entrance doors or back-yard doors.

WFR —_ Aoenable
y: |

carpet

Acarpet carpet area of dwelling units; it is the net usable floor area of a
dwelling unit, excluding the area covered by the external walls,
areas under services shafts, exclusive balcony or verandah area and
exclusive open terrace area, but includes the area covered by the
internal partition walls of the dwelling unit
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VISIBLE LIGHT TRANSMITTANCE (VLT):

Heat Flow Through Glazing

EQUATION FOR
VLT

solar heat
is transmitted

WWR f— non_opaque
y: |

envelope

visible light
is transmitted

less than
clear single
glass

clear glass
low-e coating
argon in gap
clear glass
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VISIBLE LIGHT TRANSMITTANCE (VLT):

0-0.30 0.27
0.31 - 0.40 0.20
0.41 - 0.50 0.16
0.51 - 0.60 0.13
0.61 - 0.70 0.11
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THERMAL TRANSMITTANCE OF ROOF - U

Thermal transmittance (U,,.¢) characterizes the thermal performance of the roof of a building.
Limiting the U, helps in reducing heat gains or losses from the roof, thereby improving the thermal
comfort and reducing the energy required for cooling or heating.

Thermal transmittance of roof

shall comply with the maximum
U,cofValue of 1.2 W/m? K
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THERMAL TRANSMITTANCE OF ROOF - U

Uroof Thermal Transmittance of Roof (W/M2.K)
AL oof Total Area of the Roof (m?2)
EQUATIONFORU, ¢
1 . . . . .
U= 2 o(Ui X Al) U, Thermal Transmittance values of different roof constructions
Aroof (W/le K)
A Areas of different Roof Constructions (m2)
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

RETV formula takes into account
the following:

Heat Conduction through opaque building

—— envelope components (Wall, Opaque, panels in
/ \ doors, windows, ventilators, etc.

Residential envelope heat transmittance
(RETV)is the net heat gain rate (over the

cooling period) through the building Heat Conduction through non-opaque building,
envelope (excluding roof) of the dwelling ~ envelope components (transparent/translucent
units divided by the area of the building panels of windows, doors, ventilators, etc. )

envelope (excluding roof) of the dwelling
units. Itsunitis W/m2 .

k / Solar radiations through non-opaque building

—— envelope components (transparent/translucent
panel of windows , doors, ventilators, etc. )
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

RETV

[
= X1a
/Lenvelope

z(Aopaque X Uopaque X w;)} + {b X Z(Anon _ opaque X UNON _ 0000 X @)} + {€ X Z Anon _ opaque X SHGCeq X w;)}]
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

RETV EUQATIONS TERMS

envelope area (excluding roof) of dwelling units (m2 ). It is the gross external wall area (includes

Aecnvelope the area of the walls and the openings such as windows and doors).
Agpaque areas of different opaque building envelope components (m?2 )
Wlepnae thermal transmittance values of different opaque building envelope components (W/m2.K)
A on-opaque areas of different non-opaque building envelope components (m2)
Uemncepacns thermal transmittance values of different non-opaque building envelope components (W/m2.K)
SHGC,, equivalent solar heat gain coefficient values of different non-opaque building envelope

components

orientation factor of respective opaque and non-opaque building envelope components; it is a
Wy measure of the amount of direct and diffused solar radiation that is received on the vertical
surface in a specific orientation
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

The coefficients of RETV formula, for different climate zones, are given in Table

Composite 68.99
Hot-Dry 6.06 1.85 68.99
Warm-Humid 5.15 1.31 65.21
Temperature 3.38 0.37 63.69
Cold Not Applicable for RETV
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Uenvelope,cold takes into account

the following

a

Thermal transmittance Uepvelope,cold

heating
A

heatlosses from the building envelope,
thereby improving the thermal comfort
and reducingthe energyrequired for

characterizes the thermal performance of

the building envelope (except roof).
Limiting the Uepyelope,cold helpsin reducing

Heat Conduction through opaque

building envelope components (Wall,

Opaque, panels in doors, windows,

ventilators, etc.

D —

Heat Conduction through non-opaque

building, envelope components

(transparent/translucent  panels
windows, doors, ventilators, etc. )

of
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THERMAL TRANSMITTANCE OF BUILDING ENVELOPE:

The Thermal transmittance of the building envelope (except roof) for cold climate shall comply with the
maximum of 1.8 W/m? .K

Uenvelope,cdd thermal transmittance of building envelope (except
roof) for cold climate (W/m2.K)

Aemvalme envelope area (excluding roof) of dwelling units (m2 ). It is the

EQUATION FOR Umvelope’co1 £ gross. external Wall.area (includes the area of the walls and the
openings such as windows and doors)

o i | n :
UenveIOPe,cold_ Aenvelope Zi=1(Ul X U; thermal transmittance of different opaque and non-opaque

Ai) building envelope components (W/m?2.K)

A area of different opaque and non-opaque opaque building
envelope components (m?2)
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COMPLIANCE TOOLS

Climate Smart Buildings | LHP Ranchi | PMAY Urban



o=
3T &
Sd

. GLOBAL
- HOUSING
T T
TECHNOLOGY
AT AAAT- 9T
Prhn et Aves Y rtan CHALLENGE INDIA

4
Deutsche Gesellschaft
I Z fir Internationale
Zusammenarbeit (61Z) 6mbH
Ministry of Housing and Urban Affairs
Government of India

Introduction

* Quick design and compliance
checks benchmarks of ECONIWAS SAMHITA.
» 5 keyfeaturesin consideration:

Mulstoy of Powar ECO-NIWAS SAMHITA COMPLIANCE TOOL

wmdn i

1. Userfriendliness

File  Help

HELP !
Demo Building State 2 ~ Climate zones of India

» Affordable High-Rise g ‘ i T S
TEST (Affordable High-Rise) [ Composite |nmm.mup.mmmmmmmumm]
COMPOSITE [

2. Responsiveness

» LowRise | 5T (Low Rise) | City - Climate

30 Adaptability " e i) Latitude >3 235N
. Project Constuction Type = Housing Category | HghRie v
. namism S
4 Dy Plot Area (m?) " 1500.0 Total no. of Residential Blocks ’ | S J
5. Resourcefulness. Coopsmeehematnd | o ks Sy -

| Add Category I [ Project Relocate I

« Compliance for Both Prescriptive and Points

Based Systems. | S N Y I — —— — P
Uploaﬂsimplanl i@ 3 - = . % w0
» Categoriesincluded: v : - - : G - %
1. Highrise IKME'%L.,W”
2. LowRise frempr——s
e o I = » Housing Category

Affordable
4. MixedUse
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ENS Compliance Tools Key Features

* Provisionsformultiple housing categoryaddition for compliance evaluation

S.No. Housing Category Plot Area (m?) Total Residential Block
B = 1 Affordable High-Rise 10000 10
B = 2 Low Rise 1000 1
[ 2 3 High Rise 1500 5
<
Total No. of Block [ 16
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ENS Compliance Tools Key Features

» [Easyto navigate tree-view structure

v Affordable High-Rise ( TEST (Affordable High-Rise) |

» Site Level Information
v b1l
» Envelope
» Building Services
» Indoor Electrical Use
» Renewable Energy System

v Low Rise l TEST (LOW m) J

Site Level Information
w bilr
» Envelope

v High Rise | TEST (High Rise) |

» Site Level Information
¥ b1HR
» Envelope
» Building Services
» Indoor Electrical Use
» Renewable Energy System
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ENS Compliance Tools Key Features

* Projectrelocation feature for multiple domainuse

COMPOSITE

Affordable ... -~
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ENS Compliance Tools Key Features

« Segregated sitelevel & block level inputs for ease in * Comprehensive help panel on each form for easy
information flow userreferencing
TEST (Demo Building) HELP !
) ) » Climate zones of India
v Affordable High-Rise | TEST (Affordable High-Rise) ' ¥ Project Construction type for compliance check
Orientation Range (0° being north and 90° being east)
¥ Site Level Information North 337.6°—22.5°
North-east 22.6°—-67.5°
Basement Lighting East 67.6°— 112.5°
. o South-east 112.6°—1575°
Exterior Lighting South 157.6-—202.5°
South-west 202.6° —247.5°
Pu mps West 247.6° —292.5°
Diesel Generator Set St et 2R e
North
Power Factor
Energy Monitoring North West North East
EV Supply Equipment
Transformer 2925° 675
Power Distribution Loss - -
Solar Photovoltaic System
v 247.5° 125°
» Envelope _
» Building Services PG 2025 157.5° EeSES
» Indoor Electrical Use » ENS Code Purpose & Applicability
» Renewable Energy System k. Evoject Construction Tvpe
» ENS Compliance Criteria
» Low Rise l TEST (Low Rise) ' » Plot Area
» Housing Category
» Total no. of Residential Blocks

» High Rise | tect (uinh Rice) |
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ENS Compliance Tools Key Features

 Component level display for mandatory provisions and pointsachieved

File Help
Site Level Information 5
bilr
» Envelope

v High Rise | TEST (High Rise)

| w Monitoring:

¥es ~ Select ~

» Site Level Information . o
v b1HR | Meter Segregted Recording For:
» Envelope
w Building Services
» Common Area Lighting
Lifts
Pumps
w Electrical System Select ~ Select ~
Diesel Generator Set
Power Factor
~ EmergyMonmitoring
EV Supply Equipment
Transformer
Power Distribution Loss
Car Parking
> Indoor Electrical Use | . | SNo. Energy Metering ... Basement Li._. Corridor Li_.. Power BackUp Gen... Outdoor Light Elevator Car Park... Wa
- ble Energy Syste ol m ) e 1 Smart = ™~
Upload Energy Monitor l

Reporting Frequency:

Select ~
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Site Level Information
¥ bilir
» Envelope

» Site Level Information
¥ b1HR
» Envelope
w Building Services
» Common Area Lighting
Lifts
Pumps
w Electrical System
Diesel Generator Set
Power Factor
Energy Monitoring
EV Supply Equipment

Power Distribution Loss
Car Parking
» Indoor Electrical Use
» Renewable Energy System

4
Deutsche Gesellschaft

I z fir Internationale
Zusammenarbeit (61Z) 6mbH

 Upload Transformer I
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ENS Compliance Tools Key Features

@ Compliance Result — O X

Eco-Niwas Samhita Compliance Result

| Affordable High-Rise | Low Rise = High Rise |

| Envelope | Building Services | Indoor Electrical Use | Renewable Energy | Final Result |

Point Achieved Total Points
Building Envelope 87
Building Services 51
Indoor Electric Use 62
R ble Energy Sy 20

Compliant

Generate Report
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- O m Eco-Ni ita: Compli Check Report
@ Eco-Niwas Samhita: Compliance Check Report . . i :
1. Affordable High-Rise : Compliance Result
1.1. Building Envelope:
S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
Requirements
ECO-NIWAS SAMHITA (ENS) 1 RETV(W/m®K) NA 1459 44 80
2 Roon—Vallue: % NA 053 6 7
'm?.|
COMPLIANCE EVALUATION R L — -
REPORT 4 WT% | Aieved | 600 NA NA
Total Maximum 1.2. Building Services:
Points S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
220 = . Requirements
Project Information 1 Exterior Lightin NA - 3 3
2 Basement Lighting NA = 2 3
Project Name Demo Building 3 Corridor Lighting NA — 3 3
State Chandigarh 4 Lift NA = 22 22
City Chandigarh 5 Pump NA — 11 14
Climate COMPOSITE 6 Diesel Generator Sets Achieved - NA NA
1 a = > 7 Power Factor Achieved - NA NA
>=23.5° N 2
- Correction
Building Construction Type New Building 8 En Monitoring Achieved _ NA NA
Compliant | Compliance Method Used Point System ystem
2 3 9 | Electric Vehicle Si Achieved - NA NA
Housing Category Information Equipment i
10 Transformer NA - 6 6
Housing Plot Area(mm?) Total No. of Total Basement Total Exterior Total Roof 11__|Power Distribution Loss. Achieved - NA NA
Category Residential Area(m?) Light Area(in?) Area(m?) 12 Car Parking Basement Achieved — NA NA
Blocks Ventilation
Affordable 10000 10 1000.0 1000.0 1000.0 . 5
High-Rise 1.3. Indoor Electrical End Use:
Low Rise 1000 1 1000.0 1000.0 1000.0 SNo. T Nondatory | Caleulated vatue | Points Achieved |Masimum Poins
High Rise 1500 100.0 100.0 100.0 Requirements
1 Indoor Lighting NA -- 12 12
2 Ceiling Fan NA - 7 9
3 Cooling Equipment NA = 28 41
1.4. Renewable Energy System:
S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
"@ Eco-Niwas Samhita: Compliance Check Report Requirements
1 Solar Hot Water NA - 7 10
Requirements
2 Solar Photovoltaic NA - 5 10
Consolidated Compliance Status of the Project: System
S.No. Housing Categories Total Points Maximum Points | Minimum Points Cog:pliance
tatus
1 Affordable High-Rise 156 220 70 Compliant
2 Low Rise 53 87 47 Compliant
3 High Rise 82 220 100 Non Compliant

Climate Smart Buildings | LHP Ranchi | PMAY Urban




® GLOBAL { ; ;\\ 1 Deutsche Gesellschaft
eutsche Gesellscha’
eI ST ?&f&%ﬁo(;\( deEn I Z fir Internationale
ST ATAAT-9Te G':l GI EE' ol Zusammenarbeit (61Z) GmbH
Prthen Man ves Yoz CHALLENGE INDIA Ministry of Housing and Urban Affairs w

Government of India

RESIDENTIAL

s I N2 /
w 10N  &=i™

Climate Smart Buildings | LHP Ranchi | PMAY Urban



. GLOBAL ; S ’ 4
HOUSING %‘f' Deutsche Gesellschaft
e ST I z fiir Internationale
AorT-aeht TECHNOLOGY G-na'la'a;r Zusammenarbeit (61Z) 6mbH
P A Yoreen CHALLENGE INDIA Ministry of Housing and Urban Affairs g rl_s:'?\qa.
Government of India 3 l 1E l

Objectives of Star Labelling

Assistance for

Informing the
Energy Efficiency

user

Market

Helping consumer
make a informed
decision while
buying/leasing

through the provision
of direct, reliable and
costless information

Assistthe home owner &
building industry to
identify the extent to
which a new or existing
house has the potential
through design &
construction to be of high
efficiency via the design
tool developed for the
program

Transformation

Help transform the market

by creating demand for
energy efficient
construction material
and appliances and
continue the process by
scheduled revisions of
labelling standards

Climate Smart Buildings | LHP Ranchi | PMAY Urban

Making Energy
Efficient Homes

Make energy efficient
homes to tackle the

problem of growing power
consumption in the sector
which is projected to rise
from 250 BU in 2018-19 to
700~ BU in 2030
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Construction Occupancy

permitisissued Certificate
Obtained Label

Final Star

New Dwelling

____________________________________________________________________________

“Applied For” Final Star i

Label Existing i

rilb fiz with certain ;

assumptions for |

: Operation |

Not mandatory in case |
the builder is availing the Existing Dwelling i

label at occupancy |
certificate stage
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Application processing stage

Developer Developer Owner Owner
“Applied Final Star Final Star .
Final Label
For” Label Label Label L SRS L L
Approval letter for
the Label Yes Yes Yes Yes
Dwelling Passport NA Ves Yes YVes
(soft copy)
Dwelling Name NA YVes Ves Yes
Plaque
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Star Rating Criteria & Calculation

Star Rating awarded in the basis on EPI (Energy Performance Index)

Energy Performance Index = Annual Energy Consumption (KWh)/Built up
area (m?2)

EPI Calculation = EPI for air conditioned spaces (~20% area) with 24 °C
as set point (E1) with Air conditioner switched ON during occupied hours +
EPI for other spaces (~80%) with natural ventilation (E2) set points defined
by IMAC.

And EPI for other appliances: E3

E1 & E2 includes following systems: Building envelope characteristics,
Lighting system, and comfort system (AC)

E3 includes appliances such as: Microwave oven, Grinder, ,
Refrigerators, TV, Water Pump, Washing Machine, etc.
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Residential Energy Label
EPI : 30 kWh/m?.year

The plague will be provided to the applicant (developer / owner) of the respective
residential dwelling upon approval of ‘Final’ label. The developer or owner would be
required to submit request to BEE for the plague.
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Applicant’'s Name Applicant's Surname
BUILDING PASSPORT X000 000X

DTC_E(:;\ddFESS S

XYzZ

City State

Gurugram Haryana
Pincode Contact Number
XXXXX XXXXXXXXXX
Label Reference Number
XXXXX
Date of Issue Date of Expiry
DD.MM.YYYY DD.MM.YYYY
ETV Roof U-Value FR WWR
5 ” XX XX W/m?K XX XX
L By A Gy BUREAU OF ENERGY EFFICIENCY [ g J
SEWA Pur L/ «NLRUI L »ALING LPD AC Type No. of ACs ISEER
XX W/m?* XX XX XX

Disclaimer: Possession ofthis label cannot be considered as

GTHS6
rightto property cc<<<12

Upon approval from BEE, a building passport will be generated based on the details
provided by label applicant.

The e-passport will be auto-emailed to the applicant
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Indicative measures to achieve different star labels

N N L R R L

1.55W/m2.K(112.5mm

2
Wall U-Value (W/mz.k)  2-34W/m2K (230mm  1.78W/m2K(230mm  Brick Wall +50mm Air 0.8 W/m?.K (200mm AAC g;?fk"\‘l'\{a'n ;Kzgzr:?nmm
) Burnt Clay Brick) Flyash Brick + Plaster) Gap + 112.5mm Brick Block) .
Wall) Insulation)

Glass U-Value (W/m?2. K)

SHGC

Roof U-Value (W/m?2. K)

AC ISEER
LPD (W/m?)
WWR

EPI

5.8 W/mZ2.K (Single
Glazed Unit 6mm)
0.82

1.76 W/m2.K (100mm
RCC +40mm Foam
Concrete + 15mm Inner
Plaster)

3.1
3.0
20%

59.21

5.8 W/mZ2.K (Single
Glazed Unit 6mm)
0.82

1.76 W/m2.K (100mm
RCC +40mm Foam
Concrete + 15mm Inner
Plaster)

3.5
2.0
15%

49.1

1.76 W/m2.K (6mm LowE
Glass + 13mm Air + 6mm
Clear Glass)

0.57

1.76 W/m2.K (100mm
RCC +40mm Foam
Concrete + 15mm Inner
Plaster)

3.5
2.0
15%

42.7
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1.76 W/m2.K (6mm LowE
Glass + 13mm Air + 6mm
Clear Glass)

0.57

1.02 W/m2.K (150mm
RCC + 25mm Insulation
XPS + Brick Tile + 15mm
inner plaster)

4.0
2.0
15%

36.8

1.34 W/m2.K (6mm LowE
Glass + 13mm Air + 6mm
Clear Glass)

0.57

0.7 W/mZ2.K (150mm RCC
+ 40mm Expanded
polystyrene + 15mm
inner plaster)

4.5
1.4
10%

28.6
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Energy Savings at different star labels

Energy Savings at different levels of Star Label

80.00 60%
57.12%
70.00
50%
60.00
35.98%
40%
50.00
40.00 36.80 30%
30.00 28.60
20%
20.00
10%
10.00
0.00 0%
BAU 1 Star 2 Star 3 Star 4 Star 5 Star

EmEP| —%age Difference

This energy consumption reduction can be attributed to the reduced WWR at 15% compared to 25% for BAU case, a thermally efficient double-glazed
unit, air cavity in the external wall assembly and a layer of foamed concrete in the roof
Climate Smart Buildings | LHP Ranchi | PMAY Urban
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Residential Building Star Rating Plan

Warm & Humid

55 < EPI < 67 58<EPI<64

*
47< EPI < 55 +* % 49<EPI<58

% % % 39<EPI<49
) o o & ¢

38< EPI < 47
30<EPI<39

29 <EPI <38 Y 3 K

EPI <29

EPI<30

Composite Temperate

*
* & 45<EPI<52 > % 24<EPI<28

52<EPI<60 e 28<EPI<31

* %k 37<EPI<45 21<EPI<24

2.0.0.0.¢ 29<EPI<37 17<EPI<21
KA AAK  pirg EPIS17
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Scope & type of labelling Program: Bureau of Energy Efficiency

Energy Efficiency Label for New Existing
Residential Buildings Residences Residences

EE Label
for Res
Buildings

‘Applied For’ Labelgg ‘Final’ Label
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Label Criteria

There is no minimum requirement with respect to Area or Connected load

(kW) for a dwelling unit to be covered under this labeling program.

O Star Rating awarded in the basis on EPI (Energy Performance Index)
O Energy Performance Index = Annual Energy Consumption (kWh)/Built up area (m2)

O BEE has prepared an online platform for the User of Label to apply for seeking an award of label
under this program

O The online platform consists of a Simulation-Based Tool that will calculate the EPI of respective
dwelling unit
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Outline of the process for awarding BEE Star Label

» BEE Star Label for Residential Building:
* Applied For Label (specifically for developers or under construction residential buildings — Voluntary)

 Final Asset Label

Application Implementation Monitoring &

ACREIEUE Bl processing stage Verification

Application Label renewal

submission

User registration Verification audits

Label transfer

Scrutiny of

received
application

Changesin label
awarded already Datareporting for
monitoringthe

Uptake strategies progress

Project/ property
registration

Approval forlabel
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Office Building, Coimbatore
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Best Practices in Indian Buildings
SIERRA’s eFACILITY® Green

Location Coimbatore, Tamil Nadu
Coordinates 11°N,77°E

Occupancy Type  Office

Typology New Construction
Climate Type Warm and Humid
Project Area 2,322 m2

Grid Connectivity Grid Connected

EPI 56 KWh/m2/

Window Wall Ratio (WWR) is less than 40%
glazing-harvest 86% daylight

100% rainwater harvesting and 100% wastewater

treatment to tertiary standards- Zero discharge

species- Landscape water demand reduce 40%
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