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1. INTRODUCTION OF MOHUA, GHTC, GIZ, AND CSB 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 e _
T Sub-Mission

housing and urban affairs of the country. ks

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

pucca house for all eligible wurban

T fmeetlyorindinactly

.
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Impactad,
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s Coopeialie Fedeiaem
-« DAT
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householdsby the year 2022.
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AIM FOR THE INCEPTION GQIETERNATIVE CONSTRUCTION TECHNOLOC

@
Rapid increase Iin urbanization and believing it as an
70 Lakh opportunity to reducepoverty.

100 Lakh Houses Sanctioned
R For addressing the huge housing demand in the Affordable

" Sector,Govt of India launched Pradhan Mantri Awas Yojana
37 Lakh Ho:sfs IIZ-:aneted Urban In \June2015

Houses Grounded

Nearly 10 Million affordable houses are to be delivered by

12.5 Lakh
2022

BLC” 39 Lakh * Beneficiary Led Construction. Affordable Housing in Partnership. In  -Situ
AHP* 23 Lakh Slum Redevelopment. Credit Linked Subsidy Scheme
ISSR* 4.5 Lakh

CLSS* 3.5 Lakh
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INTRODUCTIONGIobal Housing Technology Challenge (GHISDIA)

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, MoOHUA
Initiated the Global Housing Technology Challenge (GHTC)-India to identify and
mainstream a basket of innovative housing technologies across the globe.

A 54 proven technologieswere shortlisted suiting different climatic zone conditions in

the CTlconferencein 2019. GHTC-India Components

ﬁ‘@i f i 0
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)

5
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INTRODUCTION GlZ AND IGEN (INDO GERMAN ENERGY PROGRAWN

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 partners in 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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OBJECTIVES AND ACTIVITIESLIMATE SMART BUILDINGS (CSBELL

S.N Objectives and Activities

1 |Enhance climate resilience and thermal comfort in buildings. Provide technical
assistance to promote thermal comfort in LHPs.

2 | Technical assistance to enhance thermal comfort in upcoming Demonstration Housi
Projects (DHPs) and Affordable rental housing complexes(ARHCSs).

3 |Inclusion of climate resilience and thermal comfort requirements in Building Bye law
In North Cluster.

4 | Capacity development of Govt officials and private stakeholders on thermal comfort |

the North Cluster.
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SESSIOAL
Thermal Comfort Indices

Thermal comfort in Affordable Housing
Passive Architectural Strategies

Building Physics
Case Studies
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WHAT IS THERMAL COMFORT?

Thermal comfort is O O Esfate of mind that
expresses satisfaction within  the thermal
AT OEOIT T | AhdO 6 generally assessed
subjectively (ASHRAE,2004).

Human thermal comfort cannot be expressed in

degreesand A A 1bé defined by an averagerange of

temperatures. It is avery personal experienceanda e o AwELL

: . . . BALANCED COMBINATION OF BVILDING SYSTEMS ADAPTED TO
function of many criteria, which differs from person THE LOCAL (LIMATE % THE TYPE OF ACTIVITY PERFORMED.

to personin the sameenvironmental 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

A Thermal indoor environment is affectedby both

three ways
. - .
A Conduction LHH aporation
Radiation 4 g
A Convection A
LLLK- ' Convection
A Radiation »

)

internal and external sources jj
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HUMAN BODY PERCEPTION TOWARDS THERMAL COMFORT

Qevaporation

Qradiation

Solar Control Extarnal Gains

Qconvection "‘ IL_ ? / Ventilation atural Cooling
W - Iﬁﬁ i__[ __" - =

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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FACTORS AND INDICES AFFECTING THERMAL COMFORT

\J\Uml'dfr},

Environmental Parameters/Factors

A Air Temperature

A MeanRadiant Temperature
A Air Velocity
A Humidity

HUMAN
Javolic Rag COMFORT
4.°

Personal Parameters/Factors

A Clothing Level

A PhysicalActivity
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ENVIRONMENTAL FACTOREFECTING THERMAL COMFORT
/AIR TEMPERATURE RADIANT TEMPERATURE \
The temperature of the air The heat that radiates from a

surr oundingabody warm object
The ideal temperature for Heat can Dbe generated by
Sedentary work is usua”y equipment, which raises the
between 20°Cand 26°C temperature in aspecificregion.

PHYSICAL

FACTORS

HUMIDITY
AIRVELOCITY Theamount of evaporated water
The speed of air moving intheair
acrossth_ework e.r _ Air-conditioningcan easily attain
It's best if the air flow rate Is ideal relative humidity valuesof
\between 0.1and0.2 m/s. 40 percent to 70 percent. J
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PERSONAL FACTORS AFFECTING THERMAL COMFORT
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CLOTHING LEVEL METABOLIC RATE

Layers of insulating clothing keep a person warm or cause The rate at which chemical energy is converted into heat
overheating by preventing heat loss. The better the and mechanical effort by metabolic activities within an
insulating ability of a garment, the thicker it is in general. organism, commonly measured in units of total body
Air movement and relative humidity can reduce the surface area. People have different metabolic rates that
insulating effectiveness of clothing, depending on the can fluctuate due to activity level and environmental
type of material it is constructed of. conditions.

S o, — e T
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CLOTHING_EVELS& INSULATION
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T-shirts, shorts, Light socks,Sandals

Shirt, Trousers socks,Shoes
Jacket Blouse,Long skirt, stockings

Trousers, Vest,JacketCoat,SocksShoes

0.30

0.70
1.00

1.50
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METABOLIC RATE FOR HUMAN ACTIVITY AND OCCUPANCY

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

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

Activity met Wi/m~  Btu/(h «ft")

Sleeping 0.7 4 13 A Human body generates heat about

Reclining (0.8 45 15

Seated, quiet 1.0 60) 18 o

Standing, relaxed 12 170 7 100w under sedentary condition

Walking (0.9 m/s, 3.2 km/hr, 2.0 mph) 2.0 115 37

Walking (1.8 m/s, 6.8 km/h, 4.2 mph) 38 220 70 with body areal.5to 2 sgm.

Office- reading, seated 1.0 33 I8

Office, walking about 1.7 100 31 A More layer of clothing = more

House cleaning 2.0-34 115-200 37-63

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

Dancing, social 2444 140-255 44-81 insulation = lessheatloss

Heavy machine work 4.0 235 74

Source: Courtesy of ASHRAE, Standard 55-2013: Thermal Environmental Conditions for
Human Oceupancy, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Atlanta, GA, 2010, With permission.
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Direct Parameters For Measuring Thermal
Comfort
1. Dry Bulb Temperature : Single most important

index, especially influential when Relative

Humidity is in the range of 40 to 60%.

2. Moisture : Three measures

A Dew point temperature :Thetemperature below
which the water vapor in a volume of air at a
constant pressure will condenseinto liquid water.
It is the temperature at which the air is saturated

with moisture.

Ministry of Housing and Urban Affairs
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A wet bulb temperature : The wet-bulb
temperature is the lowest temperature
that can be reached under current
ambient conditions by the evaporation of
water only.

A usetull for describing thermal comfort in

the region of high temperature.

Vo
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FACTORS AND INDICES AFFECTING THERMAL COMFORT
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FACTORS AND INDICES AFFECTING THERMAL COMFORT

A Relative humidity : Relative Humidity (RH) is a
measureof the water vapor content of air.

Ot)is the amount of water vapor present in air
expressed as a percentage (%RH) of the
amount needed to achieve saturation at the
sameOAT DPAOAOOOADS
Very low and very high values are associated
with thermal comfort.

3. Air movement : Most difficult of direct indicesto

describe, it affects only convective heat exchanges

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

Derived Parameters For Measuring Thermal Comfort
A Mean Radiant temperature : The meanradiant 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 enclosure in 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 : Combination of 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 TO MEASURE THERMAL COMFORT

[ Methodsto find Therm al Comfort J

PMV/PPD Methods Local Thermal Discomfort

Radian Tem perature

Draft Floor SurfaceTem perature
Asymmetry
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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.

U 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 (i.e., natural ventilation through an openingor closingwindows).
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FACTORS AND INDICES TO MEASURE THERMAL COMFORT

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

are unwanted cooling or heatingofanl A A O BlodyO 6 O

COLD COOL SLIGHTLY COMOL MEUTRAL SLIGHTLY WARRM WA AR HOT
0 +1 +2 +3
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FACTORS AND INDICES TO MEASURE THERMAL COMFORT

Acceptable PMV and PPDRanges
Usingboth of theseindices, ASHRAESS dictates that thermal comfort can be achieved

basedon 80% occupantsatisfactionrate or more.

U In order to comply with ASHRAES5, the recommended thermal limit on the 7-

point scaleof PMVis between-0.5 and +0.5.

U The PPDcanrange from 5% to 100%, depending on the calculated PMV, In order

for comfort rangesto comply with standards,no occupiedpoint in spaceshould be

above20% PPD
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FACTORS AND INDICES TO MEASURE THERMAL COMFORT

U The predicted percentage of
dissatisfied (PPD)index provides an
estimate of how many occupantsin
spacewould feel dissatisfied by the

thermal conditions.

=
[
[
|
]
=]
=
e
597

U All occupiedareasin a spaceshould
be kept below 20% PPDin order to
ensure thermal comfort according
to the known standards (ASHRAE
55)
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FACTORS AND INDICES TO MEASURE THERMAL COMFORT

It Is produced by a vertical air temperature difference betweenthe feetandthe 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 lesssensitive.

LOCALTHERMALDISCOMFORT

RADIANT DRAET FLOOR SURFACE
TEMPERATURE TEMPERATURE

ASSYMETRY
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FACTORS AND INDICES TO MEASURE THERMAL COMFORT

A Large variances in the heatradiation of
the surfacesthat surround a person
might create local discomfort or impair
acceptanceof the temperature
circumstances.

A Thetemperaturedisparities across
diverse surfacesare limited by ASHRAE
Standard
55. Because some asymmetriesare
more sensitive than others, such asa
warm ceiling against hot and cold
vertical surfaces, the limitations vary
depending on which surfacesare
involved.

A The ceiling cannot be morethan +5 °C
(9.0°F) warmer than the other surfaces,
butawall canbeupto +23 °C(41 °F)
warmer .

RADIANT
TEMPERATURE
ASSYMETRY

DRAFT

N
—

FLOOR SURFACE
TEMPERATURE

v

A

/Depending on the footwear , too hot or too cold\
floors might be uncomfortable.|n roomswhere
userswill be wearing lightweight shoes,
ASHRAIS adviseskeeping floor temperatures

\ between 19729 °C(66784 °F). )

While air movement canbe enjoyableand
give pleasurein somesituations, it canalso
be unwelcomedand causediscomfort in
others.

Theundesired air movementis known as
"draught ," andit is mostnoticeable
when the complete body's thermal sense
is cool.

Adraught is most likely to befelt on
exposed body regions suchasthe head,
neck,shoulders,ankles,feet,and legs,
although the sensationis alsoaffectedby
air speed,air temperature, activity, and
clothing.
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USE OF PSYCHROMETRIC CHART FOR THERMAL COMFORT

The psychrometric chart and

.__m [ 40 = .
Defining the comfort zoneonit &/ /. 026 % ié 6 The Comfort Zone And
U o
S gé Various Types Of The
28
g 23 £ Discomfort Outside The
g 3
&bz & Z
5 ~ E = Zone As Shown In This
o [18 E 2
2 - 9 2 Psychrometric Chart.
o) 10 W
3 8 &
8 Fi 3
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Temperature
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USE OF PSYCHROMETRIC CHART FOR THERMAL COMFORT

Moving across Relative Humidity (%)
the psychrometric chart

o How To Change The

hard to lows o~
temper;z / :
Lt g

026
-:; Humidity, Temperature
ﬁn g
018 S While Moving To The Chart.
- E
014 - >
02 _:_-._‘
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POUNDS OF MOISTURE PER POUND OF DRY AIR
GRAMS OF MOISTURE PER KILOGRAM OF DRY AIR

008
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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

Comfort Within Envelope:

6o Comfort Ventilation.

6 Internal And External Gains

6 Thermal Mass With Night
Flush.

SREBEERERES

GRAMS OF MOISTURE PER KILOGRAM OF DRY AlR

Enhanced Passive Solar

O«

Technology

POUNDS OF MOISTURE PER POUND OF DRY AIR

Conventional And Low Energy

O«

tharmal mass

=: with night flush Heating And Cooling
e w 2 e g 8 g S T mu
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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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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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Most effective shading

Shading Devices

allow ventilaton between fabric
and ¢hading 0095 solar gain reduction

th o h', . .
| o A Reduceheat gain and cooling energy
g ildi

2 useof the building.

S :
- ks i redvcon R A To prevent summer overheating and
HarL:nntal solar shading Vertical shading Horizontal + vertical “fins’

glare,a good shading device strategy

should be used with glazedopenings

A Well designed sun shading devices

B5=90% solar gain

ecucton will help keep the building cool and

&0-7 5% solar gain 85-90% solar gain

reduction reduction
Awning {Movable) horizontal (Movable) vertical fins/louvres
Bottom three shading devices are suitable for all orientations if movable shading fins. CcCO me rtab 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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EXTERIOR SHADING DEVICES

A Exterior shading devices can be

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

Pargolas/Trallic Reflactad light Baloony Operable shutters dGSlgnS, |nCIUd|ng SunShadeS,awnlngS,

DIFFEREMNT TYPES OF OVER HANGINGS

louvers, bamboo screens,jaali, green
— E cover through vines.

A A
— —1 —r— I . .
cower 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 favourable cost-benefit relation
i/

65% from south and 77%
from sast.
T

. P _ Adjustab glaLug'z can .
e e e cing with respectto thermal comfort.
DIFFERENT TYPES OF WINDOW SHADINGS

Loact coct solution for

c.mm-;; heat gain into the
building
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‘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.
Cﬁh DAY NIGHT @ DAY NIGHRT
\,/ .
HEAT HEAT
. HEAT HEAT RELEASED REMOVED
““ "\ STORED RELEASED ‘1‘.
C .
3 - - Y -

WINTER SUMMER
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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
Ratio’

nernal temp

A00C

Insulation.

‘Comfort zone’

External temp

15°C




. GLOBAL : Deutsche G ll chaft
= HOUSING
T S-S TECHNOLOGY
Prathan M Awas Yojaa-Urtan CHALLENGE INDIA Ministry of Housing and Urban Affairs

. m@% bmipc gIZ e
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VWESEERM SUM (LATE AFTERMCOMN)

SLIMMAER SUM @‘
¥
WINIER SUN ..l

% .l"\ Shobegic Inee ploning around your homss can belp paobect
S

winsdor from kate olemesen weEkhsn FETemeE sen,
s
~\
o)
y I
Strateglcally locating doors & windows during

fhe design phase of your home can promole
good condittons for cross - ventilation

CROSS - VENTILATION

Eaves & shoding devices can protect windows from
direct sunlight In summer and ollow winber sun to
penetale inlernal living areas

hodng dedos ed o exieinal verandern & peigoda: can
ik e L I pobril 00 Il nad Beinag ore0q. sl Ddoel kg
thie harth summees sumn
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PASSIVE STRATEGIES FOR THERMAL COMFORT IN AFFORDABLE HOL

0

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



ST &Y et
ST

. Transitional space
Ventilated roof and shading . Direct

solar radiation

S e o -

1 sSDiffuse o |
solar radiation.¥
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7

<

s Green roofs.

High Solar Reflection Double Glazing 6 Louvre and Shading deViceS'
s Insulation
s Low energy cooling techniques.

(@]

Wind catchment and ventilation.

Double glazed glass.

(@]

o e

Bl S Tl s -
e L

[y ._i B

Indirect Radient Cocling

s High solar reflective surface.

<
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BUILDING PHYSICS

A Building SciencéPhysics studies the interaction of Characterisi

all of thesefunctional relationships

A It tells us how buildings actually work

Environmental Operational
History Choices
A It tells us how to designthem, build them, diagnose .., ... o .
* Chemical e Chemical
. * Biological * Biological
them, fix them and operate them. Reactions Moisture Reactigns
' 2l il Personal
1. Energy movesfrom higher state to lower state Enclosure Heat Radiation
2. 7 (the second law of
thermodynamics) Building
3. Heat moves from warm to cold (thermal _ - —_—
gradient) L L o Internal

4. Moisture moves from more to less

(concentration gradient) Building SysterfFunctional Relationship
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BUILDING PHYSICS

Building Enclosure Components:

What is a BUILDING?
Your Environmental Separator .

A A building provides shelter - shelter from
the elementsaswell asfrom other dangers ’
and the outdoor environment. 5

1. Base Floor System(s)
2. Foundation Wall System(s)

3. Above Grade Wall Systems(s)
4. Windows and Doors
5

5. Roof System(s
W Syoine; roof vent

A ) Gunction is to separatethe inside from 3
the outside

.......................

A Abuilding createsan interior environment —
that is different from the exterior R -
environment z it Is an environmental
separator. s Buiding Enclosure

-------------- Interior Spatial Separators
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BUILDING PHYSICS

Purpose of Buildings ? 4 R
Occupant Comfort

Buildings are designed foiPeopleand Thermal comfort

Visual comfort
for Specific tasks. Acoustic comfort

Air quality
V The building needs to keep people \ o
Comfortable, Efficient, and Healthy *

V Energy Efficient Design seeks to ildi Physical Processes
A * Heat Transfer
create buildings that keep people [ e
. C e ) = Air (mass) Transfer
comfortable  while  minimizing : - Light Transfer

EnergyConsumption | o |
Occupant comfort, Physical processes, and Elements of building Relation
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BUILDING PHYSICS

2nd | aw of Thermodynamics

O) ah isolated system, a processcan occur

only if it increases the total entropy of the

OUOOAIl o

Rudolph Clausius

\/ Heat movesfrom warmer to cooler.

V' Air movesfrom higher pressureto lower pressure.

V' Moisture movesfrom wetter to drier.

CONDUCTION RADITIN CONVECTION
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BUILDING PHYSICS

Building Control Layers nuall
V' Water Control Layers
_ Cladding L
V' Air Control Layers Control layers — 18 I
Structure > .
V' Vapour Control Layers
V' Thermal Control Layers e —_
Slab Roof

WATER CONTROL LAYKWATER PENETRATION)
V Water is governed by momentum, gravity, and capillary forces.
V Impervious to water, continuous, flexible, and sealed.

V Provisions for drainage to the exterior.
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AIR CONTROL LAYHMNFILTRATION/EXFILTRATION)

V Air movement is caused by wind loads, fan pressure, and stack
effect.

V Must be continuous, flexible, strong, and sealed.

VAPOR CONTROL LAYKEMOISTURE FLOW)

V Vapor diffusion is caused by vapor pressure differences inside to .!. I
. / '
outside. L Mgy

D
ay
Dy
O

V Must not trap moisture.
THERMAL CONTROL LAYKEREAT FLOW)

V Continuous insulation layer in conjunction reduces energy \ /
.
consumption.
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Evolution in Building Control Layers

..............

...............
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Durable structures
Last forever
Excessive heat loss
No air or vapor control

——r————

Modern structure
Rain Screen Concepts
Limited Insulation
Condensation Issues
Premature failures

Environmental Separator
Pressure Eq Rain Screen
Reduced heat loss
Measures to control

___| air & limit vapor migration

1940-70"s

......
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BUILDING PHYSICS

Expectations of the building

envelope/control layers

Keep the water out

Maintain a comfortable interior
environment

Be energy efficient

Maintain a low maintenance / operating
cost

Use durable materials that last forever
Have minimal impact on the

environment
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Heat Transfer in Buildings

Conduction- Transfer of heat through direct contact m

Convection- Transfer due to movements of gases, liquid, and ‘
‘\ Conduction
vapor. ”i:"?., Radiation

Radiation - Transfer of heat through electromagnetic waves.

L INTERNAL LOADS

Gl el e lmesss

/ — / | P ~ |- L %
g || CEXTERNAL
44| LOADS

Conduction Convection Radiation



@ GLOBAL
e HOUSING X .P' I Z ? fth G ll chaft
ST AAT- 9T TECHNOLOGY = | HASIE s MIIIEL S A zusammenar wer “612) GmbH
s Yo CHALLENGE INDIA Ministry of Housing and Urban Affairs

Pradhan Mantri Awas Yojana-Urban
Government of India

BUILDING PHYSICS

Heat Transfer Calculations in Buildings Kt — & (6, — )

Conduction- Transfer ofenergy due to internal vibrationsof ____ .
= Heat transfer through conduction

U or U-factor = Overall heat transfer co-efficient (W/(m2-K)

envelop building material. A=Sufocearea
deita T = Temperature difference across surface; T,.(6)—T,.(6.) (K

Convection- Transfer due to air infiltration from door

windows QConvection — hcv “A (95 o Hf)
- .- - Q, = Heat transfer through convection
Radiation - Transfer of heat through windows and b = et sl CoRgIei
_ _ 8.=Temperature of the surface
transparent surfaces in form of electromagnetic waves. 6Temperature of the fiuid

Note:
:  Qgogiation=SHGC - A-E,
V ECBC/ENS regulates thekactor and SHGC for materials and glazing
units. Where:
SHGC = solar heat gain coefficient
V Solar incident radiation depends on the weather condition and solar £ =incident solar radiation
A =area of transparent element

altitude angle.

)
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Sensible and Latent Heat

Sensible Heat z When the temperature of an object
falls/rises, the heatremoved/added is called'sensible
E A A Ggnsible heat results in a change in
temperature.

Latent Heat- Latent heat is the heat added/removed
to an objectin order for it to changeits state. It affects
the moisture content which results in a change of
temperature.

Total flow of heatis the algebraicsum of sensibleand

latent heat within space

Temperature

Latent heat

ot vaporization
(Temperature remains
constant as liquid
turns to gas)

Latent heat

of fusion
(Temperature remains

constant as solid
turns to liquid)

Heat supplied
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Useof Building Physics to Optimize Energy use for Thermal Comfort

External Factors (Climate)
Temperature

Relative humidity

Solar Radiation

Wind Speed and Direction
Miscellaneous factors

Internal Factors (Loads)
People

Equipments

Lights

Passive
. {Strategies} . [

* Appropriate
orientation

* Shading devices

* Daylight design

* Thermal mass
(time lag)

Active ]

Strategies

* Fans

* Evaporative
Coolers

. Aif’
Conditioners

External

Factors.(Climatic )

V Temperature

V Relative Humidity

V Solar Radiation

V Wind Speed and
Direction

V Miscellaneous Factors

Internal Factors.(Loads )
V People

V Equipment

V Lights
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Ext | Eact Temperature
xiernal Factor V Dry bulb-Ambient air temperature
V Wet-bulb - Temperature at which water by evaporatesinto moist air at dry-bulb

External _ o )
temperature T and Relative humidity ratio W.

Factors.(Climatic )

V Temperature

V Relative Humidity

V Solar Radiation

V Wind Speed and
Direction

V Miscellaneous Factors

Outdoor air temperature is the major climatic variable affecting energy demand.
Theindicesusedto reflect the demandof energyare:

V CDH(CoolingDiscomfort Hours)

V HDH(Heating Discomfort Hours)

Energydemandis directly proportional to the number of CDHand HDH.

Relative Humidity

Amount of water vapor presentin the air, usually in terms of RH(%).

In areaswith high Humidity :

V Transmission of solar radiation is reduced.

V Evaporation Reduced.

V High humidity accompanied by High ambient temperature causes
discomfort .
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External
Factors.(Climatic )

V Temperature I >

V Relative Humidity

V Solar Radiation . | = >

V Wind Speed and %”c%o e radiated
Direction %,

V Miscellaneous Factors torior WO B> interior

Solar Radiation o 3

V Global Solar Radiation & );‘:"o%
Components(Direct and  »~ &7 > %
Diffused).

V Building Solar Gain(Direct >

and Indirect) .
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BUILDING PHYSICS

External Summer and Winter Sun

Factors.(Climatic )
v Temperature - e Sun directly heats the living
V Relative Humidity /O/G' space
V Solar Radiation L I e Simplest and least expensive
V Wind Speed and

Direction

V Miscellaneous Factors Q Indirect Gain System
e Rely on conduction to
transfer heat to living space
e Good for where daylight and
view is not required.

Isolated Gain System

e Uses convection to take the
hot air to living space
Very efficient
Sunspace- cannot always be
occupied

Direct Gain System

Pyranometer is used for
measuring solar radiations
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Solar Radiation = Reflection + Absorption+ Transmission

p — Reflectance
a — Absorption

t— Transmittance p +0+T= 1

_ Reflected radiation
~ Incidentradiation
Absorbedradiation
Incidentradiation
Transmittedradiation
Incidentradiation

a-=

T=
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External Wind Speedand Direction
Factors.(Climatic ) Wind is the movement of air due to different atmospheric temperatures causedby
V Temperature differential heating of land and water masseson the A A O G&®@® by solar
V Relative Humidity radiations androtation of the earth.
V Solar Radiation Pl
V Wind Speed and V Affects indoor comfort """ ’
Direction . i i a 21;7«?\ WIND SPEED
V Miscellaneous condition by influencing the |
Factors convective heat exchangesof B =110
- ' [l ss0-11.10
building envelope I ELRT
V It impacts the ventilation and E e
) 2,10-3,60
Infiltration rate of buildings. [ os0-210
____________ Calms: 16,67%

V Wind is expressedin m/s and

..........

measuredby Anemometer.

................
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BUILDING PHYSICS

External Miscellaneous factors
Factors.(Climatic )
V Temperature Precipitation
vV Relative H.“”?'d'ty Include water in all forms that is rain snow and hail, measuredfrom Rain-Gauge
V Solar Radiation
V Wind Speed and in MM

Direction

. Cloud cover

V Miscellaneous S

Factors Regulatesthe amount of solar radiation reachingthe A A O SuUF&c©

Atmospheric pressure

Atmospheric pressure is directly proportional to the evaporation rate, if the
atmosphericpressureis low evaporation rate is high vice versa.

Atmospheric pressuredependson how fasta human body coolsitself.
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A Hydraform interlocking block walls,
A PrecastRCPlanks& JoistsRoof

A StoneBlock masonry in the foundation
A PrecastBoundary wall
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CASE STUDYWFFORDABLBMASS HOUSING, INNO GEOCITY, CHENNAHBRISES

TECHNOLOGWHYDRAFORMBUILDINGSYSTEM

A An alternate to conventional bricks & mortar for building
envelope

A Male/FemalelInterlocking z Vertical/ Horizontal Shearkeys

A Suitable for Load/Framed Structures Compatible to incorporate
Vertical/Horizontal reinforcements

A Suitablefor Seismicstructures

A Speedierconstruction
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A Hydra-form createshigh-quality bricks, created with nothing more than 10 percent addition of building
cementand soil/fly ash,formed in a machineunder hydraulic pressure.

A Hydra-form blocks are not in needof firing, they only require curing.

A The soil block alsohasthe added benefit of preserving energythanksto its incredible thermal properties.

A Also fulfilling the criteria 15,16 and 22 of TERIGRIHA, and LEED

LEED : -

» MRCredit : 4.1,4.2 — Use of Recycled Contents.(1-2 points)

» MR Credit : 5.1,5.2 — Maximum use of Local and Regional material.(1-2 points)

» MR Credit : 6.0 - Use of rapidly renewable building materials & products.(1 point)
TERI-GRIHA:

» Criteria 15 - Utilization of flyash in building & structure.(6points)
» Criteria 16 - Reduce volume, weight and construction time by adopting efficient technologies [4 pts.)
» Criteria 22 - Minimum 5% reduction in Embodied Energy compared with equivalent products. (1pt.)
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Block Production On-site

BLOCK PRODUCTION PROCESS

I Soil / Fly Ash

e

Mixing & Block Hallllt in nydralorm Hacllne

Lime / Gypsum
Cr. Sand/St. Dust + Cement + Water

—
£

g — ————
= =L T
S — |

I Interlocking Construction

r— | Quality Check & Dispatch

Stage 1.
Soil/Fly ash.

Stage 2:Lime/Gypsum
Coarse sand/Stone Dust,
Cement, and Water.

Stage 3:
Mixing and block Making
in Hydra-Form machine.

Stage 4.

24Hrs Self covered Curing
and 2 weeks curing by
sprinkler. Quality check
and dispatch.
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Quality Check/Quality Control

NOTE Since raw materials
changefrom site to site, please

engineers for proper raw
material and mix design, block -
making process, and quality
control procedure.

- PROBLEM

: 1. Rough surface on blocks

: 2. Cracking on blocks

¢ A Horizontal cracks seen as block
; ejected from chamber

: Cover blocks properly with plastic and
: water twice daily as per Hydroform rec

. B. Cracks developing during 7 day

: curing period

: 2. Blocks being damaged and broken

5 E. BID-::k length changing continuously

¢ during stacking and Stcruge

5 Blcck:. cr.ger hhcm chcaen Ier.gth

- REMEDY

. CAUSE
Mn{ tcu-:: dry
R-::I_.gh pl-:::hec

i Soil build up in joints or on wear plates

.-*-‘ujd m-::re wu::ter tcu r-‘nx

Inﬁpect plates -::md |:h-:::n =] |f necessary

. Clean excess soil or fly ash from joints and

: pll::tE-E.

. Too much water in mix
. Compression pressure too high

Elocks losing too much water, too fast
during curing

H| h clay cont er.t

: Use |E'55 water in mix. ;ﬂ'-.dd cement t-:: M
s already mode to dry out

. Reduce pressure

Dmmer.dﬂt|on:

. Add coarse SGnd to mix

:Add more cemer.t

fCuree hc::ndllngo b|DCkF

: Blocks tcn::- weak

: Reduce pressure

Compressicn pressure too high
¢ Mix too dr%,,
Compre |cr1 pressure. tcc |DW

. Water CDI"‘ItEI‘It changin :;CDI"‘ItII'IL.CL.S‘,-‘

: CIG:.er ﬁl..perw:.mn Df

qchnﬂ

; Che-::k production prn::-cess Gr.d;cr I::-::id
: more cement to mix

i .&dd more water tcu mix
: Inu:ren:::.e pressure

| Keep water in mix constant. Che-::k w-:::ter

. content by checking length of block with
: ruler

. Soil properties changing continuously

: U‘:E- same soil source fcr DI|| pru::ductmn
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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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CASE STUDWATHEMATICAL OPTIMIZATION

Scopeé& Objective:

The objective of this analysiswas to find most optimum
parameters of a building design so that it utilizes
minimum energy, (Example of GeneralOptimizations)

100.00%
80.00%
000 —e—Solar Absorptance |
40.00% —o—SHGC (%) Tl
—e—VLT(%)
20.00%
0.00%

150000 200000 250000 300000 350000 400000 450000 500000

Total Energy Consumption ->
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CASE STUDKMYBRID VENTILATION AND LOW ENERGY COMFORT
Scopeé& Objective:

The objective of this study was to evaluate if the
provision of natural + forced ventilation together with
the building thermal masswith an intelligent control
that can work as a tool for providing the reasonable

Indoor environmental comfort in the classroomsof a ;&5 i
L + Environment:Site Outdoor Air Drybulb Temperature [C](Hourly)
school. 20

+ BLOCK1:ZONE2:Zone Mean Alr Temperature [C](Haurly)

nnnnnnnnnnnnnnnnn , BLOCKIZONES - FascnoolaseCarsya 0 1000 2000 3000 4000 5000 €000 7000 £000
———  Zone mitraon Alr Changs Rate, BLOCKI:ZOMEN - ReschooiBasiCaseVi




. GLOBAL ;
. HOUSING L I Z Deuts h G ll chaft
T | ‘;,‘4. fiir Inter
HTATH AT - T TECHNOLOGY 3 |{)—'1 |EE| s KIIIIFEL Y 8§ &= Zusammenar haut (GIZ) GmbH
Prathan Manti Awas Yojaa-Urtan CHALLENGE INDIA Ministry of Housing and Urban Affairs I%BI?\EF:[

Government of India

CASE STUDZWINDOW CONDENSATION

Scope& Objective:

As per the contractual obligation of the architectural engineering firm, there must not be any
condensationon the glassfacadein any seasons

Therefore, the objective of this study was to analyze whether based on the given HVACdesign
aspectsof the museumwhat are the possibility of condensationon inside surfaceof facade

1070.0
1061.4
1060.0
E4101F:Inside Glass Condensation 1050.0 - Hour of Condensation
Flag[](Hourly) 5_ T 1040.0 1034.5
B C3D00A:Inside Glass Condensation 1028.9
Flag[](Hourly) 1030.0
W 837C20:Inside Glass Condensation 1020.0 l
Flag[](Hourly) 1010.0
| i | il | Facade 1 Facade 2 Facade 3
Tl AR RNe e N TR ARS8 RN eI MR ABSRG T
N RS AR R AR R R AT Rr RARE B 8ERRRREE
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A CASE STUDY OF MODERN AND TRADITIONAL BUILDINGS MROTCLIMATIC REGION OF ETHIOPI

1000

Scopeand Objective: 92.5%

A Theindoor thermal comfort of condominium houses |,
built by the government and traditional (vernacular) .
housesbuilt by the indigenous Semerapeopleswere s
comparedin this study.

A Both subjective and objective methods of assessment

were used
A According to the ASHRAEsevenpoint sensational - 5.7%
scalewas used.
. Traditional Modern Similar
A Traditional house occupants have a strong

sensationalscalelevel and a high level of satisfaction

with the indoor thermal comfort. Comparing thermal comfort between traditional anc
A However, residents of condominium houses faced condominium house

major challenges in terms of thermal sensation,

preference,and comfort, and some residents wished

to return to atraditional home.
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A CASE STUDY OF MODERN AND TRADITIONAL BUILDINGS HARIOTCLIMATIC REGION OF ETHIOPI

Most people who live in old traditional houses
are happier with the thermal indoor climate than
those who live in new buildings such as
condominiums. The main reason for this is that
traditional houses have a high internal space
elevation without a ceiling and a sand-based
floor, resulting in a comfortable thermal indoor
climate.6(Key informant interview, 2020).

45
40
35

30 3659
25
" 21788 19895
= ® Modern Houses
q
- Traditional Houses
10
1.0%
5
0
3

Much | Cooler Slightly . No  Shghtly Warmer Much
Cooler Cooler Change Warmer Warmer

38.7%

70

60
50

50

45 -

40
35

30

15
10

L

63.2%
43 4%
3%
o Modern Houses
] 4-15% Traditional Houses
1 30 14.2% o
e Suq
2.8%  5.60% I I.x%
- [ |
1 0 1 2 3
Cool Slightly Neutral Slightly Warm | Hot
Cool Warm
43 4%
® Modern Houses
1% ..
3 e Traditional Houses
10. 4%1 1.3% o o BN 9.4%
0 3
Dissatisfied | Slightly Neutral Slightly | Satisfied Very
Dissatisfied Sansfied Sansfied
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CASE STUDY ON THERMAL COMFORT ANALYSIS OF SCHOOL BUILI

Scope and Objective:
A Theaim of the study is to conductafield study in government schoolbuildings located at Raipur

(21.2514° N, 81.6296° E), India, to investigate the thermal comfort basedon PM\zZPPDmodel

andto evaluatethe cooling load of the schoolbuilding.

7
A o H Monsoon

Numbers of occupantsin school buildings are -

H Summer

s0o 4 H Winter

high and due to metabolic rate, thermal

40 -

comfort getsaffectedhighly.

30 4

Percentage Occupants

A Government school buildings do not use

20 4
1 |
cooling systems therefore, the results of the , | ii ‘ . | | | I |

cold cool slightly neutral slightly warm hot

research work will be useful to find the cool warm
Votes distribution on the temperature for three different

natural way to enhancethermal comfort. seasons

=}
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CASE STUDY ON THERMAL COMFORT ANALYSIS OF SCHOOL BUILI

35 - Vote distribution on Air Vote distribution on overall thermal comfort

H Monsogn
£ 30 | Speed "
] »c ] ISummer E 60 - HEMonsoon
§ H Winter S 50 1 ESummer
o 20 - ¥, 0
v ° 40 | mwinter
E’J 15 4 Ep 320
E 10 § 20
g S g 10
0 ; . =- ) 0 |
\\ \\ \\ & &
& & & o N & »° S »° RS R
qé‘\ @z\ ‘é\‘i QQ\? {b% && @\)"0 \0(‘ go"" Ko(‘- ko{v \o{"
@ W ¢ & & & & & &
g 9 v N N Ry & & & & &
Q° & & S o) 3 N S
S X 3 & S
N\ 5% N
PMV-PPD values for monsoon season. Vote distribution on the Humidity for three different seasons
9 .
: 74 60
Tempga?u?%o ks 8 - Humidl-ww.135511919 B Monsoon
7 € el B Summer
6 - §,— 40 - H Winter
o]
€ 5.062627508 g 30
PPD Air speed 4 g 20
] ‘o L Ii i
2 0
-] c\ \~\ Q:\ @5‘5 o o o
o NV AR @‘F L&
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 &® 3 g



. GLOBAL
o HOUSING
eI ST
ST ATl TECHNOLOGY
Prathan Menti Awas Yojaa-Urtan CHALLENGE INDIA

SESSION?

1. Thermal Comfort Standards (IMAC, ASHRAE)
2. Effect of Building Material Properties on Thermal Comfort
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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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Indoor Operative Temperature (°C)
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Chennai: IMAC Band, Naturally Ventilated
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

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

Srinagar: IMAC Band, Naturally Ventilated
u

30.0 -~ 2 IMAC ANALYSIS STEPS
[==] o 5
28.0 o - &
o o @
£26.0 « 3 <
g & N
% 240 @ -~ -
=4 - == z E N
8220 ~ by & @ ~ Time Stamp
§ o ok o © -L -l
~ = :
20.0 - . o
2 N © S = [ Survey Responses ] l Indoor Data } [ Outdoor Data ]
®180 ~ 7 2
2 o 3
O 16.0 ~ © 'L
é 14.0 P o - -
= o = e " Votes Vs. Indoor
120 @ & ]
o - = ! M e 5
10.0 = gL Climate )
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec o % ‘P
40 : . Neutrality
Meutral temp. = 0.54*(30-day outdoor running mean air temp.) + 12.83
-g R>=0.81, p<0.001 _ i [
T 3 STAGE |
: \
E 30 11_I.......................1....""..""""......r"
= £ ( Y 3
£ > : Neutrality Vs. Outdoor P =
- : . -]
g i Chmate il g
s 2 L F ‘gs
% ] e 90% acceptability = +2 4°C § * i o
Z 15 " 85% acceptability = +3.3°C =
S0 accepabiliby S TC i Acceptability Limits i A
10 1|‘ e r ..I
10 15 20 25 30 35 40
30-day outdoor running mean air temperature (°C) b.;"l‘j'l,t[ il. . J\.dﬂplh‘& M“‘dtl
Meutral temperature 90% acceptability == == E5% acceptability ««=s== 80% acceptability ) B

IMAC model for naturally ventilated buildings.
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IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

35 4

it The model indicates that

Neutral temp. = 0.54%(30-day outdoor running mean air temp.) + 12.83
R*=0.81, p=<0.00]
- e . W% acceptabihity = £2 4°C
) 85% acceptability = 3 3°C
80 acceptabihity = +4_1°C
10 15 20 25 30 35 40

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

Neutral temperature = 00% acceptability =— = 35% acceptability =++-=-

IMAC model for naturally ventilated buildings.

80% acceptability

occupantsin NV buildings
thermally adapt to the
outdoor temperature of
their location and the
neutral temperature varies
from 19.6 to 28.5 Cfor the
aboveoutdoor limits.
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Neutral temp. = 0.28%(30-day outdoor running mean air temp.) + 17.
R*=0.72,p<0.00]

Ministry of Housing and Urban Affairs

x--

7"_7_,}‘- g—

ST &Y et
ST

IMAC (INDIA MODEL FOR ADAPTIVE THERMAL COMFORT)

Neutral temperature
- = = 85% acceptability

.»

..
aew

.-

90%% acceptability

85% acceptability
80%6 acceptability

15 20 25 30
30-day outdoor running mean air temperature (°C)

IMAC model for mixed mode buildings.

+4 5°C

+5.9°(

35

90% acceptability
......... 80% acceptability
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acceptability  limits
derived from the IMAC data
are wider for MM Dbuildings
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)

ANSI/ASHRAE Standard 55-2020
(Supersedes ANSI/ASHRAE Standard 55-2017)
Includes ANSI/ASHRAE addenda listed in Appendix N

Thermal
Environmental
Conditions for

Human Occupancy

ASHRAE (American Society of Heating and Refrigeration
Engineering) Standard 55 specifies conditions for acceptable
thermal environments and is intended for use in the design,
operation, and commissioning of buildings and other occupied
spaces

ASHRAE 55 defines thermal comfort
as O O EcAndition of mind that expresses
satisfactionwith thethermal AT OE O1.1
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ASHRAE 582020 (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 58020 (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

[alp-
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ASHRAE 582020 (THERMAL COMFORT STANDARD)
ASHRAES5 Optional Method for Determining Acceptable Thermal Conditions in Naturally

Conditioned Spaces
A In order for this optional method to

apply, the spacein question must be
equipped with operable windows
that are open to the outdoors and
can be readily openedand adjusted
by the occupantsof the space

A PMV and PPD are used to
determine these acceptability

ranges

indoor operative temperature ( °C )

32

50F 59 F 68 F 77 F 86 F

95 F

30

28

26
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22
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16

14

(90% acceptability limits |

T~

[80% acceptability limits |

10 15 20 25 30

mean monthly outdoor air temperature (°C)

35

86.0F

824F

788 F

75.2F

716 F

68.0F

64.4F

608 F

Acceptable operative temperature ranges for naturally conditioned

spaces
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EFFECT OF BUILDING MATERIAL PROPERTIES ON THERMAL COMF

AMateriaIs has a direct impact on the achievementof the required thermal properties

of abuilding dueto 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/(m.K). The lower the thermal Temperaturel()— N

conductivity of a material, the better the

thermal performance.
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EFFECT OF BUILDING I\/IATERIAL PROPERTIES ON THERMAL COMF

A Specific Heat: Specificheat is the quantity of heatin kilo-joule required to heat 1Kg
by 1 kelvin. Specificheat is useful when we use material in high temperature areas
Unit is kJ/ kg .K.

A Thermal Mass: Thermal massis the ability of a material to absorb, store and release
heat. Thermal lag is the rate at which a material releases stored heat. For most
common building materials, the higher the thermal mass,the longer the thermal lag.
It is calculated by multiplying the specific heat capacity by the density of a material.
Unit of thermal massis kJ/m 3.K

A 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 TRANSMITTANCE {(\VALUE)

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. S
2. SHG((Solar heat gain coefficient) : Blocking the O O [radi@nt heat.
Lower SHGGneanslessradiant solar heat gain through the window. s"f:‘f{i%.zmg
3. VLT Visible light Transmittance : Visible light passedthrough the g
window. VLT is rated between O and 1. A higher number indicates
more light is transmitted . "1 0% ot visible
light transmittec
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
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GUIDANCE ON-YALUE, 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



Y BmIRE Qi Z s
GUIDANCE ON-WYALUE, SHGC AND VLT FOR FENESTRATIONS

Dosin Indian climatic Context

0 Chooseproducts with least SHGGnd U value and optimum VLT.

0 Determine an optimum set of values for U-value, solar heat gain coefficient, and
visible transmittance.

0 Add overhead shading, use dark tinted glassat visible height and clear at higher
levels. For shadedwindows, products with lower U valuesperform better.

$ 1 1i6 I@dian climatic Context

Do not useglasswith very low U value and moderate SHGC

Do not assumedark tinted glassbrings solar control

0 Donot useun-insulated frames

Ministry of Hou g dUb Affai

O« O«

Note: Remembethat samefenestrationproduct behavedifferently w.r.t. the specificdesign It should
not beassumedhat productswith Low U-valueand SHGGre bestand universalsolution.



. GLOBAL
T HOUSING
T |
TECHNOLOGY
HATATH AAAT-STE
Pradhan Manti Awas Yojana-Urhen CHALLENGE INDIA

SESSIORB

1. Six LightHouse Projects and its Innovative Construction Technology
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AIM FOR THE INCEPT ON OF LHP PROJECTS

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 Serveaslive laboratories for transfer of technologyto the field i.e., Planning,Design,
Production of components,Construction Practices,and Testing.

A Live Lab for Students, Faculties, Builder, Professionalsof Public and Private sectors,
and other stakeholders

A To encouragelarge-scaleparticipation of peopleto createtechnical awarenessfor on-
site learning, Stakeholder consultation, ideas for solutions, Learning by doing
experiments.
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CONCEPT OF LHP PROJECTS

U The fundamental concept of the Light-House Projects is to encourage large-scale
participation of the people of India for mainstreaming the proven technologies
identified globally by the principles.
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DEMONSTRATION HOUSING PROJEONISA

A MoHUA initiative  through Building
Materials & Technology Promotion
Council (BMTPC)as a part of Technology
Sub-Mission under PMAY (U)
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THE LIGHFHOUSE PROJEGITNDIA

LHPsare model housing projects with housesbuilt

with shortlisted alternate technology suitable to the

geo-climatic and hazard conditions of the region.

A Indore (Prefab Sandwichpanel)

A Rajkot (Monolithic concrete construction using
tunnel formwork)

A Chennai (Precast concrete construction system
assembledat site)

A Ranchi (Precast concrete construction system
3d volumetric)

A Agartala (Light gaugesteeland PEB)

A Lucknow (Stayin placeformwork and PEB)
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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 EPSgranule balls, adhesive,cement,sand, fly ash .-
and other bonding materials in mortar form.

A The core material in slurry stateis pushedunder pressureinto pre-
setmoulds. Prefabricated EPS

AOnceset, it shall be moved for curing and readv for use with steel Sandwich Panel
support structure beamsand columns.
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Pole holes Salid heart Rod hales Block hole

Steel Structure Prefabricated EPS Panel Types of Prefabricated Sandwich Panels
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LHP Rajkot Monolithic Concrete Construction using Tunnel Formwork

ACustomized engineering formwork replacing conventional steel o

plywood shuttering systems.
AMechanized system for cellular structures. -
ATwo half shells which are placed together to form a room or cell.
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

A Precast dense reinforced cement concrete
hollow core columnsand RCCshearwalls is
being usedasstructure .

A AAC blocks in partition walls are being
used.

A Dowel bars, continuity reinforcement
placedat connections

A Seltcompacting concrete is being used in
hollow coresof columns.

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
completethe structure

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

A Light GaugeSteel Framed Structure with Infill Concrete
Panels(LGSFICP)Technology

A Factory made Light Gauge Steel Framed Structure
(LGSFS),light weight concrete and precast panels are

being used Structural Details of LGSF#ill Concrete Walll

Precast concrete panels Light Gauge Steel Frame Structure Assembly of LGS Frames and Construction of Wal



. GLOBAL
) HOUSING ; IZ Deutsche Gesellschatt
e | oD fir Inter
STETH ATAAT- ST TECHNOLOGY e 3 Rﬂ |é| s KIIIIFEL Y 8§ &= Zusammenar haut (GIZ) GmbH
Prathan M Awas Yojaa-Urtan CHALLENGE INDIA Ministry of Housing and Urban Affairs qﬁm

Government of India

LHP Lucknow Stay in Place Formwork

SIPformwork is an advancedhybrid construction technology consisting of rigid polyvinyl
chloride-basedpolymer panelinfilled with self-compactingconcretein abuilding envelope

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

Hot rolled Pre-Engineered building steel sections act as a structural framework of the
building. ~ IR o G
SIPformwork works asa partition of building walls.
It is a proven technologyin Canada& Australia.
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LHP LUCKNOWPROJECT OVERVIEW

Project Brief

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

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

Plot area 20,036 sg.mt.

Carpet area of each DU 34.51 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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LHP LUCKNOWPROJECT PLAN
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Site Plan
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1. Green Building (Brief, Green Measures, Indigenous and Low embodied

Materials, Best Practices)
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GREEN BUILDING

Greenbuilding is the practice of increasingthe efficiency of
buildings and their useof:

V Energy,

V Water,

V Materials ,

And reducing building impacts on human health and the
environment, through better siting, design, construction,
operation, maintenance, and removal taking into account

every aspectof the complete building life cycle.

The Indian green building council (IGBC)is the leading green building movement in the country .
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GREEN BUILDING
Green Building Concept and characteristics
O! Green Building is one that usesless water, optimizes energy efficiency, conservesnatural resources,
generatedesswaste,and provideshealthier spacegor occupantsascomparedto a conventionalbuilding o

V Minimize the use of water during construction and provide mechanisms to reduce

O Efficient use of water
=

the building's water footprint .
V Reduce energy consumption, use renewable energy and increase energy

Energy and atmosphere
efficiency to reduce pollution.

Materials and resources V' Incorporate recycling systems, use sustainable materials, and save as many
resources as possible during construction.

V Address the quality of the space for its occupants, such as air cleanliness,

Indoor environmental qualit . .
Y thermal control, and noise pollution.

5> [B) mm

V Implement innovative sustainability strategies during its construction.

- Design innovation

III/:)/
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GREEN BUILDING

V Sustainabledevelopmentand .
sustainability are integral to

greenbuilding. .

V The idea of sustainability-
actions and decisionstoday

do not iInhibit  the .
opportunities of future
generations .

Green Building Goals
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GREEN BUILDING

Green Measures and practices in Buildings to Make it More Sustainable

Trees and

Vegetation
Planting of trees
and vegetation has
both direct (reduce
CQ@ from the
atmosphere) and
Indirect  (reduce
energy
consumption)
contributions In
reducing CQ from
the atmosphere




