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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 million W1 to 5 million
500,000 to 1 million 300,000 o 500,000+ Below 200,000
1500~
600,000-
2 _
% 10001 § 400,000
E 3
5 2
‘_é_ g 70 cities
ch oo g 49 cities 94 cities
S 200,000 SR Cities, which will contribute over
30 Glies 80% to GDP by 2050, needto be
40 cities . .
Receptive, Innovative, and
Productive to foster sustainable
0- _ ol growth and ensure a better
1950 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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Energy demand with Rapid Urbanization

= Industry = Residential = Commercial = Agriculture = others

1066 Twh

= Industry

2030

= Residential = Commercial = others

Agriculture

2239 Twh

Residential Buildings: Fast Growth in Electricity Consumption. *IESS, NITI Aayog
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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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MoHUA Initiates for Urban Transformation

7 Urban Transport
EX DAY-NULM
Flagship Missions under the Ministry of

Housing & Urban Affairs (MoHUA) aim
to achieve Transformative, Inclusive and

Sustainable development through
Climate Smart Buildings | LHP Rajkot | PMAY Urban

planning, development and reforms for
achieving Urban Transformation.
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using land as a resource
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11.2 million
dwelling units are
being constructed
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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

-led individual house

Subsidy for beneficiary
construction/enhancement. (ISSR)

Sd

s

7.35lakh crores
investment

10 lakh

occupants in the
EWSI/LIG category

benefitting
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All-weather
housing units with
Water, Kitchen,

Electricity and ™
Toilet 5 -

Adequate physical
and social
infrastructure

Women
empowerment

PMAY (U)
Features

Security of
Tenure

Better quality
_f of life for
‘ J‘ Urban Paor

Key features of PMAY  -U projects
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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
GHTC -India Construction projects with 6
Technologies selected
Shortlisting technologies
AGARTALA, CHENNAI, TAMIL INDORE, MADHYA LUCKNOW, RAJKOT, RANCHI,
TRIPURA NADU PRADESH UTTAR PRADESH GUJARAT JHARKHAND
Light Gauge Steel Precast Concrete Prefabricated Stay in-place Monolithic Precast Concrete
Structural System & Construction System- Sandwich Panel Formwork System Concrete Construction
Pre-Engineered Steel Precast Components System Construction System-3D ~ Pre-
Structural System Assembled at Site System CastVolumetric

Climate Smart Buildings | LH®jkot| PMAY Urban
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About the project-n CI | mat e Smart Buil di ngs
of the Cluster Cell in Rajkot, Gujarat under Global Housing
Technology ChallengelIndia (GHTC-l ndi a) c
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States and UTs in West Cluster for establishing the Cell:

Chandigarh Dadar & Nagar Gujarat Haryana Punjab Rajasthan
Haveli, Daman
& Diu

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

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

A In order to achieve this objective, activities like documentation of LHP construction process from a sustainability perspecti ve,
knowledge transfer & capacity building through LHPs, performance monitoring & demonstration of thermal comfort in
selected housing projects among others.
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Climate Smart Buildings Programme (ICEN -CSB)

Reduce the demand - -
for air -condition by C%gﬁgggfrg%rzlc
30-40%

Government
of India/
MoHUA

Affordable

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

Climate

Smart

Building

Climate Thermal

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

he Federal
Ministry of
Economic
Cooperation(
BMZ),
Germany/
Glz
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Climate Smart Buildings (CSB) - Project Objectives

4 N/ N N/ )

R (S}

— 107 - 269
. R

WP 2 : Technical assistance to

enhance thermal comfortin 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
Public/Private housing East Cluster

projects in East Cluster
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Construction Methodology of LHP Rajkot

Monolithic Concrete Construction using Tunnel Formwork

/ \ / Tunnel forms allow walls and slabs to be cast in one day \

through several phases to the structure. The programme and
Tunnel formwork is a mechanised the amount of floor area that can be poured in one day define
cellular structure construction the phasing. The task to be done each day is defined by the 24
system. Itis made up of two half Hour cycle. In the morning, the formwork is set up for the day's
shells that are joined to make a pour. In the afternoon, the reinforcement and services are
room or a cell. An apartmentis installed, and concrete is poured. Concrete for walls and slabs
made up of several cells. must be poured in one operation once reinforcing has been
installed. Early in the morning, the formwork is removed and

k j K positioned for the next phase.
/ The assembly-line approach of the system to construction \ / \

provides developers and contractors with benefits relating to
the certainty of their site schedule, efficient time management
and an overall reduction in cost. This enables companies to
develop a better quality, monolithic structure that is more
acoustically and thermally efficient. The repetitive nature of
tunnel form tasks ensures high productivity, and optimum use
of labour and these are of considerable benefit to the project

k manager. / \ /

Climate Smart Buildings | LHP Rajkot | PMAY Urban

This formwork is manufactured in
a completely automated facility in
France and there is no
manufacturing plant in India.
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Construction Methodology T 24 Hour Cycle

1. Stripping of the _ _ _
formwork from previous The implementation of 24 -Hour Cycle shall be in

day accordance with IS 456:2000 1 Code of practice
for plain and reinforced concrete. However, the
structural engineer shall furnish details about the

2. Positioning of the actual process of removal of formwork after
4. Concreting and if formwork for the (_:urrent .
; ' casting of concrete
necessary, the heatin day’s phase, with the
ry, g installation of mechanical,
equipment electrical and plumbing
services

The task to be done each day is defined
by the 24-Hour cycle. The overall 3. Installation of
structure is divided into a number of reinforcement in walls

more or less comparable construction and slabs
phases, each matching to a day's work, to

establish this cycle. The amount of labour

and equipment required is then

calculated based on the magnitude of

these phases. Every day, the phases are

similar to achieve optimal efficiency.

Stripping of the forms

Formwork positioning and assembly

Réinforcement and electrical service

Concreting and finish
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Tea Break: 10 minutes
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THERMAR CONFORT
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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 | LHFRjkot| PMAY Urban



. GLOBAL
ST HOUSING

TECHNOLOGY
ST HT- 9T
Pradhan Mank Awas Yoaa-lran CHALLENGE INDIA

1

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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Government of India
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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,andsoon.

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 | LHEjkot| 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 nor too cold. made unwell by the conditions. conditions, such as dehydration or
frost bite

Climate Smart Buildings | LHFajkot| PMAY Urban
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Factors affecting Thermal Comfort

PHYSICAL FACTORS PHYSIOLOGICAL FACTORS

Mean Radiant Temperature /\ Metabolic Rate h

Air Temperature Clothing

Air Speed

Humidity

Climate Smart Buildings | LH®jkot| PMAY Urban
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PHYSICAL FACTORS

+ + +
1 02 3
AAir Temperature MAVean Radiant ARadiant Temperature
Temperature Asymmetry
+ + +
A5
Floor Surface Relative Humidity Auir Speed

Temperature
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AIR TEMPERATURE 1 the temperature of the

air surrounding abody

The ideal temperature for sedentary work is usually
between

~

RADIANT TEMPERATURE I the heatthat
radiates from a warm object

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

PHYSICAL
FACTORS

AIRVELOCITY i the speed of air moving
across the worker

It's best if the air flow rate is between

N

HUMIDITY T the amount of evaporated water

in the air

Air-conditioning can easily attain ideal relative
humidity values of

/

Climate Smart Buildings | LHEjkot| PMAY Urban



lo"—

. GLOBAL E = 4
TR, P’ Deutsche Gesellschaft
T W HOUSING S I Z fiir Internationals
. TECHNOLOGY et Zusammenarbeit (61Z) GmbH
ST AT AT .. . . <h
Pl CHALLENGE INDIA Ministry of Housing and Urban Affairs 3‘]11?‘[ Il%‘:'?\qa.

e Manti Awas Yojana-Urban
Government of India

PHYSIOLOGICAL FACTORS

CLOTHING LEVEL METABOLIC RATE

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

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

Climate Smart Buildings | LH®jkot| PMAY Urban
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PHYSIOLOGICAL FACTORS

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

CLOTHING LEVELS & INSULATION

Climate Smart Buildings | LHFajkot| 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 | LH®jkot| 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 | LHEjkot| PMAY Urban
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Thermal Comfort Indices

1 - Effective Temperature

HminE g1z

Deutsche Gesellschaft
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Zusammenarbeit (61Z) GmbH

person's sensations are assumed to have a temperature that is effective.

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

ATemperature, humidity, and other factors the same thermal output is produced by the same wind velocity. A

Initially two scales were developed

Normal Scale of Effective

Basic Scale
Temperature

The other applies to men fully clad
In indoor clothing and called the
normal scale of effective
temperature. B

one of which referred to men
stripped to the waist and called the
basic scale.

Climate Smart Buildings | LHFajkot| PMAY Urban

The same
effective
temperature is
defined as a
combination of
temperature,

humidity, and
wind velocity that
produces the
same thermal
experience in an
individual.
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Thermal Comfort Indices

DBT or 45— WET:SC —45
a7 e ) N
40
CORRECTED EFFECTIVE TEMPERATURE
(CET) 35
The use of globe temperature reading instead of the air i—:m

temperature reading to make allowance for the radiant
heat.

Nomogram

The scale was compiled only for men either seated or
engaged in light activity.

LI | LI
T
Temperature (CET)

|
] e
Figure represents the Corrected Effective

| L
m

o1g 0- 0
Climate Smart Buildings | LHFRjkot| PMAY Urban



Io-—

. GLOBAL a4
TR, P’ Deutsche Gesellschaft
T W HOUSING I Z fiir Internationals
R TECHNOLOGY \ 3.] |§)_-| |é | T Zusammenarbeit (61Z) GmbH
P,;;h;n‘mgm” s YUt CHALLENGE INDIA Ministry of Housing and Urban Affairs 3‘]11?‘[ Il%‘:'?\qa.

Government of India

Thermal Comfort Indices

2 - Tropical Summer Index

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

Mathematically, TSI (°C) is expressed as

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

Where,

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

V Air speed in m/s

Climate Smart Buildings | LH®jkot| 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 1540°C

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

Climate Smart Buildings | LHEjkot| PMAY Urban
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Thermal Comfort Indices

The warmth of the
environment was found
tolerable between 30 and 34 °C

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

Climate Smart Buildings | LH®jkot| PMAY Urban
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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

Climate Smart Buildings | LHFRjkot| PMAY Urban
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Methods to find Thermal Comfort

1- PMV/PPD Methods
PPD

o

=
N

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.

o

=
o (@n)
(ap)

—PPD

/
S/
\\

N

@
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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.
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It is critical to avoid local thermal discomfort, whether it is produced by a vertical air temperature difference between the
feet and the head, an asymmetric radiant field, local convective cooling (draught), or contact with a hot or cold floor. When
a person's thermal sensitivity is cooler than neutral, they are more sensitive to local discomfort, and when their body is
warmer than neutral, they are less sensitive.

LOCAL THERMAL DISCOMFORT

RADIANT
TEMPERATURE DRAFT
ASSYMETRY

FLOOR SURFACE
TEMPERATURE
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Local Thermal Discomfort
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A Large variances in the heat radiation of the
surfaces that surround a person might create A

local discomfort or impair acceptance of the
temperature circumstances.

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

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

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

' ASSYMETRY

RADIANT
TEMPERAT URE DRAFT A

FLOOR SURFACE
TEMPERAT URE

(&

While air movement can be enjoyable and g
pleasure in some situations, it can also be
unwelcomed and cause discomfort in others.

The undesired air movement is known as
"draught ," andit is most noticeable when the

complete body's thermal sense is cool.

A draught is most likely to be felt on exposed

body regions such as the head, neck, shoulders,
ankles, feet, and legs, although the sensation is

also affected by air speed, air temperature,
activity, and clothing.

N

/

|

Depending on the footwear |, too hot or too cold floors
might be uncomfortable. In rooms where users will be
wearing lightweight shoes, ASHRAE 55 advises keeping floor
temperatures between 197 29 °C (661 84 °F).
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Methods to find Thermal Comfort

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

% - %

A <6 -0.2<PMV<+0.2 <10
<10 -0.5<PMV<+0.5 <20
C <15 -0.7<PMV< +0.7 <30
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Measures to Improve Thermal Comfort
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SHADING &
GLAZING
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N J

j/ N\ 4 ~% 0
VENTILATION - - a
oooao
\_ Y A
A Y | r'd

-O-
4
QA

Climate Smart Buildings | LHEjkot| PMAY Urban



[ GLOBAL ;‘ U g— 4
A HOUSING b %‘f Deutsche Gesellschaft
T TECHNOLOGY i I Z fiir Internationale
ST AT 3T e IS |é| T Zusammenarbeit (61Z) GmbH
Pradha Mk Avas Yot CHALLENGE INDIA Ministry of Housing and Urban Affairs g ]:I.Eﬂ.(_\q.a.
Government of India \}]Ha-

Shading & Glazing

Shading reduces internal heat gain through coincident radiation.

Natural
Vegetation

Overhangs Awnings Louvers Vertical Fins  Light Shelves

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

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

Thermal
Comfort

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

Single Sided Ventilation

SINGLE SIDED VENTILATION CROSS VENTILATION STACK VENTILATION

Cross Ventilation

Stack Ventilation
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Controlled Ventilation

- -
n -

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

4

Air Velocity range between 0.5 Drops temperature  atabout3
to 1 m/s O C at 50% relative Humidity |
Office Environ ment Too High

Acceptable ( Especiallyif there is no

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

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

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

NATURAL VENTILATION

Even in hot-dry and warm -humid

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

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

to operate in a mixed mode to enable
nightventilation  and natural

h e Ventilation during cooler seasons

Natural ventilation promotes t ation to

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

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

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 , coolor

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 b lue
and light pink  colours , are examples of practical application of this age -old traditional design style.
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A green roof is a roof of a building that is partially or completely covered with vegetation

— Absorbing Rain Water

LL

n

@)

o

E — Providing Insulation
7p)

LL

8 . Helping lower urban air
04 temperatures
zZ

Ll

Iﬁ':J . Mitigating the urban
O

heat island effect
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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% ofthe buildings  needed in India by 2030 have yet to be constructed.
Maintaining the status quo is 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

Less reliance 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 housing is one of the key

pill ars to achieve | ndi ao
Action Plan target of reducing cooling energy  Thermal
need by 20-40 per cent by 2037-38. comiort
ousing can
. . have
Overview of affordable housing numerous
positive
sector impacts

households in India current housing

Ministry of Housihg and Urban Affairs
Government of India

are estimated to be
living in slums

shortage in Urban
areas

current housing
shortage in Rural
areas

housing shortage in
Rural areas is
mainly in

affordable segment

.F

4
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Lower operational costs for the economically weaker
sections

N BrdadernAn@tls. oufreQcR for thdstainable material &

technology market

Social benefits rising from belter comfort conditions like
boost in academic performance of kids, improvement in
guality 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

Climatic
Zone
Level

4 )

Temperature, rainfall, wind direction,
sun radiation, humidity, and other
environmental factors are taken into

consideration when designing.

-

4 )

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

- /
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Block
Level

-

Interaction of the block with its
surroundings and plants to ensure that it
has adequate heating, ventilation, and

~

lighting.

- </
4 N
Design solutions that influence heat,
light, and ventilation based on climatic
variables at the unit level.

- </
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Passive Strategies & Building Physics

/ \ Climatic Zone Level

4 I
Heating/Cooling Heating/Cooling
Site Level AN J
s N
PASSIVE Ventilati
MEASURES Ventilation Stz

\_ J

Block Level
Lighting Lighting

K / { Unit Level
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Passive Measures Climatic Zone Level

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

A In Ladakh, earth architecture A In Rajasthan, courtyard havelis A 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.

Climate Smart Buildings | LHFajkot| PMAY Urban



. GLOBAL ; '% " 4
) 4l ‘P Deutsche Gesellschaft
T ST HOUSING ,!' o I Z fiir Internationale
EA—_— TECHNOLOGY — Gﬂ\_yna'gm Zusammenarbeit (61Z) GmbH
Pradn M s oane CHALLENGE INDIA Ministry of Housing and Urban Affairs : Il'sﬁ?\'fﬁr
Government of India 3 1EI

Passive Measures Site Level

Reducing the ‘'heat island' effect with : 8=l
approaches like : .

v rere e e

Wte. The plan srpands 1o

o andary mhed depcton
. 9 280w for v rreant

Courtyards / open courts are often surrounded by
construction.

-
-
-

Taking advantage of block mutual shading . / ’ el =
Using site massing to create wind passageways

lowering the amount of hard paving to allow for
water absorption

Using complementary vegetation to manage the s
amount of sunlight that gets through as the s o
seasons change -
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Passive Measures Leveraging Plantation

evergreen tress spaced ata
distance for shading east
facins walls

plantation for funneling
wind to the building

Planting trees in the right places to
provide shade and ventilation can
significantly reduce the severity of
intense weather. During W
heatwaves in Adelaide, aresearch o= hould e ata di=once
found that districts with more allow daylight

;. deciduous trees
"2 that can provide
solar access during

vegetation cover remainedcooler = My Winteralongwith
by upto 6 °C s " deep verandahs on
. o 7 _ south side for
evergreen, closely spaced ’ "J

trees and shrubs for shading
west facing walls

Grass cover

WINTER SUMMER -2 // \/\
L . “‘/ 38

OO gisN I
OO

oo 2
Canopy cover
\ Eoboyisiond
temperature (°C)
deciduous trees allow sun penetration in winter and block sun access during %
summer

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 heatbuildup throughoutthe summer.

2

5

3

2

<

T
— )/ i Bl lll
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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

HEATING/ COOLING

Minimise P/A ratio in extreme climates

A4 [  "Yq =
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Passive Measures Block Level

Wind shadows should be avoided by building orientation.

/’_?. T — — D‘:
“/ S B

- L S B . !\})
T R e | -

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 improvr
airflow and provide a cooling effect for the blocks.

(a) Isolated roughness flow

— T ————.

/_‘\

. - \ y ,’-—\ -

: —'/:’) N ))\,/4.9%(:\>>‘* :

. , 2

[ W > P

LLl

(b) Wake interference flow (c) Skimming flow >
> . >

9 8
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Unit Level T Forms and Orientation

. . . \\ i d pm
Sunradiation  penetration patterns and, &
as a result, heat uptake and loss in a <
building are affected by changes in solar 6\4
route during different seasons. E
"
Q
Internal layout is of the courtyardtype f

Wes/
’

which is rather compact. Reduced sun
exposure on EastWest 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 efficientthermal barriers.
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HEATING /COOLING
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Unit Level i Forms and Orientation

High walls block the sun, resultingin Cool eie g;ggy;ag -

significant portions of the inner Y
surfaces and courtyard floor being e s e | | - 5
shaded during the day. Coglaetom p
—
The dirt beneath the courtyard will s o i ; ol
extract heat from the surrounding 111 cool ground . 3 1 @)
places and remit it to the open sky “-’Tf':m ff 0
during the night, resulting in cooler et % < e & b
air and surfaces. =
Night E
Radation to cloor sky T

[ = ]
e <
Condouction through ground
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Unit Level i 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.

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

T L L LT

| precast concret
panels

HEATING /COOLING

g 4 B
/'/---d;‘/
MS to carry water I [] L
for night purge K

& A e i S——r—— T |
v
: NOCTURNAL COOLING
Heat gain through solar radiation, occupants & equipment is stored H Water or outside air is passed through the building at night

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

to carry the heat stored in the thermal mass during daytime.
panels, heavy weight mass walls, can add thermal mass to buildings.

Climate Smart Buildings | LH®jkot| PMAY Urban
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Unit Level T Shading

/0

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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Unit Level

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:

VENTILATION

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%.
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INFOSYS i1 POCHARAM CAMPUS

—

oo -
COORDINATES 17N, 78°E |
OCCUPANCY TYPE OFFICE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 27,870 m?
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INFOSYST POCHARAM CAMPUS

A 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.
- A The SDB 1 is the first commercial
Indoor
Energy efficiency environment
quality

building in India to deploy unique
Climate Smart Buildings | LH®jkot| PMAY Urban

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

LOCATION MAI—&%&%ﬁ%RA
COORDINATES 1N, 73°E
OCCUPANCY TYPE OFFICET PRIVATE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE WARM AND HUMID
PROJECT AREA 24,443 m?
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GODREJ PLANT 13 ANNEXE

Cll -
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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LOCATION NEW DELHI

COORDINATES 29°N, 7PE

OCCUPANCY TYPE OFFICE EDUCATIONAL

TYPOLOGY NEW CONSTRUCTION
4 ThelIndira Paryavaran Bhawan isnow India's most
CLIMATEYPE COMPOSITE environmentally friendly structure.
were awarded to the project. The
structure has already received accolades, including the MNRE's
PROJECT AREA 9565 n? Adarsh /GRIHA Award for Outstanding Integration of Renewable

0 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 to reduce ambient
temperature, and energy  -efficient active
building technologies

EPI i
44kWh/m  2/yr

Indira
Paryavaran Bhawan utilizes 70% less energy.
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LOCATION MANESAR HARYANA
COORDINATES 28°N. 77° E
OCCUPANCY TYPE CORPORATE AND

MANUFACTURING

TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE COMPOSITE
PROJECT AREA 48000 m 2
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JAQUAR HEADQUARTERS

anet zero campus
LEED Platinum (USGBC)rating
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ST. ANDREWS BOYS HOSTEL BLOCK, GURUGRAM

LocaTIoN GURUGRAN
COORDINATES 28°N, 76°E
OCCUPANCY TYPE HOSTEL
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 5574 m?
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ST. ANDREWS GIRLS HOSTEL BLOCK GURUGRAM

LOCATION G::QF:’YGAFIQ\QM
COORDINATES 28° N, 76° E
OCCUPANCY TYPE HOSTEL o, —
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 2322 m?

Climate Smart Buildings | LHP Rajkot | PMAY Urban



GLOBAL ;‘%‘ iy 4

i ‘ﬁ Deutsche Gesellschaft
HOUSING o I Z fiir Internationale
TECHNOLOGY [—1— \3-] |§)_-| |é | T Zusammenarbeit (61Z) GmbH
CHALLENGE INDIA Ministry of Housing and Urban Affairs G‘IHH ]:I-Eﬂ-(—\q-a-

hE
ST. ANDREWS GIRLS HOSTEL BLOCK GURUGRAM

Climate Smart Buildings | LHP Rajkot | PMAY Urban



4
Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

® GLOBAL
) HOUSING
%’i‘ﬂ_a@ TECHNOLOGY
Prthan Ment v Yreltar CHALLENGE INDIA Ministry of Housing and Urban Affairs

Government of India

AKSHAY URJA BHAWAN HAREDA

LocATION PANCHKULA
COORDINATES 30°N, 76° E
OCCUPANCY TYPE 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 BHOPAL M.P.
COORDINATES 23°N, 7P E
OCCUPANCY TYPE OFFICET PRIVATE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE HOT AND DRY
PROJECT AREA 0888 ft 2
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GRIDCO BHUBANESWAR

LOCATION BHUBANESWAR.
COORDINATES 20° N, 85°E
OCCUPANCY TYPE OFFICE
TYPOLOGY NEW CONSTRUCTION
CLIMATE TYPE WARM AND HUMID
PROJECT AREA 15,793.5 n?
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Lunch Break: 30 minutes

Climate Smart Buildings | LHP Rajkot | PMAY Urban



® GLOBAL 7’%" Y
..P' Deutsche Gesellschaft
Mﬂm ?EoClI{ISI:I':)?.OGY I Z fiir Internationale
ST -4t . e 3‘“\_)'”&@ Zusammenarbeit (612) GmbH
Pradha Mok s Yo tan CHALLENGE INDIA Ministry of Housing and Urban Affairs g q.g:'.(_\q.a.
Government of India G:IHH

Climate Smart Buildings | LHP Rajkot | PMAY Urban



o GLOBAL ; %-—ﬁ-’ 1 Z
m Deutsche Gesellschaft
4 HOUSING I fiir Internationale
o TECHNOLOGY Zusammenarbeit (61Z) GmbH
SIETH .. . . <h
CHALLENGE INDIA Ministry of Housing and Urban Affairs \-H-aa- W

Fradhan Mantri Awas YojanzUrban
Government of India

i) 3
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Thermal Comfort Standards

ASHRAES5 g= 8=~
ECO-NIWAS SAMHITA 2018 ECO-NIWAS SAMHITA 2021 ‘ -@
(Energy Conservation Building Code for Residential Buildings) (Code Compliance and Part-Ii: Electro-Mechanical and
PART I BUILDING ENVELOPE Renewable Energy Systems)

. National Building Code2016 v e= |

Handbook of Functional Requirements of Building
1987 by BIS

Eco Niwas Samhita Part 1 and Part 2

EcoNiwassambhita 2018 EcoNiwasSamhita 2021

ISHRAE Indoor Environmental Quality Standards P2 ¥ Building Envelope Code Compliance and Part 2
201819
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Meeting the standards for Thermal Comfort

ASHRAE standard 55, Thermal Environmental condition for Human Occupancy

4 )
1ISO 7726:1998 Ergonomics of the The_rmal En\_/lronment_ | Instruments for
measuring Physical quantities
- J
4 )
_ Moderate Thermal Environments i Determination of the PMV and
ISO 7730:1994 PPD Indices and specification of the conditions for Thermal Comfort
- J
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ASHRAE 55

Air Temperature &

— Radiant Temperatures

i

C

@

Q- ags

38 Ceilings

O c

Oz

oo — Floor Temperature :

s & Daily & Seasonal
S50 Changes
ME | Vertical Temperature

SE Difference

n O

=

3 Occupant age
5:3 — Drafts (Air Velocity)

Occupant adaptability

—  Secondary Factors
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74°F to 80°F
60% to 30% RH

J
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Body Regularity Mechanism

DEEP BODY
TEMPfRATURE
3P
3P 3
Convection
Conduction .
o Evaporation
Radiation o
N Radiation
Shivering :
. Convection
Baselg 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 (baseland 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 whe

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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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.
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METABOLIC HEAT PRODUCTION

BASEL Heat Production of Vegetative, automatic
METABOLISM process
MUSCULAR Heat Production due to consciously controlled
METABOLISM work
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Hgicd
Body Thermal Balance

A Only 20% of the heat generatedin the body is used, thus any excessheat must be evacuated

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

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

A The temperature range for a healthy safetemperature is between 98.6° F (37°C) and 100° F (37.8°C). The
temperature on your skin is between31° and 34°.

HUMAN BODY RELEASES HEAT TO THE ENVIRONMENT BY

EVAPORATION RADIATION CONVECTION CONDUCTION

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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AThe heat from the body is transferred to the air in contact
with the skin or clothing, which rises and is replaced by

CONVECTION cooler air. Radiation
AFaster air movement, lower temperature, and a higher skin !
temperature all enhance the rate of convective heat loss.

RADIATION AThe temperature of the body surface and the temperature of

the opposing surface affects radiant heat loss.

H -—
Gonvection T 7= Evaporation

Alt is determined by the temperature difference between the
CONDUCTION

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

Als 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. §
APerspiration and sweating cause evaporation, as does Conduction
breathing in the lungs.

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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Body Thermal Balancel Heat Loss in Various Thermal Environment

CALM, WARM AIR, MODERATE HUMIDITY:

[ I
Air temperatureis 18 °. Inthe indoors of It the
temperature climate temperature
of bounding
Air velocity does not exceed 0.25 m/s and surface IS.
same as alr

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

\_

N
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{ HOT AIR AND CONSIDERABLE RADIATION ]
I |
The Human body Body can gain substantial
temperatureis 37 °.But heat by radiation: Sun,
skin temperatureis31  -34°. radiator, bonfire.
e )

Even if heatloss is small in the above
scenario, evaporation can still occur if the
air is suitably dry.

" )

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 Rajkot | PMAY Urban
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Body Thermal Balancel Heat Loss in Various Thermal Environment

{ HOT AIR, RADIATION AND APPRECIABLE AIR MOVEMENT ]

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

temperature), the surrounding objects are hot
(no heat loss by radiation), and when the air is Inadequately planned houses can generate a lethal
humid (less than 100% RH), air movement will condition in which the air is 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 I
o Unappreciable air e
Airis hot (over34 °)) movement (O 0| 25 Humidity is near 100%
C
9
- N E
This leads to profuse sweating and o
no evaluation and body At 45°, death is unavoidable. g
temperature begins to rise. -c-:
- / b
e )
o _ A body temperature of 40° will cause heat stroke.
At 41°, coma sets in and death (Failure in circulation system, followed by rapid
IS Imminent increase in body temperature)

- )
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Measurements of Thermal Comfort

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

Environment

A Extreme Environments
V 1SO 7243:2017
V 1SO 7933: 2004
V ISO/TR 110791993

Ergonomics of the Thermal Environment 7

BSEN IS0 7726 Instruments for measuring Physicalquantities
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General Requirements & Standard Conditions of ASHRAE 55

ﬁSHRAE 55is oriented toward six factors: \
metabolic rate,

clothing insulation,

A

A

A air temperature,
A radiant temperature,
A

air speed, and

Q 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, implyin g
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

-

"

Natural
ventilation

ventilation systems these systems el sysiems envelopes
systems

/

(¥

They must also account for all expected conditions (summer and winter, although barring extremes), external and internal
environmental elements, and any essential documents.

Mechanical Combinations of Thermal J

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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ASHRAE:

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

@ The operative temperature, humidity, and total interior loads 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).

e : . : : : : : a
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.

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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IMAC 1 Indian Model for Adaptive Comfort

Q
A The adaptive thermal comfort model saves more energy in % _
buildings that are naturally ventilated when compared to air - - —Naturally Ventilated (NV)
conditioned buildings as residents adjust to wider indoor g
temperatures than the peripheral thermal comfort zones e
determined by the PMV model. G
E —+—  Mixed Mode (MM)
A IMAC Classifies the Building Ventilation into three types based Q
on their HVAC system ranging from naturally ventilated to =
complete Air Conditioning g’
= — Air Conditioned (A/C)
=
m
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IMAC 1 Indian Model for Adaptive Comfort
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\_

A The Indoor operative temperature values for different building types

(NV, MM & A/C) are Pre T Calculated for most Indian cities
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IMAC T Indian Model for Adaptive Comfort

Naturally Ventilated Buildings

A The Occupants in NV buildings are Thermally adapted to the
outdoor temperature of their location.

A The Indoor 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 buildingsis £2.38 °C
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IMAC T Indian Model for Adaptive Comfort

Mixed Mode Ventilated Buildings

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

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

A 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 buildingsis +3.46 °C
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IMAC 1 Indian Model for Adaptive Comfort

AC Buildings 1 Air Temperature based Approach

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

R-Value)
Is quantified in terms of heat loss and is often U- R+ U+ R-
represented as a Uvalue 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 Eae W 3 Ll-, | Eho s SaSLRER
s g s ‘ |

W/m 2K is the unit of measurement.

The lower the 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 desirable if insulation is installed improperly, with gaps and cold bridges .
Thermal transmittance accounts for heat loss by conduction, convection, and radiation

4 >,>o>o>o>o\
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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/(m?2K)

U=

Where R = Q)

IERERRR

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
: ConcreteBlock RCC Wall
2 2 2
1 RedBricks (230mm) 2.8 W/m 2K (200mm) 2.8 W/m 2K (150mm) 10.53W/m2K
Sand Stone
2 Fly Ash Bricks (200mm) 4.28 W/m 2K Blocks 2.6 W/m 2K AAC Blocks 0.77 W/m 2K
(200mm) (200mm)
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NEW AGE
INNOVARIVE T ECHN GO LQGY!
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Better quality of
constructioninae
manner

Green and sustainble
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Light House Projects

/’ LHP serves as LIVE Laboratories for s
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

Houses built with
shortlisted alternate
technology

g EEE I B S B B e B e

House built with speed,
economy
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Light House Projects

Currently the LHPsO®6 are being i mpl eme (Uttar F

Gujarat, Madhya Pradesh, Jharkhand, and Tripura.

These projects will be made up of modern technology and innovative
processes and reduce the construction time and make a more resilient,

affordable, and comfortable house for the poor.
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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) T India
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Monolithic Tunnel Formwork Technology 7 LHP Rajkot

In ‘TunnelForm 6 t e ¢ h pconcretgwalls and slabs are castin one go at site giving monolithic structure B
Steel f oTumelFoomrdé .mol ds call e

using high-precision, re-usable,rooms i z e d ,
steel fof

dunnelFormdé system uses customized engineered
together and then concreting is done to form a room size module. Several such modules make an apartment.

[ Construction Process

Positioning of the
formwork for the A
Stripping of the %aléé vrvitﬁ t'% et dayo Installation of
formwork from the F;n i it of reinforcement in Concreting
previous day. mechanical the walls and slabs.
electrical and
plumbing services.
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Monolithic Tunnel Formwork Technology 7 LHP Rajkot

Special Features

Facilitating rapid construction
of multiple/ mass modular
units (similar units).

The precise finishing can be
ensured with no plastering
requirement.

Making structure durable with
low maintenance requirement.

The concrete can be designed to
use industrial by-products such

as Fly Ash, Ground granulated Being Box type monolithic
blast furnace slag (GGBS), structure, it is safe against Theuﬁgg%rr;#mgceg:;nr?oicrl]ular
Micro silica etc. resulting in horizontal forces (earthquake, 5 ons%ru - y
improved workability & cyclone etc.) '

durability, while also
conserving natural resource
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Prefabricated Sandwich Panel Systemi LHP Indore

A

A

A

Factory made Prefabricated Sandwich Panel System is made out of cement or calcium silicate
boards and cement mortar with EPS granules balls, and act as wall panels.
Under this LHP, houses are being constructed using Prefabricated Sandwich Panel System with Pre

Engineered Steel Structural System.
In this systemthe EPS Cement Panels  are manufactured at the factory in controlled condition, which

are then dispatched to the site. The panels having tongue and groove are joint together for construction
of the building.

Special Features

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

Being dry walling system,
brings speed in construction,
water conservation (no use of

water for curing of walling

components at site).

Being light in weight results
in lower dead load of
building & foundation size.

Climate Smart Buildings | LHP Rajkot | PMAY Urban



4
Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

® GLOBAL
) HOUSING
%’i‘ﬂ_a@ TECHNOLOGY
Prthan Ment v Yreltar CHALLENGE INDIA Ministry of Housing and Urban Affairs

Government of India

An already established technology for building construction, Precast concrete construction is a system where the
individual precast components such as walls, slabs, stairs, column, beanetc, of building are manufactured in plant
or casting yard in controlled conditions. The finished components are then transported to site, erected & installed.
The technology provides solution for low rise to high rise buildings, especially for residential and commercial
buildings.

[ The construction process comprises of manufacturing of precast concrete Columns, Beams and Slabs in ste@houlds.

Casted components

] are then moved to These precast
: Concrete is poure stacking yard where components are
ca-gc]ai E,fr'g f&gfe'gear}tth o and compaction of curing is done for installed at site by
required position in concrete is done by requited time and crane and assembled
R shutter/ needle then these through in -situ
' vibrator. components are ready jointing and/or
for transportation and grouting etc.

erection at site.
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Special Features

Nearly all components of
building work are
manufactured in plant/casting
yard & the jointing of
components is done In-situ
leading to reduction in
construction time.

Helps in keeping neat & clean
construction site and dust free
environment.

The concrete can be designed
industrial by -products such as

The controlled factory Fly Ash, Ground granulated
environment brings resource blast furnace slag (GGBFS),
optimization, improved Micro silica etc. resulting in
quality, precision & finish. improved workability &

urability, while also
conserving natural resources.

Optimum use of water through Use of shuttering & scaffolding
recycling. materials is minimal.

Climate Smart Buildings | LHP Rajkot | PMAY Urban
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All weather construction &
better site organization.
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3D Volumetric concrete construction is the modern method of building by which solid 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

Construction Process

Sequential construction in the project here begins with keeping the designed foundation of
the building ready, while manufacturing of precast concrete structural modules are taking
S place at the factory. )

Factory finished Gable end walls are

A positioned to Rebar meshis finally .
units}jr;l“c!gm% s are terminate the sides of placed for structural Conbsueiﬁlijélvseirgicl);)rr sare
then installed at the SLlelig, [ SEsese screed thereby manner to complete
site with the help of __slabs are then SUNEEg &l A the structure
Ty i mstall?d as fltoorlng elements together. '
' elements.
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Special Features

About 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 With smooth surface it eliminates
optimization, improved quality, use of plaster.
precision & finish.

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 Use of shuttering & scaffolding All weather construction & better
water through recycling. materials is minimal. site organization
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Light GuageSteel Structural System & Prei engineered Steel Structural Systemi LHP Agartala

components.

forming structural steel framework upto G+3 building.

Construction Process

The sequence of construction comprises of
foundation laying,

fixing of Pre-Engineered Steel Structural System,
fixing of tracks,

| I [

| I ! ' :
| I |

| | I
| fixing of wall panels with bracings as required, | I sandwich panels with insulation material in between |
| I

| I

| I

| I

| The other options of dry walling components such as! | Similarty. the fleors can either by composite

| slab/deck slabs/precast hollow core slabs as

| .
N fixing of flqor panels, dfacklng s.heet, can also be used. I per the need & requirements.
fixing of electrical & plumbing services and

finally fixing of concrete walling panels with light
weight concrete as infill.
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Special Features

Fully integrated computerized

High strength to weight ratio. system with Centrally

Due to light weight, significant - Construction being very fast, a
reduction in design earthquake mggrwﬁé'gﬁln?:rﬁ;rg%ﬁg% d typical four storied building Structure being light, does not
forces is achieved. Making it for manufacturing of LGSF can be Con?rgrcljjr?fﬁd within one require heavy foundation

safer compared to other : - :
sections provide very high
SLBIL S, Precision & accuracy.

Structural element can be

transported to any place S -
: : : tructure can be shifted from
including hilly areas to remote one location to other without

places easily making it suitable :
for far flung regions including wastage of materials.

difficult terrains.

The system is very useful for
post disaster rehabilitation
work.

Steel used can be recycled
multiple times
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PVC Stay in Place Formwork Systeni LHP Lucknow

A The plant manufacturedrigid poly -vinyl chloride (PVC) based polymer components serve as a
permanent stay-in-place finished form -work for concrete walls.
In order to achieve speedier construction, strength and resource efficiency, the composite
structure with Pre -Engineered Steel Structural System as structural members is being used in
the present project.

Construction Process

Construction is done in a sequential manner where at first, the Prefabricated PVC Wall panels and PreEngineered Steel
N Structural Sections as per the design are transported to the Site.

The pre-fabricated

Floor is installed walling panels having
Then, these Sections using decking sheet. provisions of holes for Upon installment of
are erected on the Once the structural services conduits, are wall panels, flooring
prepared foundation frame and floor is fixed along with the and ceiling, the
using cranes and installed and aligned, reinforcement & finishing work is
required connections. wall panels are fixed cavities inside the wall executed.
on decking floor. panels are filled with
concrete.
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PVC Stay in Place Formwork Systeni LHP Lucknow

Special Features

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.

In case of 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 very
aesthetic look.
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Code Provisio

NATURAL

Vo=
S

Housing and Urban Affairs

ns by Eco Niwas

Deutsche Gesellschaft
fiir Internationale

HminE g1z

Samitha

Zusammenarbeit (61Z) GmbH

[

VENTILATION

{

.

Minimum Openable Windowto
floor area ratio w.r.t Climatic Zone

-

~

4[ DAYLIGHT

Housing

4{ HEAT GAIN/LOSS }

Minimum Visible Light
Transmittance w.r.t window to wall
Ratio

-
/

AN

-

-value for all Climatic
Zone

Maximum U

.

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

-

[ Maximum U

-value for Cold Climatic
Zone
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Code Provisions by Eco Niwas Samitha

1 OpenableWindow 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, HotDry 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

Warm -Humid 16.66
Temperature 12.50

Cold 8.33

- Hot-Dry 10.00
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Openable window to floor area ratio (wfr):

WFR Openable Window to Floor Area Ratio
Aopenable Openable area (m2); it includes the openable area of all windows
and ventilators, opening directly to the external air, an open
EQUATION FOR balcony, 6 v e r a wodridon 6r,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 doorsor back-yard doors.

WER = —=m-<ff"m

=ftrm

Acarpet carpet area of dwelling units; it is the net usable floor area of a
dwelling unit, excluding the area covered by the extemal walls,
areasunder 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 =

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, Value of 1.2 W/m 2 K.
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THERMAL TRANSMITTANCE OF ROOF - U,:

U oot Thermal Transmittance of Roof (W/M 2.K)

Aoof Total Area of the Roof (m?2)

EQUATIONFOR U,y :

Thermal Transmittance values of different roof constructions
(W/m 2 K)

A Areas of different Roof Constructions (m?2)
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

Heat Conduction through opaque building

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

Heat Conduction through non-opaque building,
envelope components (transparent/translucent

panels of windows, doors, ventilators, etc. )

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 ):

omtaogl T FEA
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RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

RETV EUQATIONS TERMS

envelope area (excluding roof) of dwelling units (m?2). Itis the gross external wall area (includes

Aenvelope the area of the walls and the openings such as windows and doors).

Aopague areas of different opaque building envelope components (n¥)

U gpaque thermal transmittance values of different opaque building envelope components (W/m 2 .K)
Anon-opaque areas of different non-opaque building envelope components (m?)
U non-opaque thermal transmittance values of different non -opaque building envelope components (W/m2.K)

SHGG, equivalent solar heat gain coefficient values of different non-opaque building envelope
d components

orientation factor of respective opaque and non-opaque building envelope components;itis a

1 measure of the amount of direct and diffused solar radiation that is received on the vertical

surface in a specific orientation

Climate Smart Buildings | LHP Rajkot | PMAY Urban



[om=

. GLOBAL 4
| j Deutsche Gesellschaft
” HOUSING ab I g— I Z fir Internationale
ST FAT- ST TECHNOLOGY T Zusammenarbeit (61Z) GmbH
Frhe M s Y CHALLENGE INDIA Ministry of Housing and Urban Affairs 3‘“{?“- qép'.(_\qa.

Government of India

RESIDENTIAL ENVELOPE TRANSMITTANCE VALUE FOR BUILDING ENVELOPE (EXCEPT ROOF ):

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

1.85

Composite 6.06 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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THERMAL TRANSMITTANCE OF BUILDING ENVELOPE:

Heat Conduction through opaque
building envelope components (Wall,

Opaque, panels in doors, windows,
ventilators, etc.

Heat Conduction through non-opaque
building, envelope components

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

Uenvelopecad  thermal  transmittance of building envelope (except
roof) for cold climate (W/m 2.K)

Acnvelope envelope area (excluding roof) of dwelling units (m2 ). It is the
EQUATION FOR Uenvelope,col e gross extemal wall.area (includes the area of the walls and the
openings suchaswindows and doors)

U envelope,cold —

U, thermal transmittance of different opaque and non-opague
building envelopecomponents (W/m 2 .K)

A area of different opaque and non-opague opaque building
envelopecomponents (m?2)
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Eco T Niwas Samhita 2021 Scope

~

Residential buildings
built on a plot area of
O500 m?

)

The Code Applies to

Residential part of h
Mixed land -use
building projects,
built on a plot areaof
0500 mz2,

Climate Smart Buildings | LHP Rajkot | PMAY Urban



GLOBAL ;‘%‘ iy 4

.’ Deutsche Gesellschaft
HOUSING Hedh I Z fiir Internationale
TECHNOLOGY [—1— \3-] |§)_-| |é | T Zusammenarbeit (61Z) GmbH
CHALLENGE INDIA Ministry of Housing and Urban Affairs G‘IHH ]:I-Eﬂ-(—\q-a-

Government of India

hE
ECO 1T NIWAS SAMHITA 2021 CODE COMPLIANCE

) o (el

Building Envelope
Building Envelope 47 40 87
Building Services
Common areaand
exterior 3 6 9
lighting
Elevators 13 9 22
I_:’umps 6 8 14
Electrical Systems 1 S 6 SolarHot Water Systems 10 10
Indoor Electrical End-
Us.e _ SolarPhoto Voltaic 10 10
Indoor Lighting 12 12 -
Comfort Systems 50 50 Additional ENS Score 20
ENSScore 70 130 200
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Project Category Minimum ENS Score
Low rise buildings 47
Affordable Housing 70
High rise buildings 100

Low Rise Buildings: A structure of four stories or less, and/or a structure of up to 15 metres in height (without stilts) and up to 17.5
metres in height (including stilt).

Affordable Housing Projects:

A for Affordable housesare Dwelling Units (DUS)
A for Economically Weaker Section (EWS)category
A ForLowerIncome Group (LIG) category

High Rise Buildings: A structure with more than four stories and/or a height of more than 15 metres (without stilts) and 17.5 metres
(including stilt).
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Point Based System
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Advantages of Point Based System

A A pointsystem is a less complicated way of assigning weight to building components that are relevant in terms of energy efftiency and
compliance. Each dot does not always imply a percentage reduction in energy consumption.

A Singapore began with prescriptive compliance, but as the code grew, the pointbased model was adopted as a means of compliance,
combining trade -off and prescriptive criteria.

Ease of comprehending A Easy to comprehendby citizensfor both overall energy performanceof a
by the citizens residential building and incorporated component level energy efficiency
A Trade-off among componentsis possible but on astepped EEimprovements giving limited
Trade-off flexibility to ownerto show compliance
A Easyto deter possibility of gaming
A Low expertiseis required for doing and checking thecompliance
Compliance A Require simpler tool for showing compliance
A Will have only one compliance approach

Easyto accommodate additions and removal of components from code.

Future revision : »
Easier for states to makeanyrevisions/amendments

o o
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Mandatory Requirements

1. Building Envelope: All of the ENS Part | requirements must be met.

Power Factor Correction: In all three phases, 0.97 at the point of connection or the state requirement, whichever is
more strict.

3. Energy Monitoring: Common area lighting (Outdoor lighting, corridor lighting and basement lighting)

I Elevators

Water pumps

Basement car parking ventilation system

Electricity generated from power back-up

i Electricity generated through renewable energy systems

I Lift pressurization system

4. Electrical Vehicle Charging Station: If it is installed, it must follow the new criteria for Charging Infrastructure
established by the Ministry of Power.

5. Electrical Systems:Distribution losses in the ENS building must not exceed 3% of total power demand. At design
load, the voltage drop for feeders is less than 2%.At design load, the voltage drop for the branch circuit is less than
3%.
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Prescriptive Method

1. Building Envelope:
U VLTand WFR71 asper ENSPart 1
u  RETV (for all climate except cold) i max 12W/m2
U Thermal Transmittance for cold i max 1.3W/m2K
U Roofi 1.2W/m2K

2. Common Area & Exterior Lighting: Either LPD or Efficacy and use of PhotoSensor

Corridor lighting & 3.0 All the permanently installed lighting fixtures shall use
Stilt Parking ' lamps with an efficacy of at least105 lumens perWatt
_ All the permanently installed lighting fixtures shall use
BasementLighting 10 lamps with an efficacy of at least105 lumens perWatt

Driveways and parking (open/ external) 1.6
Pedestrian walkways 2.0
Stairways 10.0

Landscaping 0.5

Outdoor salesarea 9.0
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Prescriptive Method

3. Elevators, if applicable::
Lamps: 85I/W
Automatic switch off control

IE4 motors

VFDs

Regenerative drives

Group Automatic operation

Pumps, if applicable: Min Eff -70% or BEE 5 Star
Electrical System,if applicable:

ok

u Distribution loss lessthan 3%
U Dry Type Transformer - as mentioned in table
U Oil Type Transformer i BEE 5Star
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Point System MethodT ENS 2021 Compliance

Minimum Additional Maximum
Components Points Points Points

Building Envelope

Minimum Points - are a set of points that must Building Envelope 47 40 87
——  be obtained for each component in order to

demonstrate ENS compliance Building Services

L®)]

) Common areaand

< N _ _ exterior 3 6 9

Q Additional Points - These are the points lighting

> provided for implementing additional or

= ] improved energy efficiency measuresina Elevators 13 9 29

o component. These points can be combined with

= others to get the total score for ENS compliance Pumps 6 3 14

2 described in section 3.1.2. Electrical Systems 1 5 6

n :

— Indoor Electrical End-

< Use

@] | The total points available for each component are o

AR the maximum points. Indoor Lighting 12 12
Comfort Systems 50 50

ENSScore 70 130 200
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Point System MethodT ENS 2021 Compliance

1 - Building Envelope (87 Max Points out of which 47 are essential)

U Thermal Transmittance of Roof (7 Points) RETV
U RETV (80 Points) The RETVfor the building envelope (exceptroof) for
four climate zones,namely, Composite Climate, Hot-Dry
Climate, Warm-Humid Climate, and Temperate Climate, 44 Points
Thermal Transmittance of Roof shall comply with the maximum RETV of 15W/m2.
For RETV less than15 andupto 12 W/m2, score will be
Minimum: calculated by following equation:
Thermal transmittance of roof Up to 50
shall comply with the maximum 741 2 x(RETV) _ Points
Uroof value of 1.2W/m2-K. Up to 4 Points (@2 points per RETVreduction)
Additional:
N For RETV less than12 andupto 6 W/m2, score will be
_ Additional: calculated by following equation:
1Point for everyreduction of 0.23 Up to 80
W/m2-K in thermal transmittance 110i 5 x(RETV) points
of roof from the Minimum Maximum (@ 5 points per RETV reduction)
requirement prescribed under . Additional:
§6.1(a). 3Points

For RETV less than6 W/m2 80 Points
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Point System MethodT ENS 2021 Compliance

2 1 Common Area and Exterior Lighting (9 Points)

Additional Points (6 points)

Common Minimum luminous efficacy
Areas (Im/W) _ _ ,
Corridor lighting 1 Point for installing 95
Corridor All the permanently installed & Stilt Parking Im/W  Or 2 Point for
o : lighting fixtures shall use lamps with an efficacy installing 105 Im/W
lighting & Stilt 3.0 fatl
Parking of at least85
lumens per Watt
All the permanently installed Basement 1Point for installing 95
Basement 10 lighting fixtures shall use lamps with an efficacy Lighting Im/W Or 2 Point for
Lighting ' of at least85 installing 105 Im/W
lumens per Watt

_ 2Points for Installing

Driveways and parking (open/ external) 1.6 Exterior Lighting photo sensoror
Pedestrian walkways 20 Areas astronomical time
Stairways 10.0 switch
Landscaping 0.5
Outdoor salesarea 9.0
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Point System Method1 ENS 2021 Compliance

4
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31 ELEVATORS (22 Points)

Additional:

i.  Additional points can be obtained by meeting the following requirements:
i. Installing the variable voltage and variable frequency drives. (4 points)

ii. Installing regenerativedrives. (3 points)

v. Installing class IE4Amotors. (2 points)

9 Points
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Point System Method1 ENS 2021 Compliance

417 Pumps (14 Points)

Additional:

Additional points can be obtained by meeting the following requirements:
i.  Installation of BEE 5star rated pumps (5 Points)

i.  Installation of hydro-pneumatic systemfor water pumping having minimum mechanical

8 Points
efficiency of 70% (3 Points)
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Point System Method1 ENS 2021 Compliance

51 Electrical Systems (6 Points)

Additional:
Additional points canbe obtainedby providing all oil type transformers with
BEE 5star rating.

5 Points

Climate Smart Buildings | LHP Rajkot | PMAY Urban



GLOBAL ;‘ D‘f' a4
HOUSING *‘P’ I Z Deutsche Gesellschaft

fiir Internationale
TECHNOLOGY i \'3-1 |;)-'| |é I T m p E Zusammenarbeit (61Z) GmbH
CHALLENGE INDIA Ministry of Housing and Urban Affairs 3‘]11(_'[ qgl'-(—\q-a-

Government of India

o
T ST
ST AHT- T8
Fradhan Manti Awas Yojanz-Urban

Point System Method1 ENS 2021 Compliance

6 i Indoor Lightings (12 Points)

Additional:

Additional points for indoor lighting by installing all lighting fixtures in all bedrooms, hall and kitchen
shall havelamps luminous efficacy asper following:

. 95 Im/w (3 Points) Upto 8 Points
ii. 105Im/W (8 Points)
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Point System Method1 ENS 2021 Compliance

77 Comfort Systems (50 Points) I Celling Fans

Additional:

Additional points for ceiling fans by installing in all the bedrooms and hall in all the dwelling units as per

following:

I. 4 Star 1Points
ii. 5Star 3 Points
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Point System Method1 ENS 2021 Compliance

Weighted Average of different Comfort Systems installed ina building allowed for better
flexibility (Points Achieved for AC)

Additional 9 points for :

I.  Split AC: 4 Star
ii. VRF:Not Applicable ason date, however, whenever Star labelling of BEE is launched,
Star 4 will be applicable 9 Points

ii. Chiller: Minimum ECBC+ Level as mentioned iInECBC2017
Additional 21 points for :

I.  Split AC:5 Star
ii. VRF:Not Applicable ason date, however, whenever Star labelling of BEE is launched,

Star 5 will be applicable 21 Points
lii. Chiller: Minimum SuperECBCLevelas mentionedin ECBC2017
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Point System Method1 ENS 2021 Compliance

8 T Solar Water Heating (10 Points)

Additional:

Additional points can be obtainedby installing SWH systemas per asper following:
I.  100%of the annual hot water demand of top 6 floors of the
residential building (2 points) _
i. 100%of the annual hot water demand of top 8 floors of the residential building (5 points) Upto 5 Points
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Point System Method1 ENS 2021 Compliance

91 Solar Photo Voltaic (10 Points)

Additional:
Additional points can be obtainedby installing solar photo voltaic as per following:

I.  Equivalentto a minimum of 3kWh/m2.year of electricity or Equivalentto at least 30% of roof
area(2 points)

ii. Equivalentto a minimum of 4kWh/m2.year of electricity or Equivalentto at least 40% of roof Upto 5 Points
area(5 points)
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Introduction

A Quick deggn and compliance
ch ecks benchmarks of ECONIWAS SAMHITA.
A 5 keyfeaturesin consideration:

Mulstoy of Powar ECO-NIWAS SAMHITA COMPLIANCE TOOL

wmdn i

1. Userfriendliness
) i et (emo ki) | , [P . T
2. Responsiveness > Aordabe Hgh R | st (ot o se) : - i e G e e |
» LowRise | 5T (Low Rise) | City - Chimate: | composiTe [
3. Adaptability e e o [
. Construction Type - Housing Category rH»ghRnse -
4. Dynamism - R - !
Plot Aea (m?) | 15000 | Total o, of Residenfal Blocks | 5
5. Resourcefulness. Complance Metog Used @ Points System Prescipive Systers
A Compliance for Both Prescriptive and Points = e .
Based Systems. S g T S - — P
‘ Upioad Siteplan l g 2 tow Rise 1000 1 ‘s [ osscee %
| B 3 High Rise 1590 5 A

A Categoriesincluded: {) =%
» Project Construction type for compliance check

1. High rise S

» Project Construction Type
» ENS Compliance Criteria

2. LowRise | | —_—
3- Affordable N = — : . » Total no. of Residential Biocks
4. Mixed Use
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ENS Compliance Tools Key Features

A Provisions for multiple 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

Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH
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ENS Compliance Tools Key Features

A Easyto navigate tree-view structure

v Affordable High-Rise l TEST (Affordable High-Rise) J

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

v Low Rise ‘ TEST (LOW Ri%) 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

A Projectrelocation feature for multiple domain use

COMPOSITE

Affordable ... -~
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ENS Compliance Tools Key Features

A Segregatedsite level & block level inputs for easein A Comprehensive help panel on eachform for easy
information flow userreferencing
v Affordable High-Rise ‘ TEST (Affordable High-Rise) I : m::n:::;::':ygebrm?lmchock
w Site Level Information Oﬁ:.o:: = Ronge & bei!;z;'%:ﬂ_l ;;::90 Shemg e
Basement Lighting No:.:m :72_; = f:i_ss°
Exterior Lighting so;::st 1233333223
Pumps e e
Diesel Generator Set Dok B st 2es -
North

Power Factor
Energy Monitoring North West North East

EV Supply Equipment

Transformer 2925 67.5
Power Distribution Loss ey -
Solar Photovoltaic System
v bl 2475 125

» Envelope

» Building Services PG 202.5° 157.5° EeSES

» Indoor Electrical Use > ENS Code Purpose & Applicability

» Renewable Energy System : ::’;‘“cm‘:‘:‘::w

» Low Rise I TEST (Low Rise) ' > Pm:::p'
——

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

A Componentlevel display for mandatory provisions and points achieved

File Help

- = T~
| Site Level Information 5
» Envelope
¥ High Rise | tgst (High Rise) Yes ~ Select ~
» Site Level Information . :
v b1HR Meter Segregted Recording For:

» Envelope
w Building Services
» Common Area Lighting
Lifts
Pumps
w Electrical System
Diesel Generator Set
Power Factor
~ EmergyMonitoring
EV Supply Equipment
Transformer
Power Distribution Loss
Car Parking
» Indoor Electrical Use

> L2 y

Select -~ Select -~

Reporting Frequency:

Select ~

asement Li... Corridor Li... Power BackUp Gen... Outdoor Light Elevator Car Park... W;
V1 v

i
7
z
0
g
-

K
-
8
:

Upload Energy Monitor I

Climate Smart Buildings | LHP Rajkot | PMAY Urban



T W
ST FAT- STER
Fradhan Manti Awas Yojanz-Urban

GLOBAL
HOUSING
TECHNOLOGY
CHALLENGE INDIA

o= .
Cmg— h—|— | 7 s
Gﬂ?)ﬂa-iﬁr m p E Zusammenarbeit (612) GmbH

Ministry of Housing and Urban Affairs
Government of India

ENS Compliance Tools Key Features

File Help

Site Level Information
¥ bilir
» Envelope
~ High Rise | yesT (High Rise)
» 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

|

 S.No. Transformer .. BEE Star R... Rating Cl... KVA Rati._. Max Loss at 50... Max Loss at 100_..

L

" = I 1 oit BEE 5 Star Upto 22KV 25 100.0 500.0

Upload Transformer l
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@@ Compliance Result

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

Eco-Niwas Samhita Compliance Result

Envelope | Building Services | Indoor Electrical Use | Renewable Energy r Final Result |
I I 1

Building Envelope

Building Services

Indoor Electric Use

Energy Sy

Point Achieved

Total Points

87

51

Compliant

Generate Report
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Compliant

Total Maximum

Points
220

Generate Report l

Eco-Niwas Samhita: Compliance Check Report

w

ECO-NIWAS SAMHITA (ENS)
COMPLIANCE EVALUATION
REPORT

Project Information

Project Name Demo Building
State Chandigarh
City Chandigarh
Climate COMPOSITE
L d >=23.5° N
Building Construction Type New Building

Compliance Method Used Point System

Housing Category Information

»'m Eco-Ni ita- C

pli Check Report

1. Affordable High-Rise : Compliance Result

1.1. Building Envelope:

S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
Requirements
1 RETV(W/m*K) NA 14.59 44 80
2 U-Value NA 053 6 7
Roof(W/m? K)
3 WFRop Achieved 32.0 NA NA
4 VLT % Achieved 60.0 NA NA
1.2. Building Services:
S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
Requirements
1 Exterior Lightin: NA - 3 3
2 Basement Lighting NA = 2 3
3 Corridor Lighting NA - 3 3
4 Lift NA - 22 22
5 Pump NA - 11 14
6 Diesel Generator Sets Achieved - NA NA
7 Power Factor Achieved - NA NA
Correction
8 En Monitoring Achieved - NA NA
ystem
9 | Electric Vehicle Supply Achieved - NA NA
Equipment
10 Transformer NA - 6 6
11__|Power Distribution Loss| _Achieved - NA NA
12 | Car Parking Basement | Achieved - NA NA
Ventilation
1.3. Indoor Electrical End Use:
S.No. Comp Mandatory Calculated value | Points Achieved | Maximum Points
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
Requirements
1 Solar Hot Water NA - 7 10
iremen
2 Solar Photovoltaic NA - 5 10
System

Housing Plot Area(m?) Total No. of Total Basement Total Exterior Total Roof
Category Residential Area(m?) Light Area(in?) Area(m?)
Blocks
Affordable 10000 10 1000.0 1000.0 1000.0
High-Rise
Low Rise 1000 1 1000.0 1000.0 1000.0
High Rise 1500 100.0 100.0 100.0
"@ Eco-Niwas Samhita: Compliance Check Report
Consolidated Compliance Status of the Project:
S.No. Housing Categories Total Points Maximum Points | Minimum Points Cog:pliance
tatus
1 Affordable High-Rise 156 220 70 Compliant
.4 Low Rise 53 87 47 Compliant |
3 High Rise 82 220 100 Non Compliant
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Low Energy Comfort System in Housing
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S&L assists consumers in making educated decisions
about appliance energy usage and promotes the market
penetration of energy efficient appliances and
equipment. BEE established the S&L program in 2006.

RACs are the only space cooling appliance under the
mandatory labeling scheme. Ceiling fans and variable
speed ACs are under the voluntary labeling scheme.

STANDARDS & LABELING

= fmIRE giz

(S&L)

- ROOM AIR
CONDITIONERS(RACS)

— CEILING FANS

— CHILLERS
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Standards & Labeling (S&L)

1- ROOM AIR CONDITIONERS (RACS):

For variable capacity (inverter type) ACs, BEE established
a new star grading technique called the Indian Seasonal
Energy Efficiency Ratio (ISEER) in 2015.

This metric, which is based on the 1ISO-16358 standard -
with revisions to account for India's higher outdoor
temperature ranges, will be used instead of the Energy
Efficiency Ratio (EER).

ISEER takes into account the range of temperatures in

Indian climate zones throughout the year to produce a lli.EEsR LE Effici
. . . . 2 nailan seasonal chergy Iciency
more realistic estimate ogl(é%?lmg efficiency for the full B3t ratlnc for Altcorditianers
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Standards & Labeling (S&L)

BEE star rating levels for inverter ACs effective from June 2015 through December 2019 (BEE,
2015)

17 Star 3.10 3.29
21 Star 3.30 3.49
31 Star 3.50 3.99
47 Star 4.00 4.49
51 Star 4.50
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Standards & Labeling (S&L)

2 - CELING FANS:

Ceiling fans consumed 6% of the energy consumed
by residential buildings in 2000, and are predicted to

R R

Smart Ceiling Fan

consume 9% by 2020 due to an increase in the HVAC
number of ceiling fans installed. ’/\
Fan effectiveness, rather than efficiency, is a phrase . o PO
used to describe the volume of air provided per = poce

00000 @
00000
00000
00000
00000 | gonan

00000 8 nopoo

minute per unit of power (m 2 /minute/W) delivered
by a ceiling fan.

Both the BIS and the BEE give ratings to fans. = aooap | 65z | coooa | acoco

Smart Fan
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Standards & Labeling (S&L)

3 - CHILLERS:

ECBC (version 2) sets minimum chiller performance efficiency
based on Air-conditioning, Heating, and Refrigeration
Institute (AHRI) standards that provide test circumstances
more reflective of climate in the United States and Europe.

Recognizing the significance of the chiller standard, the
ISHRAE has undertaken the responsibility of designing chiller
test conditions. The standard, created collaboratively by
ISHRAE and the RAMA, establishes a new set of rating and
performance testing parameters (temperature, part load

weightages, and fouling conditions) for both air and water
cooled chillers.

ISHRAE has also created a standard for evaluating and testing
variable refrigerant flow (VRF) systems.
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Low Energy Cooling Technologies

EVAPORATIVE
COOLING

These are energyefficient cooling systems that are not
commonly used. These can be utilized as stanealone
cooling systems or in conjunction with traditional air

conditioning systems.

DESICCANT COOLING
SYTEM

PERSONALISED
CONDITIONING
SYSTEM

EARTH COUPLING

STRUCTURE COOLING
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Low Energy Cooling Technologies

1- RADIANT COOLING

(!_\-%"\\ ) o oy

B = AN\

— >0 [ [

Radiant cooling makes use of actively Overhead BT SN

cooled surfaces to enhance thermal comfort Ventilation System
by transferring heat from the human body
to the cooled surface via radioactive heat

transfer.

Radiant-based HVAC systems absorb heat —  _+—r——H——
from the room, which is then removed by

~ chilled water flowing through pipes

installed in the floors, walls, or ceilings, or

through externally fixed wall and celiling
panels.
The technique makes advantage of water's

far higher thermal capacity than air.
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Low Energy Cooling Technologies

2 - EVAPORATIVE COOLING:

The evaporative cooling technology is based on heat and mass transfer between air and cooling water

DIRECT INDIRECT
EVAPORATIVE EVAPORATIVE

COOLING COOLING

4 ) 4 )

Itis based on heat and mass
transfer between two streams of
Itis based on mechanical and air, separated by a heat transfer
thermal contact between air and surface with a dry side where
water only air is cooling and a wet side
where both air and water are
cooling

- J - J
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