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INTRODUCTION

1. Introduction of Ministry of Housing and Urban Affairs
2. Introduction of Global Housing Technology Challenge
3. Introduction of GIZ

4. Introduction of Climate Smart Building Cell
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INTRODUCTION Ministry of Housing & Urban Affairs (MoHUA)

DEMONSTRATION HOUSING
PROJECTS [L"Hl"i!

A Ministry of Housing and Urban Affairs

(MoHUA) is the supreme authority of the
Government of India to formulate and

monitor all the programmesconcerningthe

Tisk herhagy

Sub-Mission

housing and urban affairs of the country.

* Adoption of inovathe: technoiogess, bulkdng
AT & oo e,

vhbrm) o Slting d das

( 5 flagship mission Pradhan Mantri
Awas Yojna-Urban (PMAY-U) ensures a

130 !-.-:chrr. of the <
Economy are

pucca house for all eligible wurban

The i
householdsby the year 2022. ey
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INTRODUCTIONGIobal Housing Technology Challenge (GHIRDIA)

A Due to the need for sustainable technological solutions for faster and cost-effective
constructions suited to geo-climatic and hazard conditions of the country, MoHUA initiated the
Global Housing Technology Challenge (GHTC)India to identify and mainstream a basket
of innovative housing technologies across the globe.

A 54 proven technologies were shortlisted suiting different climatic zone conditions in the CTI
conferencein 2019.

GHTC-India Components

@ QO

Construction Identifying and Identifying Potential Future
Technology India: Mainstreaming Proven technologies for Incubation
Expo-cum-Conference Demonstrable Technologies and Acceleration Support
for the construction of Light through ASHA-India
House Projects (Affordable Sustainable

Housing Accelerators)
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INTRODUCTION GIZ AND IGEN (INDO GERMAN ENERGY PROGRAN

A The Governmentof the Republic of India and the Federal Republic of Germanyunder
the Indo-GermanTechnical Cooperation,agreedto jointly promote the O) T1-Gefman
Energy Programmed (IGEN) with the aim to foster sustainability in the built
environment.

A Deutsche Gesellschaftfiir Internationale Zusammenarbeit (GIZ) GmbH has been
working jointly with the Government of India for over 60 years, for sustainable
economic,ecological,and socialdevelopment

A Glzis an international cooperation enterprise for sustainable development which

operatesworldwide, on a public benefit basis
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INTRODUCTION CLIMATE SMART BUILDINGS (CSB CELL)

A Ministry of Housing and Urban Affairs (MoHUA) aims to enhanceclimate resilience

and thermal comfort in the affordable housing segmentthrough ) ' % progéamme,

Climate Smart Buildings (CSB)
A It will be achievedby adopting sustainableand low-impact design, materials, and the

bestavailable construction technologies

A The intent is to demonstrate the use of innovative technologiesto provide desired

thermal comfort for massreplication.
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CSB CELL OBJECTIVES AND ACTIVITIES

1. Light House Projects in India
2. Concept of DHPS & AHRCs

3. Integration of Thermal comfort standards into

Building Byelaws
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OBJECTIVES AND ACTIVITIESLIMATE SMART BUILDINGS (CSBELL

S.N Objectives and Activities

1 | Enhance climate resilience and thermal comfort in buildings.

2 | Technical support in the implementation of Global Housing Technology Challenge (GHTQ)ia
Provide technical assistance to promote thermal comfort in LHPs.

4 | Technical assistance to enhance thermal comfort in upcoming Demonstration Housing Project
(DHPs) and Affordable rental housing complexes(ARHCS).

5 | Inclusion of climate resilience and thermal comfort requirements in Building Bye laws in North
Cluster.

6 | Capacity development of Govt officials and private stakeholders on thermal comfort in the Nor
Cluster.
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AIM FOR THE INCEPTION OF LIGHT HOUSE PROJECTS

A Light House Projects have been conceptualized as part of Global Housing

Technology Challenge z India (GHTGIndia)

A Ministry of Housing and Urban Affairs Under PMAY (U), set up a Technology Sub-
Mission (TSM) to provide:
A Alternative sustainabletechnologicalsolutions.

A Better, Faster& cost-effective construction methodologies

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

A Construction of six LHPs with allied infrastructure and six categories of globally

proven innovative technologieswere envisagedin six different states
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CONCEPT OF LHP PROJECTS

The fundamental concept of the Light-House Projects is to
encourage large-scale participation of the people of India for
mainstreaming the proven technologies

A Serve as live laboratories for the transfer of technology to
the field by, planning, design, production of components,
construction practices,and testing.

Live Labfor :
V Students,
V Faculties,
V Builder,

V Professionals of Public and Private sectors, and other stakeholders, to
create technical awareness for on-site learning .

Site Visit

Exposureto
Technologies/
Materials/
Processes

Technical
knowhow

DthG llhﬂ

BmRE giZ s

sssssssss hslt (GIZ) GmbH

Pros & Cons
Suitability/Safety
Cost Factor
Speed/ Quality

Availability of
Materials

Economy of Scale
Demand

Availability of
Materials/ Skilled

Manpower
Logistics
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THE LIGHFHOUSE PROJEGTHNDIA

( T 1T 6PAimeiMinister Shri Narendra Modi laid the
foundation stone of six Light House Projects (LHPS)
each consisting of approx. 1000 houseson January
1,2021,in six cities :

A Indore (Prefab Sandwichpanel)

A Rajkot (Monolithic concrete construction using
tunnel formwork)

A Chennai (Precast concrete construction system
assembledat the site)

A Ranchi (Precast concrete construction system:
3d volumetric)

A Agartala (Light gaugesteeland PEB)

A Lucknow (Stayin placeformwork and PEB)

ssssssssssssssssssss
fir Internatinna_le
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LHP Indore-Prefabricated Sandwich Panel System

A Lightweight composite wall, floor and roof sandwich panels made of
thin fibre cement or calcium silicate board as face covered boards.

A Core material is EPS granule balls, adhesive, cement, sand, fly ash
and other bonding materials in mortar form

A The core material in slurry state is pushed under pressure into pre s -
set moulds.

A Once set, it shall be moved for curing and ready for use with steel |
support structure beams and columns Prefabricated EPS Sandwich Pane

Folhoks Solgheart | . Roghoes Block hole Steel Structure Prefabricated EPS Pane
Types of Prefabricated Sandwich Panels
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LHP Rajkot Monolithic Concrete Construction using Tunnel Formwork

ASSTIOnN Paral

sssss

ACustomized engineering formwork replacing conventional stee "t T

or plywood shuttering systems.
AMechanized system for cellular structures.
ATwo half shells which are placed together to form a room or ce -
AWalls and slab are cast in a single day.

AThe formwork is stripped the next day for subsequent phase.

Box out of door and windows Kicker form of tunnel formwork panel Monolithic Tunnel Formwork Panel
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LHP ChennaiPrecast Concrete Construction System Assembled at Site
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A Precast dense reinforced cement concrete <z} Preca KCC shear vall__|
hollow core columns and RCCshear walls is —
being usedasstructure .

A AACblocksin partition walls are beingused

A Dowel bars, continuity reinforcement placed at
connections

A Seltcompacting concrete is being used in
hollow coresof columns.

Precast  rebar  latthoe  girder
composite slabs, having reinforced
concrebe Mpping.

Installation of panels Precast concrete wall (Panels)
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LHP Ranchi Precast Concrete Construction Systemn3D Volumetric

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

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

A Prestressedslabsare installed asflooring elements

A Consecutive floors are built in similar manner to
complete the structure.

Pre Casting of building modules
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A Light Gauge Steel Framed Structure with Infil
ConcretePanels(LGSFSCP) Technology

A Factory made Light GaugeSteelFramed Structure
(LGSFS)light weight concrete and precast panels
are being used
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Precast concrete panels Light Gauge Steel Frame Structure Assembly of LGS Frames and Construction of Wal
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LHP LUCKNOWPROJECT OVERVIEW

Ministry of Housmg and Urban Affairs

Project Brief

Location of Project

Avadh Vihar, Lucknow, U.P.

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

Plot area 20,036 sg.mt.

Carpet area of each DU 34.51 sqg.mt.

Total built up area 48,702 sg.mt.

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

Other provisions

Community Centre, Shops

Broad Specifications Broad Specifications

Foundation

RCC raft foundation

Structural Frame

Pre-engineered steel structural frame

Walling

Stay In Place PVC Formwork System

Floor Slabs/Roofing

Cast insitu deck slab
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Ministry of Housing and Urban Affairs
Government of India

TYPICAELOOR PLAN

mIRE iz
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3D-BIRD EYE VIEW



® GLOBAL (&
: HOUSING i ; e Deuts h s u chaft
ey TECHNOLOGY b LA g— IZ Deutsehs
ST AAT-9TE mTa sssssssss hsn (GIZ)G bH
Fradhan Maniri Awes Yojane-Urtan CHALLENGE INDIA B <Al
Ministry of Housmg and Urhan Affairs

LHP Lucknow Stay in Place Formwork

A SIP formwork is an advanced hybrid construction technology consisting of rigid
polyvinyl chloride-based polymer panel infilled with self-compacting concrete in a
building envelope

A In this wall system PVCpanelis used as a permanent stay-in-place finished formwork
Instead of concretewalls.

A Hot rolled Pre-Engineered building steel sections act as a structural framework of the
building. ]

SIPformwork works asa partition of building walls.
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SESSIONL

Introduction to Affordable Housing
Challenges and Future Concerns

Need for Thermal Comfort in Affordable Housing

W o

Thermal Comfort (Indices, Thermal comfort in Affordable

Housing, Passive Architectural
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INTRODUCTION OF AFFORDABLE HOUSING

JI‘ .- A Affordable housing refers to housing units that are affordable

v by that section of society whose income is below the median
70 Lakh householdincome.

100 Lakh Houses Sonctioned _ _ ] ] ] . . ]

oL A Rapid increase in urbanization and believing it as an

opportunity to reducepoverty.

15 Lakh
iy | o A For addressing the huge housing demand in the Affordable
(Y Sector,Govt of India launchedPradhan Mantri Awas Yojana-
Urban in June2015,
E;[:, :2 t::: A Nearly 10 Million affordable houses are to be delivered by
ISSR* 4.5 Lakh 2022.
CLSS* 3.b Lakh

* Beneficiary Led Construction. Affordable Housing in Partnership. In  -Situ Slum Redevelopment. Credit Linked Subsidy Scheme
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_LE HOUSING SCHEME

The Pradhan Mantri Awas Yojana (PMAY) launchedin 2015 provides a fresh impetus 7

the PMAY-Urban (PMAY-U) subsumesall the

previous urban housing schemesand aims at

O( 1 OETI@ ke achievedby the year 2022. The total housing shortage envisagedto

be addressedthrough the PMAY-U is 20 million . The mission hasfour components

PMAY (U)
|
| | | |
: .. Affordable Beneficiarv Led A In-Situ Slum Redevelopment(ISSR).
[n-Situ Slum Credit Linked Housing in C Dnstructijzm or A CreditLinked Subsidy Scheme(CLSS).
Redevelopment Subsidy Scheme gh' h A Affordable Housing in Partnership(AHP).
(ISSR) (CLSS) Parfners} 1p En EEHCEI)Ilent A Beneficiary Led Construction(BLC).
AHP BLC
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CHALLENGES AND CONCERN

While the efforts of the Government has boosted affordable housing which has
generated positive outcome. There are various factors affecting the pace of affordable
housingdevelopmentin India:

A Lack of suitable low-costland within the city limits .
A Lengthy statutory clearance and approval process.
A Shortcomings in development norms, planning, and project design.

A Lack of participation of large organized real estate players due to low-profit
margins .

A The high cost of funds for construction finance makes the projects unviable .
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NEED FOR THERMAL COMFORT IN AFFORDABLE HOUSING

Temperature Outdoors: 16 C
Temperature Indoors: 24 C

| TCL=Thermal Comfort Level

A lack of thermal comfort makes us feel stressed, annoyed and l ‘
distracted if it is too cold and it can make us feel sleepy, tired, and
lacking concentration if it is too hot.

The need for thermal comfort Is asfollows :

U Thermal Comfort IncreasesProductivity and Performance i i .. n
U Providesinsulation from harsh outside weather conditions. (]
U Provide better radiant and ambient temperature within the envelope of 1 e
the building. ///7 7,
R

U Reduceshigh energy demands and conserve extra energy for future

Liéi

TCL: Too Hot TCL: Comfortable

USE.

U Promote sustainability to the designand surrounding environment.
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WHAT IS THERMAL COMFORT?

Thermal comfort is O O Etdte of mind that expresses
satisfaction within the thermal AT OEOI 1 &nd
generally assessedsubjectively (ASHRAE,2004).

Humanthermal comfort cannot be expressedin degrees
and A Al BeOdefined by an average range of

temperatures.

It Is a very personal experienceand a function of many

THERMAL COMFORT IS THE OUTCOME OF A WELL-

criteria, which differs from personto personin the same Jihci«imurt o The 1vpE OFACTIVITY PERFORMED

environmental space
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TRANSFER OF HEAT IN BUILDING ENVELOPE

Mode of Transfer of Heat

What affectsthe Thermal indoor environment?

A The heat exchangebetween the human body and its environment occurs mainly in

three ways
. - .
A Conduction LHH aporation
Radiation 7_27 g
A Convection A \,
y Convection
A Radiation »

)

Thermal indoor environment is affectedby both internal

and external sources jj
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HUMAN BODY PERCEPTION TOWARDS THERMAL COMFORT

Qevaporation

Qradiation

Solar Control Extarnal Gains

K 4 -">—» 'i__,,i
| ~ l ‘—H
Qconvection — Ventilation atural Cooling
W (B m f £

K $

Qmechanical e

Heat Mechanism And Human
Body Perception Towards
Thermal comfort refers to the percieved feeling on the human body as the result of the Thermal Comfort

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

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

Metabolic Rate M for Various Activities A Thermal comfort is maintained
Activity met  Wim®_ Btul(h + 6 by heat mass transfer .

Sleeping 0.7 40 13

Reclining 0.8 45 15 A Human body generates heat
Seated, quiet 1.0 60 18

Standing, relaxed 1.2 70 r

Walking (0.9 m/s, 3.2 kmvhr, 2.0 mph) 20 115 37 apout 100w under sedentary
Walking (1.8 m/s, 6.8 km/h, 4.2 mph) 38 220 70

Office- reading, seated 1.0 33 18 conditions with a body area of
Office, walking about 1.7 100 31

House cleaning 2.0-34 115-200 37-63

Pick and shovel work 40-48 235280 74-88 1.5t0 2 sqm.

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

Heavy machine work 4.0 235 14 A More layers of clothing = more

Source: Courtesy of ASHRAE, Standard 55-2013: Thermal Environmental Conditions for

Human Occupancy, American Society of Heating, Refrigerating and Air-Conditioning . : _
Engineers, Atlanta, GA, 2010. With permission, insulation = less heat loss
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

\J\Uml'dfr},

Environmental Parameters/Factors

A Air Temperature

A MeanRadiant Temperature
A Air Velocity

xabolic s
A Humidity S0l R,

Personal Parameters/Factors

A Clothing Level

A PhysicalActivity
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

Air
Temperature

It caneasily be influenced with passiveand mechanicalheating and cooling.

Mean Radiant

It allows defining the operative temperature which is the most essentialcomponent of

Temperature thermal comfort.

Air Velocity Quantifies the speed and direction of the air movements in the room. Rapid air veloci
fluctuations might result in draught complaints.

Humidity The moisture content of the air. Too high or too low humidity levels may induce

discomfort.

Clothing Level

The amount of insulation addedto the human body. Higher clothing levels will reduce
the heat lost through the skin and lower the environment’s temperature perceived as
comfortable.

Physical Activity

The amount of heat produced by the human body and therefore also in the perceptio
of a hot or cold environment.
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

Direct Parameters For Measuring Thermal verosrew,
Comfort . As - / [ e [es
o — - = : il 15
1. Dry Bulb Temperature : Single mMOoS! warenew =1/ o il b
Important index, especially influential wher g P — W w// / f: i f:
Relative Humidity is in the range of 40 to 60%. | A /,m%i“ /V:;oj *'f
2. Moisture : Three measures d / rog _1:5
A Dew point temperature : The temperature i o -:§
below which the water vapor in a volume of air f% :"
at constant pressure will condenseinto liquid 4 , ;,’f ::
water. It is the temperature at which the air is )ﬁérf{; =k - - FZ» - f L fo ? ::
saturated with moisture. g R S oy T [' | t e | B
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

WET BULB TEMP,
A wet bulb temperature : The wet-bulb i sy
_ DEW POINT TEMP. MOISTURE QUANTITY 2 F
temperature is the lowest temperature that — ’ L | P
WATER TEMP, i} 1.4
can be reached under current ambient ..../ oo | |5
conditions by the evaporation of water o =g
| _1_1?
only. use full for describing thermal ,4‘-“2 10 ¢
: : . 03] |9,
comfort in the region of high temperature. *-f-*mg i i
4»--"-§ :7§
100
25§ s
)——"’4”> =
= 1| |8
3
¥
}
L

w k|
— —
20
5'/‘//4/ L ..‘
- .

n N 0 45 50 5 00 65 0 75 80 s %0 9% 100 105 110 s m°
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

A Relative humidity : Relative Humidity (RH) is a wrwvwrm/m )
. 220 _!_,6
measureof the water vapor content of air. — A—+T | Ls

—

= . . . WATER TEMP,
Ot)is the amount of water vapor present in air oY
DRY BULB TEMP,

expressed as a percentage (%RH) of the

'-. —

By =
Grains

- ~

T-
8

Weight of Water Vapor in One Pound of Dry Air—
L

<

. I= = 1= 1= 1= 1~

amount needed to achieve saturation at the
sameOAl PAOAODOOAGS

Very low and very high values are associated

=
o

=

~

=1
x

1

L
©
Vapor Pressure - In. of Hg.

'

—

Is
o

with thermal comfort.

Is

s

Ly

3. Air movement : Most difficult of direct indices to ‘ ;/
—
——

) =
describe, it affects only convective heat exchanges ég,

from body and surroundings within envelope JE I DTN
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

Derived Parameters For Measuring Thermal Comfort
A Mean Radiant temperature : The mean radiant temperature (°C) is a numerical
representation of how human beingsexperienceradiation.

A Operative temperature : Operative temperature is defined as a uniform temperature of a
radiantly black enclosurein which an occupantwould exchangethe same amount of heat by
radiation plus convection asin the actual non-uniform environment. Numerically it is closeto
the averageof indoor dry bulbs and MRT.

A Effective temperature : Combinationof 50% relative humidity with the operative temperature
that causesthe samesensibleplus latent heat exchangesasin the actual environment.
It is an experimentally determined index of the various combinations of dry-bulb temperature,
humidity, radiant conditions (MRT), and air movement.


https://www.sciencedirect.com/topics/engineering/dry-bulb-temperature
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

Thermal comfort limits can be expressedby the Predicted mean vote (PMV) and the
PercentagePeople Dissatisfied (PPD) indices on the basis of the above direct and
derived parameters.

PMV is an index that aims to predict the mean value of votes of a group of occupants
on a sevenpoint thermal sensation scale The thermal sensation is generally
perceived as better when occupants of space have control over indoor temperature

(1.e., natural ventilation through an openingor closingwindows).

- & @ _ »'i--.- =
g * . e -
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

(PPD)Predicted percentage dissatisfied essentially gives the percentage of people
predicted to experiencelocal discomfort. The main factors causinglocal discomfort are

unwanted cooling or heatingofani A A O BlodyO6 O

-:' b d % I
COLD CO0L SLIGHTLY COOL NMEUTRAL SLIGHTLY WARBM WAABTRA HOT

-3 -2 -1 0 +1 +2 +3
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

Acceptable PMV and PPD Ranges

Usingboth of theseindices, ASHRAESS dictates that thermal comfort can be achieved

basedon 80% occupantsatisfactionrate or more.

U In order to comply with ASHRABS5, the recommendedthermal limit on the 7-point

scaleof PMVis between-0.5 and 0.5.
U The PPDcanrangefrom 5% to 100%, dependingon the calculatedPMV, In order for

comfort ranges to comply with standards, no occupied point in spaceshould be

above20% PPD
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

AN U The predicted percentage of

o dissatisfied (PPD) index provides

an estimate of how many occupants

17

1 i

16

iIn space would feel dissatisfied by

15

14

the thermal conditions.

13
12

1"

U All occupiedareasin a spaceshould
be kept below 20% PPDin order to

o O N 0 W

ensurethermal comfort accordingto
the known standards (ASHRAESS)
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USE OF PSYCHROMETRIC CHART FOR THERMAL COMFORT
The psychrometric chart and os % F40 T
Defining the comfort zoneonit &/ /, -m&% ié 6 The Comfort Zone And
. u O
E 32 % Various Types Of
30
28
é ” g g Discomfort  Outside The
& F2 ¢ E
€ F2 £ = Zone As Shown In This
o F® g =
7] % > =
S Fu %‘ 2 Psychrometric Chart.
& 10 D
A
e
0

Temperature
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USE OF PSYCHROMETRIC CHART FOR THERMAL COMFORT

Moving across Relative Humidity (%)
the psychrometric chart « Fao = 6 How To Change The
| g - E
3% .
g * 5 Humidity, Temperature
EEE3 & . |
S Ix 8 5 While Moving To The
¢ b2 2 2
& F2 g 3
g€ f2 & I Chart.
hard to I £ ® F18 E =
temper; / ' . S w O
2 A 008 E :g E ué"*'
008 E 8 E 5
004 % f %’
e — v - 002
——— hard to lower humidity 0% §
2393288 RL8888888 2

- - -~ 2 s g & & $ <
Temperature (deg F or deg C)
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USE OF PSYCHROMETRIC CHART FOR THERMAL COMFORT

Various methods and technologies
to bring indoor air conditions into the comfort zone Incorporate To Achieve Thermal

EnhancedPassiveSolar Technology

(@

- . -0z £ P9 S Comfort Within Building
air conditioning £ - . E 36 E
5 e, : e 34 o
o ‘: > 022 O i% 5 Comfort Ventilation.
wentilation A 1
{7 2 [ S =2 %
- N /’?/" % E 2« = 6 Internal And External Gains
solar interral 1.?." - t g ﬁ
ﬁsﬁd /’ : E 1. € o Thermal MassWith Night Flush.
conventicnal //4 . q'd* i % E
ot 2 £S5
oz O F4 3
o

Conventional And Low Energy

(@

" -q
w g w g w gofu o W 2 W\ v o — tharrnal mass
) o oW fa M~ = @ @ = = = - "F - .
- = with night flush Heating And Cooling
thermal
= w0 = w = W = S C mass
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

m Appropriate orientation of the building

A Daylight penetration and fenestration design have

%"b

implications on heat gain/loss through the building

envelope

A Careful orientation of fenestration can help achieve
thermal and visual comfort
A Daylight harvesting from the north and south facade

should be maximized with proper orientation of the

@ building.
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

Most effective shading . .
allow ventilaton between fabric S h ad I n g D eVI CeS
and shadin? ) 90-95% solar gain reduction , . .

i ¢ A Reduceheat gain and cooling energy

15m

useof the building.

“.v\_} {
g

L-’ e/ 75% solar gain reduction

-75% s e A To prevent summer overheating and

reduction

Horlzontal solar shading Vertical shading Horizontal + vertical ‘fins’
south west/east SW/SE

glare, a good shading device strategy
should be usedwith glazedopenings.

A Well designed sun shading devices

B5=90% solar gain

G0-75% sclar gain 85-90% solar gain

i el it will help keep the building cool and
Awning {Movable) horizontal (Movable) vertical fins/louvres
Bottom three shading devices are suitable for all orientations if movable shading fins. CcO mfo rt ab I e

They are effective solar shading, but reduce daylighting and winter solar gain so use with care.

Design sliding/inward-opening windows, which do not impede natural ventilation. Design top
inward-opening ‘hopper’ windows for night cooling (h.).
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

EXTERIOR SHADING DEVICES

A Exterior shading devices can be

B el ! A provided Iin a variety of materials and
-

designs, sunshades, awnings, louvers,

DIFFEREMNT TYPES OF OVER HANGINGS

bamboo screens,jaali, and green cover

L] E — E through vines.
— —1I —

cower Focade serser A These can be implemented with

DIFFERENT TYPES OF SCREENS

e minimal costimplications and havethe

to span without need of
oxtra cupport.

oA
i A Basveans most favorable cost-benefit relation
i/

65% from south and 77%
from sast.
T

: . I Ad_uztgbglaLug'z can .
R e s e B with respectto thermal comfort.

DIFFEREMT TYPES OF WINDOW SHADINGS
Loast cost solution for

c.mm-;; heat gain into the
building
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

‘Thermal mass' describesa material's capacityto absorb,store and releaseheat.

A commonanalogyis thermal massasakind of thermal battery.

A When heat is applied (to a limit) by radiation or warmer adjoining air, the battery
chargesup until which time it becomesfully charged

A It dischargeswhen heat starts to flow out asthe adjoining air spacebecomesrelatively

cooler.
/:;_Jr:.\'l DAY NIGHT @ DAY NIGCHT
SN .
. HEAT HEAT
., HEAT HEAT RELEASED REMOVED
‘\“ ‘a\‘ STORED RELEASED “.
;‘ \‘I .
3 - - Y B

WINTER SUMMER



® GLOBAL A . G “ .
: HOUSING o
f;;ﬁmﬁﬂ TECHNOLOGY ":iiim ..fv h_lp_ I Z 'us::r: mmmmm hs.t (GIZ)G bH
Prdh Mar Avas Yt CHALLENGE INDIA "'I
Ministry of Housmg and Urban Affairs

Gowi ent of India

PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

A Denser thermal mass materials are more effective passive solar materials. Thus,
denserthe material the better it stores and releasesheat.

A Integrate thermal mass with an efficient passive solar design, by considering the
placementof addedmass

A Do not substitute thermal massfor insulation. It should be usedin conjunction with

‘Damping
Rafio’

nernal temp

A00C

Insulation.

‘Comfort zone’

External temp

15°C
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WESTERM SUM |LATE AFTERMODMN)

¥
"

CROSS - VENTILATION

WINIER SUN ..l
Yhoteghc res plonling around your homss oon hedp peoheci
S
~\
"il‘,.\ SUMBER SUN
\ WINTER SUM % I |£ I _
o
@ strategically locating doors & windows during
RO the design phase of your home can promole

good conditions for cross - venhilotion

Eaves & shading devices can protec! windows lrom
direct sunlight In summier and ollow winker sun to

penetiale inlemal living areas g

Lhadng devie e Wed 1o axdemnol verandald L Deigodss £on
(o el pa I peenehabe indemal Bvindg oreod wihibs Do idng
thia ROTH SUMITSH JUT
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

SCE VAT £
HOU WATEQ. & W

T vy
WW*M

w ‘ ..' m
m!'J

WATEE. DLase . LOW USE APPLIALCDS
T NEW AURPPUY
METERRO
“4 PTIER. ADOED,

"

W) i‘
7nww.mm ’ l'
\ MI o

—_—-

N

WAYDUT FACLOTHTES woT A
PAMAUST US00S9 e .
PNTERRRION . FULL WENMT Doad®
FACAITA T &l Pow |

s TUEAL VENTILATION THRIuCLOUT

i b3 — oM

FABEL UPCRATE” - TS

S ITP LOCATION « TREEY Ll T 5w Wy

ST P T AL YPVL.
ADD My 1D MW RS -
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U Layout facilitates hot

air exhaust using
stairwell .

Airflow facilitation
and natural
ventilation.

Use of trees to limit
sun path.

High thermal mass

materials in envelope



® GLOBAL ¥ ;‘ £ 1 tsche 6 f
: HOUSING e R ISR | gy | = Deutschs Gesslischait
mm“ﬁm TECHNOLOGY an h I'I'I I p E I Z fir Internationale
Prahan ﬁ'& AAAAAAAAAAAAA \?;3||§§ Eila:,[ ssssssssssssss (612) GmbH
Ministry o fH g d Urban Affairs l:lg‘-'?\q—c[
India 3 i cl

PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

Courtyard configuration Thermal mass

: Transitional space
Ventilated roof and shading Direct

solar radiation

AN PN P i NN

ﬁ ﬁ

1 SDiffuse Ny |
solar radiation. ¥
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

4

High Solar Reflection Double Glazing
Green Hoofs
I j
Lo ::-_‘T_'_-_1
Louvre Shading Devices

Wind Catcher

| e bt vt -
e g b

- 2

Evaporative Cooling

Indirect Radient Cocling

Insulation

O«

O«

O«

O«

O«

(@]

(@]

Green roofs.

Louvre and shading devices.
Insulation

Low energy cooling techniques.
Wind catchment and ventilation.
Double glazed glass.

High solar reflective surface.



SESSIONL (Contd.)

1. Thermal Comfort Standards (IMAC,ASHRAE)
2. Effect of Building Material Properties on Thermal Comfort

3. Low Energy Comfort Cooling and Case studies
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

: Standard of adaptive thermal comfort

Ind|a based on Indian specific model
guideline (currently for office /
commercial buildings),

Applicable for air conditioned,
MOdeI for naturally ventilated and mixed-mode

buildings,

Adaptive Includes the wide temperature ranges
in all Indian climate zones,

Shows 90% and 80% acceptability
Comfort bands.
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

Ahmedabad: IMAC Band, Naturally Ventilated
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

Srinagar: IMAC Band, Naturally Ventilated
u

30.0 5 8 v C SIS S S
28.0 o o™
o o @
£26.0 « 3 <
© = x| :
C P > Time Stamp
W e @ P~ -
= ==
~» —- % i j
O 8220 N p- - S N [ Survey Responses ] l Indoor Data } [ Qutdoor Data ]
@ : ©
L =200 w o~ o = - o
_g P~ P~ w & N
D ®180 © _° e
& 160 — 0
i P o - -
5 - " Votes Vs. Indoor
- 14.0 ) & = .
£ < po = 8 Climate
<] - - - . 4
120 <« & ]
§ O 8 % v
10.0 =
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec Hl’.‘l..l[]'ﬂlit}"
Meutral temp. = 0.54*(30-day outdoor running mean air temp.) + 12.83 S ] Al II - 1
%) R*=0.81, p < 0.001 ¢
‘3; 15 T e E LR LI CLETELEE ",
«:’; e LT
g 30 : Neutrality Vs. Outdoor P2
£ s 1 Pl
z s ; Chmate -
E P Sk
3 g \l; i<
Z 2 ; il o=
z == 90% scocptability = 42 4°C i Acceptability Limits P A
z 15 ) 85%, acceptability 3.3°C 3 -
80% acceptability = +4.1°C
10
10 15 20 25 30 35 40 STAGE 2 J\.dﬂpth‘& Maodel
30-day outdoor running mean air temperature (°C)
Meutral temperature 90% acceptability == == E5% acceptability ««=s== 80% acceptability

IMAC model for naturally ventilated buildings.
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40
Neutral temp. = 0.54*%(30-day outdoor running mean air temp.) + 12,83
O R* =081, p<0.001
& i P
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=
-
.
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=
=
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=
-
2
e 20
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= oo
- - et 90%s acceplability = £2 4°C
A ) £5% acceptabihity = £3 3°C
80% acceptabihity = 24 17C
10
10 15 20 25 30 5 40
J0-day outdoor running mean air temperature (°C)
e Meutral temperature = 00% acceptability = = 85% acceptability =++==- 80% acceptability
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

IMAC model for naturally ventilated buildings.

The model indicates that
occupants in NV buildings
thermally adapt to the
outdoor temperature of their
location and the neutral
temperature varies from 19.6
to 285 C for the above
outdoor limits.



Neutral operative temperature (°C)
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

Neutral temp. = 0.28*(30-day outdoor running mean air temp.) + 17.87
R*=0.72,p < 0.001
............ 907 acceptability = £3.5°C
85% acceptability = 24 8°(
S0°% acceptability = =5.9°C
10 15 20 25 30 35

30-day outdoor running mean air temperature (°C)

Neutral temperature 90% acceptability
- = =85% acceptabthty 000 eeeeeees 80% acceptability

IMAC model for mixed mode buildings.

40

The acceptability limits derived from
the IMAC data are wider for MM
buildings model than NV.

This may be a result of the occupants
knowing that the required comfort
systems exist and will be operational
when the external conditions are
extreme.
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ASHRAE 58020 (THERMAL COMFORT STANDARD)

ASHRAE (American Society of Heating and Refrigeration
Engineering) Standard 55 specifies conditions for acceptable

| ANSUASHRAS Scandrd 552020 thermal environments and is intended for use in the design,
e operation, and commissioning of buildings and other occupied
spaces

Thermal
Environmental
Conditions for

Human Occupancy

See Appendix N for ASHRAE and American National Standards Institute approval dates. =
This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
ti documented, consensus action on r for to any part of the Stand uctions for how to submit a
n be found on the ASHRAE® org/continuol 4
= Pa N v Pal
The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website .ashrae.org) or from - - -
ASHRAE Customer Service, 180 Technology Parkway NW, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free |-800-527-4723 (for orders in US and Canada). For
reprint permission, go to rae.ol rmissions.
©2021 -2336
A L 4 N\ nm A
[] [] []
,,wk-num,w%
J@’ .
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ASHRAE 58020 (THERMAL COMFORT STANDARD)

The standard was primarily designed for thermal comfort in spaceswhere occupants are in
sedentary states(i.e., office work) . However, it canalso be employedto cover other types of indoor
environments like residential and commercial spaces

This standard is basedupon four pillars:

A The six environmental and personal factors taken into account are temperature, thermal
radiation, humidity, airspeed, activity level (metabolic rate), and occupant clothing (degree
of insulation). In order to comply with ASHRAES5, all of these factors must be accountedfor In
combination.

A The thermal conditions that ASHRAESS5 aims to achieve are applicable to healthy adult
occupants,up to an altitude of 3K meters, where occupancytime must surpassl15 minutes.

A This standard does not take into consideration factors including air quality, acoustics,
Illumination, or contamination.
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ASHRAE 582020 (THERMAL COMFORT STANDARD)

ASHRAES5 Optional Method for Determining Acceptable Thermal Conditions in Naturally
Conditioned Spaces
U In order to apply the adaptive model, there should be no mechanical cooling system for the

space occupantsshould be engagedin sedentary activities with metabolic rates of 1z71.3 met;

and a prevailing meantemperature greater than 10°Cand lessthan 33.5°C.

Adaptive comfort model as per ASHRAE 55 T__=0.31T_pma +17.8
80% Acceptability Upper limit (Eqgq + 3.5) T __=031T_pma +21.3
80% Acceptability Lower limit (Eq - 2.5) T__=031T_pma +14.3
90% Acceptability Upper limit (Eq + 2.5) T__=0.31T_pma +20.3
90% Acceptability Lower limit (Eq - 2.5) T _=031T_pma +15.3

T . ¢ Indoor comfort temperature corresponds to acceptable operative temperature
T__.: Prevailing mean outdoor air temperature

[alypl
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ASHRAE 552020 (THERMAL COMFORT STANDARD)

ASHRAES5 Optional Method for Determining Acceptable Thermal Conditions in Naturally
Conditioned Spaces

50F 59 F 68 F 77 F 86 F 95 F

. . 32
A In order for this optional method to
30 860F
apply, the spacein questionmustbe - 4247
equipped with operable windows 5 2
2 L, .
that are open to the outdoors and £
,E 22 : T16F
can be readily openedand adjusted & ,, , 90% scceotabfity imits | |
- H\\“xL_ |
by the Occupantsof the space E 18 | [80% acceptability limits | 64.4 F
16 - - - - : _
A PMV and PPD are used to o
14
determine these acceptability ° 10 " 2 2o % 3
mean monthly outdoor air temperature (°C)
ranges Acceptable operative temperature ranges for naturally conditioned

spaces
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EFFECT OF BUILDING MATERIAL PROPERTIES ON THERMAL COMF

Materials hasadirect impact on the achievementof the required thermal properties of a

building due to their different thermal properties.

1. Thermal Conductivity : The amount of heat

transferred through unit area of specimen

Area(m2)—\
with unit thicknessin unit time iIs termed as
Thermal Thermal
thermal conductivity. it is measured in Wy ’ ’C‘;gg(“nff;(v)';v

W/(mK). The lower the thermal Tmperaturel— N

conductivity of a material, the better the

thermal performance.
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EFFECT OF BUILDING MATERIAL PROPERTIES ON THERMAL COMF
B 5 | | 25 °C 26 °C
2. Specific Heat: Specificheatis the quantity of
heat in kilo-joule required to heat 1Kg by 1 e | glass

kelvin/ celcius. Specific heat is useful when we

Amount of
heat supplied

usethe material in high-temperature areas Unit

Is kJ/ kg .K or kJ/kg.C.

26 °C

c= AL :
mA @ E=p 1 kg
AE = mcA@ water

m = mass (kg)

¢ = specific heat capacity (J/kg°C)
AFE = change in thermal energy (J)
A 8= change in temperature (°C)

Amount of
heat supplied
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EFFECT OF BUILDING MATERIAL PROPERTIES ON THERMAL COMF

3. Thermal Mass. Thermal massis the ability of a material to absorb, store and release
heat.

Thermal lag is the rate at which a material releasesstored heat. For most common
building materials, the higher the thermal mass,the longer the thermal lag.

It is calculatedby multiplying the specific heat capacity by the density of a material. The

unit of thermal massis kJ/m 3.K

4. Density of material : Density is the weight per unit volume of a material (i.e. how

much a cubic meter the material weighs). Unit is Kg/m 3
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THERMAL TRANSI\/IITTANCE MALUE)

The U-value is a measure of how much heat is lost through a given thickness of a
particular material but includes the three major ways in which heat loss occurs
conduction, convectionand radiation.

it is the inverse of resistancevalue R. Unit of U valueis W/m 2. K.

The general formula for calculating the /alue is:
U=1/Rt

Where R is total Thermal Resistance of the element
composed of layers in m2-K/W.
Rt=R1+R2+R3......Rn

R1, R2, R3, Rn = Thermal Resistance of each layer, wh
IS obtained according to:

R=d/K, where K is thermal conductivity. d is thickness.
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GUIDANCE ON-WALUE, SHGC AND VLT FOR FENESTRATIONS

1. U-Factor: Heat transmittance through the window. A lower number
Indicates lesstransmittance through the window.

2. SHG((Solar heat gain coefficient) : Blocking the O O [radi@nt heat.
Lower SHGGneanslessradiant solar heat gain through the window.

3. VLT Visible light Transmittance : Visible light passedthrough the
window. VLT is rated between O and 1. A higher number indicates
more light is transmitted.

Glazing Assembly U-Factor R-Value  SHGC vT

Single Glass 11 0.9 0.87 0.90
Double pane, insul. glass 0.50 2.0 0.76 0.81
High-SHGC, low-e, insul. glass 0.30 3.3 0.74 0.76
Medium-SHGC, low-e, insul. glass 0.26 3.8 0.58 0.78
Low-SHGC, low-e, insul. glass 0.29 3.4 0.35 0.65
Triple-glazed, 2 low-e coatings 0.12 8.3 0.5 0.65

U-Factor = 0.25

SHGC =0.39
39% of solar het
gain transmittec

VT =0.70
70% of visible
light transmittec
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GUIDANCE ON-WALUE, 'SHGC AND VLT FOR FENESTRATIONS

Design Factors that impact on U-value, SHGCYVLT Etc.

Climate Analysis : To selecttype of glazingasdifferent weather impacts differently .
Optimum Orientation of Building : Before selecting any glazing material, study of
building orientation is must, if rightly oriented, we may get energy efficiency without
using high performance glass (according to Indian context, South-West orientation Is
responsiblefor maximum heat gain).

Shadow Analysis: Shadow of the building as well as surrounding also impacts heat
Ingress(direct & defused),hencechangesthe glazingrequirement.

Daylight Analysis : Study of available lux level, window size and other passivedesign

should be consideredbefore defining the required VLT of aglass
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GUIDANCE ON-UVALUE SHGC AND VLT FOR FENESTRATIONS

Dosin Indian climatic Context

O« O«

O«

S

O« O«

0

Chooseproducts with least SHGGnd U value and optimum VLT.
Determine an optimum set of values for U-value, solar heat gain coefficient, and
visible transmittance.
Add overhead shading, use dark tinted glassat visible height and clear at higher
levels. For shadedwindows, products with lower U valuesperform better.
1 18 l[@dian climatic Context
Do not useglasswith very low U value and moderate SHGC
Do not assumedark tinted glassbrings solar control
Do not useun-insulated frames

Note: Rememberthat samefenestration product behavesdifferently w.rt. the specific design It should
not be assumedthat products with Low U-value and SHGGre bestand universal solution.
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Some promising sustainable materials for

better thermal comfort are:

1. Fly Ashsandlime gypsumbricks

2. Compressedearth

3. Solid/ hollow concrete blocks

4. Coir polymer composite boards and ply
<)

. Ferro cementand Aeroconpanels
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SOME SUSTAINABLE BUILDING MATERIAL ON THERMAL COMFORT
Somepropertles of alternative materials

Sr Prnpﬂ'l:j:i Bamboo I_"n-r:rl:tt Ferrocemen Fiber- ﬁ!. ash bricks AMud Hice husk straw bale
No Blocks t and | Cement Blacks iwith bricks)
Acrocon comparsit (compres
pancls s sead )

1. Structural Waorks Can be | Lightwesght The hight Reduce Economac Pozzoloan: Stable amnd
better given and reguires | weght, pollution. =ave | and c. high load
with strength Mo wet | hagh energy. roduce | energy economacal beanng
mosture as per plastening strength o | mercury effrcrcnt . COTOSIOoN power
mn shear | regquared; {aerocon ) werght pollution and resistance
forces; less high strength | ratio, cosi 2% INCTEASes,
have hagh meortar Jow  demsity | comosion le==s than hight weizht
Flexibality | jount azx | and high | resistance, tradhitional <lay final
than stecl | =re crack crack brck product
and lower | bugger resistance of | resistance. manu factunng.
young's whach meortar flexabality, high strength.
modulus. INCTCRSCS (Ferro hghtness lower walter

stabulity cement ) penetration,
2 Thermal Excellent Excellent Excellent Excellent Excellent Excellent Maoderate Modcrate

3. Tempseratur Muoderate Excellent Excellent Moderate Excellent Excellent Depends on Also depemds
c amdd water COMPOSIto O brick

resisiance n as § 15 | CoOmMpPOSHEon
(NEFLA) as as il 1= rmaxed
sdmxiure with the bnck
ard with mrsc

4. Buildabality Moderate Excellent Excellent Excellent Excellent Excellent Moderate Moderate
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SOME SUSTAINABLE BUILDING MATERIAL ON THERMAL COMFORT
Locally available natural fiber and its usein building constructlon

ltem Euurtt Application in hilﬂlg muaterial

Rice husk Rice mlls As fuel, for manufactunng building matenals and products

Banana leaves/stalk | Banana plants In the manufacture of building boards, fire resistance fibre board

Coconut husk Cotr libre industry In the manufacture of building boards, roofing sheets, insulation boards, building panels, as a

hghtweight aggregate, coir fibre remnforced composite boards

Grroundnut shell Ciroundnut oil mills | In the manufacture of builldings panels, building blocks, for making chip boards, roofing sheets,
particle boards

Jute fibre Jute industry For making chip boards, roofing sheets, door shutter

Rice/'wheat straw Agnicultural farm Manufacture of roofing units and walls panels/boards

Saw mull waste Saw mills'wood Manufacture of cement bonded wood chips, blocks, boands, particle boards, insulation boands,
brgueties

Sisal fibres Sisal plantation For plastering of walls and for making roofing sheets, composite board with nice husk, cement
roofing sheet, roofing tiles, manufactuning of paper and pulp

Cotton stalk Cotton plantation Fibre boards, panel. door shutters, roofing sheets, autoclaved cement composite, paper,

plastening of walls
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LOW ENERGY COMFORT SYSTEM

Evaporative cooling (Direct/Indirect)

evaporative cooling can be made more

. . . . . efficient by coupling it with a solar chimney
Evaporative cooling is based on the principle that incens s movement mdveocty| N\ g
. through the bullding ’.: e o
water evaporates by absorbing heat from the shadewaterbodiestofutherreduce \s}'
temperaFure of ti?e water and
surroundings. When air is passed over a water T etk -
surface, evaporation results in the cooling of the air e A

stream. T3
v When hot outdoor air is passedthrough the cooling ‘
medium, sensible heat from the air is extracted to

spray devices and screens

evaporatethe water flowing through it. can be used instead
] ] ] of water pools for the same effect
v Water passing through the cooling media y .
evaporates into the air, reducing its temperature P i /j// - g
. . . . thrgughl evaporation = Ny
and producing a cooling effect and increasing the T |
A E Bubnidity. |
v Evaporative cooling is most effective in hot and dry pool P
- . courtyards are ideal for
climateswhere water easily evaporates sl el

in hot and dry climates
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LOW ENERGY

Evaporative cooling (Direct/Indirect)

The performance of an evaporative cooling system is

dependenton severalcritical parameters:

1. Differencein dry-bulb and wet-bulb temperature
of outdoor air

2. Efficiencyof the cooling media

3. Flow rate of air through system

Water
addition
Hot ambient air Cool air
(dry) 7w (moist)
¥

L

aet:gi] = Total -?aan : Total
——— lenthalpy Wet surface ) et tuftnﬂilggrdj
== (porous media) | == |

;/ N 4
o) Deutsche Gesellschaft
-~ ’ I Z fir Internationale
3,] I; ﬂ é IEF[ Zusammenar beit (61Z) GmbH

COMFORT SYSTEM

V In composite climates evaporative cooling
systemscan be usedto reduce HVACsystem use
during early summer months when the
temperatures are high and humidity is low.

2-Stage or Indirect/Direct
Evaporative Cooling

Exhaust 6 6
air 6 6 6 6

42.0°CDBT, 27.2°CDBT. 6 20.3°C DHT,

23.5°CWBT 19.5°C WBT Fo 19.5°C WBT
=
L

=) |-
DAMA 4
o
2
Primary air (ambient) Sensibly cooled air [[2 Cooler supply air

Secondary air
(ambient)
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Evaporative cooling (Direct/Indirect) ﬁ A
| l wetted pad or any othd_:r 3 g e
V The direct system could be = e
. . ﬁ={\/l-'-=| : = supply from chiller
functional during the dry season, . Gl
. . . eat exchanger ——_Jf (114} cooling col P reneating co
when humidification of air is 7™ ll:H =i i
required, and indirect system can™mz=ssidg || L IEE00 "11 e } a3
. . . ; = dry air i B ’ humid air ' i B S
be usedwhen air primarily needsto — Lj 4 A ) _H
be cooled. 4
l ‘ == I Air Handling Unit with cooling coil
indirect evaporative cooling direct evaporative cooling
only wet season only dry season
¢ TWO STAGE =———)
¢ — THREE STAGE >

V The addition of cooling coils (chilled water or refrigerants) is helpful in monsoon seasonwhen the
humidity level is high and dehumidification is required. Freshair passedthrough the coils controls both
sensible and latent heat requirements. The coils are also useful in winter seasonwhen some heating is
alsorequired.
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LOW ENERGY COMFORT SYSTEM
CaseStudy STMary School Pune

The school sought a low-cost, low-energy and low-noise

solution to provide thermal comfort inside a 500m2

auditorium being added to the existing structure.

Conventionalair-conditioning solutions required high capital

investment and higher operational cost.

Hence,the school decided to install an IDEC system with a

total capacity of 44,000CFMproviding 100% fresh air to the

space

V The systemwas able to maintain 26 degree Celsiusduring
Its commissioningin peak summer when the outdoor dry-
bulb temperature was 36 degreeCelsius

V The system consumesless than half the energy consumed by a conventional air-conditioning system
Postoccupancyevaluation of the auditorium revealed high levels of satisfactiontowards thermal comfort
andindoor air quality.
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Radiant and Structure Cooling

v Radiant Coolingis basedon
the physical principle, that
bodies with varying
temperatures exchange
thermal radiation until an
equilibrium is achieved

v Radiant cooling systems
work by circulating chilled
water through a network of
polymer pipes installed on
floors, walls, or ceilings.

/&
Gﬂgﬂ—aaﬂ
3 Helead
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LOW ENERGY COMFORT SYSTEM

' Plant Room =
Cooling Tower @T

Chiller il
SE=
.'\\ oo : _/’-:—‘ _/"
chilled water supply ~ Y | y E— =
<

return to
g chiller plant rcom
i

S—

chiller plant room é ’
Chilled Ceilings

o— = chilled water in
hollow sections in \"—'}7‘ O ® O @ 6:° = ~ pipesfroma
concrete slab to o _ ———conventional chiller
house chilled water V4 )
coils / descending cool

air from slabs

Ceiling slabs absorb
radiated heat from occupants and

Thermal Mass :
thermal mass in _—~

concrete slab during S :
; equipment
daytime absorbs quip
excess heat o _ =
rising warm air
_ —
—— —
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Radiant and Structure Cooling

Typesof radiant cooling:
Chilled slabs: These deliver cooling through the building structure, usually slab, and are also known
asthermally activated building systems
Ceiling panels: Thesedeliver cooling through specializedpanels.

1.

2.

v Systems using concrete

Standard Chilled Ventilation Makeup
Sl abS are g eneral |y Ch e ap er Suspended Ceiling Ceiling Panels Air Supply Duct
/ \
than panel systems and [ — \‘[ |®
offer the advantage of . My ——

thermal mass while panel
systems  offer faster
temperature control and
flexibility .

Ministry of Housing and Urban Affairs
Government of India
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LOW ENERGY COMFORT SYSTEM

I
/ A
Dehumidification
Ventilation
Makeup Alr

Radiation Heat Transter From Surfaces
and Objects in the Space

Natural Convection

0\
),

Chilled ceiling suspendedpanelsand Structure cooling
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LOW ENERGY COMFORT SYSTEM

CaseStudy School of Architecture, Vellore Institute of Technology, Vellore
The VIT Schoolof Architecture soughtalow-energy solution to meetits cooling requirement.

v Its 10,000m2 area would have required an air-conditioning installation of at least 500TR, but the school

adoptedstructure coolinginstead. o
R
y 'q‘ <
LN

;

v The Network of pipes was embeddedin the concrete
structure; these were connected to a two-stage
cooling tower rather than achiller.

;o :

v The system provides an internal temperature range .
SCIHOOL OF ARCHITECTURE

of 26-300C.
v The building is naturally ventilated and ceiling fans
enhancethermal comfort. [
v The structure cooling used here yielded > 80% :
energy savingsand paid for itself within oneyear.
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CASE STUDY.OW ENERGY HOUSING
Scope & Objective: H

A prototype of large number of low-cost mass housing project
was to be built with thel x 1 An@add@te of using natural aswell
asexternal wind -basedventilation that create an efficient aswell
as comfortable living environment within the units. Further

StUdy InCIUdeS Snapshots below depicts the pressure drops in air path

1. Options of slabair cooling by concrete piping. T
2. Estimatesof how well the air changesare able to dissipate the \HHH

iInternal heatload with slab cooling.

3. Usewind catchers as well as tower to enhancethe air flow | = [ ii'fi?.%}“‘:?’
1 DBT=34 8 1.01969 In:ZCfTO% H1=63.7 KJ,"Kg 7.7 7.66
dueto thermal stratification . P il I N L [T S

WBT= 25 Ke/s Out =31.0/80% H2=89.2 KI/Kg
4. Estimate, if sufficient air changes are happening and what | %5 |° |57 e e |
kind of temperatures will prevail inside the occupant spaces. |' wx |© | i fwmoe ] |
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SESSION?

1. Eco Niwas Samhita (ENS2018, Building Envelope)
2. Eco Niwas Samhita (ENS2021, Electro-Mechanical and Renewable
Energy Systems)
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ENS 2018 INTRODUCTION
Why Eco-Niwas Samhitahasbeencreated? Whatis Eco-Niwas Samhita 20187?

W BUilt Up Area - India will add 3 Billion C ECONiwas Samhita2018 - an Energy

m? by 2030 ofNew residential Conservation Building Codefor Residential
building w.r.t Year2018 Buildings.
) C Launched onNational Energy Conservation
W Energy Demand - Thereis a 4times Day in 2018.

Increase in energy demandor

residential units from 1996 7 2016 C Applicableto all residential units with plot

areal v ma i

. — C (However, statesand municipal bodies may
W Projections show energy demand reducethe plot area sothat maximum

will be approximately between630 residential buildings fall in the categoryof
TWh and 940 TWh by 2032 ENS compliance
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ENS 2018 INTRODUCTION

Why Eco-Niwas Samhitahasbeencreated?

A Climate Responsive Building Design
A Efficient Building Envelope Design
A Energy Efficient Appliances (5 Star A/C, FridgeLEDLights Etc)
A Proper Maintenance of Electrical Appliances
To Address The Above Factors

EcoNiwas Samhita Was Created

ssssssssssssssssssss
fir Internatinna_le
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ENS 2018 POLICIES FOR RESIDENTIAL BUILDINGS

Policies & Regulations -Residential

W Eco-Niwas Samhita (ECB®R) Part-1
W Star Rating for Buildings (Building Label)
W Supporting Government Initiatives

W Replicable Design Catalogue of EE Homes
W Energy Efficient Building Materials Directory

W ECONIWAS WelPortal
W Smart Home Program

W Eco-Niwas Samhita (ECB®R) Part-ll

W

ECO-NIWAS SAMHITA 2018 n
rgy Camarretus Baddn (e o et Suoogy)
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EcoNiwas Samhita 2018 (Part |I:

Ministry of Housing and Urban Affairs

Government of India

ENS 2018 LAUNCH

Building Envelope) is

the New ECBCfor Residential Buildings, launched by
Ministry of Power (MoP) on 14 December2018.
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ECO-NIWAS SAMHITA 2018 AN
(Energy Conservation Building (ode for Residential Buildings) | @ /
PART I BUILDING ENVELOPE

diis s
[=—)
(==

JUREAY OF DNERGY BIOENCY BED @
PuT) et gmwTer & 92 .



