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INTRODUCTIONMOHUA

W1 2 dZard y 3 2D22
Under the Mission, Ministry of Housingand Urban Affairs (MoHUA), provides Central

Assistancdo implementingagenciesthrough Statesand Union Territoriesfor providing
housesto all eligiblefamilies/beneficiariedy 2022
Addressindhe affordablehousingrequirementin urbanareasthrough:

Affordable Housingn
Partnership with Public & Private
Sectors

Subsidyfor
BeneficiaryLed _
individual house Promotion of
construction/ Aff_ordable
enhancement. Housing through
In-situ Slum CLSS

Redevelopment
(ISSR) for Slums

Slum rehabilitationof Slum
Dwellers with participation of
private developers using land as a
resource.



INTRODUCTIONSIZ

A GIzis an international cooperationenterprise
for sustainabledevelopmentwhich operates

. . . . Energy
worldwide,on a publicbenefit basis

A Glzis fully owned by the German Federal TN
Government, GIZ implement development
programsin partner country on behalf of the Sustainable GIZ y Emionment
German Government in achieving its =conomic / Change and

. C Development Biodiversity

developmentpolicyobjectives

A Forover 60 years the GlZhasbeenworking
jointly with partnersin India for sustainable
economic,  ecological, and  social e o
development



TASKS PLANNED WITH MoHUA
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| Map highlighting

,J/) __/,;7"; RL\\ the States, under
The Climate Smart Buildings (CSB) / \""1' | "~/ Central Cluster /f\/\y__
program is aligned with the commitments made by {\J JH\ \ ~\ _Q( \ //;/4/
the Indian Government to meet its objectives b_ . B /?— /x ] l (\\,\_ :l\ i;:._...
submittedunder SDGL1. = \""\r_/y’] o I\/IP ; L—,_l < Oy\\j
Indo-GermanEnergyprogrammed L D9 b Qéq\/*? \ﬂ\ b T EIINE. /’“ /f,.z_-..\,\.,,-\l;./J
Programme) Climate Smart Buildings(CSB proposes p- — 5 C\GJ /J
to extendtechnicalassistanceand cooperationfor the S MH // - ‘v\/ /
followings k / A | %_ _,-=-.'§/
A Developingaction plan for Thermal Comfort to GO&{_ ' .
build Climate Resilient Buildings for mass scale 0 \\ §
application o0 0 ,\' Y | Q
A Implementation of Global Housing Technology \\//J O°8°
Challengdndia(GHT@ndia) ~"HEAD OFFICE of CENTRAL CLUSTER
Indore, Madhya Pradesh NS

known as O06Centr al Cl u:
(alias CSB Cell)
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Resilience

9.INDUSTRY, INNOVATION AND
INFRASTRUCTURE

_ { Ciimate \ DESIGN

l

Build resilient infrastructure, promote CONSTRUCTIOlN
Inclusive and sustainable industrialization, anc
foster innovation l

Houses for

13. PROTECT THE PLANET
Take urgent action to combat climate Thermal
change and its impacts Comfort

POST
OCCUPANCY
(O & M)
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CSB CEEMWORK PACKAGES

Integration
in
e laws

/

A

0-3MONTHS 3-6 MONTHS 6-18 MONTHS

Work Package 1: Work Package 2: Work Package 3: Work Package 4
Facilitate Technical assistanceto Inclusion of climate Capacity development
implementation  and enhance thermal resilience and thermal of Govt officials and

monitoring of Light comfort in upcoming comfort requirements private stakeholderson
HouseProjects(LHPs)  Demonstration Housing in building byelawsand thermal comfort in the

Projects (DHPs) and Local Government CentralCluster
ARHCs (Affordable framework in Central
rental housing Cluster

complexes) and other
Public/Private housing
projects in the Central
Cluster



Session 1. Thermal Comfort

a) Indices

b) Thermal comfort in Affordable Housing
c) Passive strategies & Building Physics
d) Case studies

e) Live exercise

. Passive Architectural Design Strategies
i. Building Construction material

i. NO cost solutions



Thermal comfort is the condition of mind
that expresses satisfaction with the
thermal environment and is assessedby
subjective evaluation (ANSI/ASHRAI
Standard55)

Thermal comfort is difficult to measure
becauseit is highly subjective It depends
on the air temperature, humidity, radiant
temperature, air velocity, metabolic rates,
andclothinglevels
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Personalfactor
V Clothinginsulation
V Metabolic Ratgdmet)

Environmentalfactor

V Humidity

V Air Speed

V Air Temperature

V RadiantTemperature



FACTORS AFFECTING THERMAL COMNDR®DR ENVIRONMEN"
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Thermal comfort refers to the
perceived feeling on the human body
as the result of the effect of heat and
cold sources in the environment.

Heat exchange between the human
body and its environment via

A Radiation

A Convection

A Evaporation



Thermal comfort indices describe how the human body experiences atmospheric conditions,
specifically air temperature, humidity, wind and radiation.
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Operative temperature is defined as a uniform temperature of an
Imaginary black enclosurein which an occupant would exchangethe
sameamount of heat by radiation plus convectionas in the actual non
uniform environment

Naturally Ventilated Buildings
Indoor Operative Temperature = (0.54 x outdoor temperature) + 12.83

OPERATIVE TEMPERATURE (°F)
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Mean Radiant Temperature

Imaginary room

R tf R;

I /
. Heat 9

exchange by
radiation:

R=R’ /

- The Mean Radiant Temperature is that uniform temperature of an
imaginary black enclosure resulting in same heat loss by radiation from
the person, as the actual enclosure.

3
z

* Measuring all surface temperatures and calculation of angle factors is
time consuming. Therefore use of Mean Radiant Temperature is avoided
when possible.

MRT = T\F,_, + TsvF, s+...+T,F,_,



THERMAL COMFORT INDICES

THE PREDICTED MEAN VOTE (PMV)

A PMVrefers to a thermal scale that runs from Col8)(to Hot (+3).
A PMV range for thermal comfort6.5 and +0.5or an interior spacéASHARE 55)

Inputs for Energy Balance

Metabolic Rate

Clothing Insulation

Air Temperature

Air Velocity

Mean Radiant Temperature

Relative Humidity

Storage = Production - Loss

PMV Index

+2 Warm

+1  Slightly Warm
0  Neutral (Comfort)
-1 Slightly Cool

-2 Cool




PREDICTED PERCENTAGE OF DISCOMFORT

PPD.or indexthat establishesa quantitative prediction of the percentage
of thermallydissatisfiedbccupantgi.e. too warmor too cold)

COLD cooL SLIGHTLY COOL NEUTRAL SLIGHTLY WARM WARM HOT

-3 -2 1 0 +1 12 +3



Lack of vegetation, lack Anthropogenic heat released from
of evaporative cooling, heated or cooled buildings

shading
Heat released
Building materials store by traffic
solar heat and release it Tall buildings trap air
at night in to the street
canyons and reduce
Q wind speed within
Long-wave radiation Hie oty
is reflected from
walls back to street \

evel % 1@@@ g

Due to the UHI a city centre can
be over 10 degrees warmer than
the surrounding countryside




Impact of Heatwave
Impact on working hours

O 5 10 1 20 25 30 35 40

Today 2030 2050

https://www.mckinsey.com/businesginctions/sustainability/ousinsights/climaterisk-and-responsephysicalhazards
and-socioeconomigmpacts




Change in temperature (in° C)

-026-0.28
028-039
039-052
0.52-069
069-093

A lack of thermal comfort makes us
feel stressed annoyed,distracted, feel
sleepytired andlackingconcentration
In turn, thermal comfort inevitably has
animpacton well-being,productivity

SourceBiannialupdate report India



MEASURES TO IMPROVE THERMAL COMRKOBESIGN

PassiveDesign
Desigrthat leverages climatologicalhgsponsivadesignto encouragenatural

heating/coolingyentilation,andlighting.

Active Design
Desigrthat relieslargelyon mechanical electricalsourcesof heating/ cooling,

ventilation,andlighting. /’

77 Summer Sun Path

Passivalesignneedsactive users.

Active designneedspassiveusers.




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

Building Ventilation Types

v

l

¥

Naturally VMed (NV)

Mixed Mode (MM)

Air Conditioned (AC)

A-ORM & ORIENTATION OF BUILDING BLOCKS

AENESTRATION

ASHADING OF OPENING /WINDOWS

DOAYLIGHTING

ANATURAL VENTILATION

A/EGETATION




ORIENTATION OF BUILDING BLOCKS
SUMMER SUN

® Sun path at a high angle sun, north to E-W axis

» Glare free daylight is most easily available
on north facade as minimal solar radation
will fall at high angle

WINTER SUN == =

* Sun path atalow angle, south to E-W axis ;L i-ﬁ J WINTER Ly * Easy shading of south facade from

D 9 high angle sun
* Solar radation will penetrate south facing ly A
facades at a low angle during winter

E

East and west facades continue to receive
uniform, strong solar radiation at a
low angle through the year.

Source: NZEB



ORIENTATION OF BUILDING BLOCKS

= i

e ——— @

Orient longer facades along the north. This will provide glare free light in summer from north without shading and winter sun penetration from the south.

—

it a site has multiple buildings, they should be arranged in

ascending order of their heights and be built on stilts
to allow ventilation

—_— =

-
I'IEgEtI"n’-E pressure

1
| |

Taller forms in the wind direction of

prevailing wind can alter the wind movement pattern
for low lying buildings behind them

Source: NZEB
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degree

Place buildings at a 30 or 45 degree angle to

the direction of wind for enhanced ventilation.
Form can be staggered in the wind facing direction
also to achieve the same result.

'_-_h“"'--—._
staggered layout helps in =
accentuating wind movement o
e ~ 250
P i % >k I 4
N ”~ v / > ’
1 - o e . ”
” ”~ £ o ’/
/,/ y i4 3 %% 4 ” P /,/
/@ £ 7
o 3y & 2

Salid shape type Surface area(S)  \elume (V) Ratlo(S/V)

2 Q6 64 15
b 1032 64 1.61
¢ 136 04 213




FORM OF BUILDING BLOCKS

. Maximise mutual shading through built forms

=

closely placed forms narrow streets - keep building height to street width ratio minimal
. Minimise S/V ratio in extreme climates

<'<,
¢ l—(ﬂ()-<=

surface area for the same volume

. Minimise P/A ratio in extreme climates

O«¢< [l




MEASURES TO IMPROVE THERMAL COMFORT

passwe design strategles for affordable housmg

ORIENTATION OF BUILDING BLOCKS

UDAAN, low cost mass housmg prOJect at Mumbai
A Maximumdaylight

A Properventilation

TheOrientationcanalter the thermal comfort up to ¢ 9 %asthe areaof the wind facingwall
varieswith the orientation

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

/ ///
/
” /

/ Orientation and form

An extreme climatic conditiooompact plannings more preferable
AViinimising the perimeter to area ratio of building form, building performs better in terms of thermal corr
ACompact formgain less heat at day time and loss heat during night time

Minimizing the surfaceareato volumeratio minimizesheat transfer.



Transfer of heat from one
CONDUCTION material to another, through

direct contact

Transfer of heat through a

&0)\\Vi=(eap[®]\\| | medium, in case of buildings it

mostly air

S

Energy that is radiated in form

RADIATION of rays/ waves

floor, skylight, columns ,beams,doors

to fulfil the user requirements such
aestheticssafety,visibility, etc.

[
»

Above image is only for illustration

Building consist of wall, roof, fenestration,

Forthe samewe do require different materials

as



EFFECT OF MATERIALS ON THERMAL COMFORT

————————————————————————————————————————
d ~
/

Thermal transmittance Wralue

i Indoor Space

A Heat transfer due to temperature
difference, inside & outside

A Heat transmission in unit time through
------------------------------------------- ’ unit area of a material or construction
S —— A and the boundary air films, induced by
unit temperature difference between the
environments on each side

A Unit of U value i®V/m2k.

W

Indoor Space

WIW

o —

~o -,
........................................

A\l A Ve AV

Reflective Tiles with

Above I?eck above deck insulation of External Externally
Insulation low thickness Insulation Insulated
For Roof with AAC Block Wall
A Reflective paints For External Wall
A Roof garden A Increase wall thickness
A Insulation Above Deck

A Insulations over walls

A Reflective tilesChina Mosaijd"su/tion .
A Cavity



EFFECT OF MATERIALS ON THERMAL COMFORT

Before selecting insulation material for a building, the following factors need to be considered:
The climatic conditions of the region

The material flammability in case of an accident

Material toxicity

Ease of replacement of the material

Material affordability

Material durability

Ease of installation

< <K<K LKL <L LK

&
- z | 2| s
5 5 B2 £| =
s| 8| E | B | =
- - =1 1 = = | =
Characteristic of & s | £ 2 = B g | = E E g’
insulating materials E & bad =] < & = B B < =
(o] i [
> s | 2| 8 = | &b | = S G & B
= = 4 = & = B = = o 2
- @ | = | & = | & | 2 | B =
= = | g | = & - S S - E
Z e | 5| 2 | E| 8| 8| 2|&8| 8| €
| = o — | "=
= rm = [~ & = - = = = o bad
Light mineral Woaol - . -- L e + +4 + L
Dense Mineral Wool s+ |+ +s . 0 _ 44 = + +
Glass foam - - T 4+ 4 Fa +4 +4 . ~ 44
PUR .+ 0 0 . + ++ | |+ .t
EPS =+ | . |+ + |0 |+ 0 ) e |
KPS & ] & 45 & + | . (] . 4 &
++ Vary high: + High: O Avarage: - Low: _._ Very low

Comparison of commonly used insulation material




Fenestration

Heat transmitted
directly inside

Solar radiation
incident on the glazing

Heat reflected

e

Re-radiated outside Re-radiated inside

8% 8%
OUTSIDE INSIDE

Heat transmission in a single glazing clear glass

ABSORBED

Source: NZEB

OUTSIDE Visible Light |

Fenestration type

A fenestrationsystemwith low U-valueand low
effective SHGCcan result in reduction of
heating and cooling demand by 6-11% in
moderate climate and between 8-16% in hot
humid, hot dry, and compositeclimates

1 Solar Heat Gain Coefficient (SHGC)
Measure of soalr heat transmitted through the window
Lower values mean less solar heat gain

SHGC should be lower for warm climates and higher for cold climates
2:N

»-V-)- g - v“-‘r’
PN e o . /
Solar Radiation g
A5
A

2 Visual Light Transmission (VLT)
- Visible light that passes through the glazing
Higher VLT denotes higher daylight penetration

] —> INSIDE

il =

[

3 Uvalue
Denotes conduction heat gain through glazing unit (frame + glazing)
Lower U value means less heat is conducted

4 Light to Solar Gain Ratio (LSG)
Ratio of VLT to SHGC
Higher values better for daylight harvesting




SHADING OF OPENING /WINDOWS

L vsA
J




MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

Horizontal BIPV Shading Devices Vertical BIPV Shading Devices
SHADING OF OPENING /WINDOWS Cases Cases

Vertical Shading Horizontal Shading Horizontal & Vertical Shading

HSA
VSA :
/" VSA ‘
) H-SD-0 (no inclination) V-SD-0 (no inclination)
H-SD-30 (inclined at 30°) V-SD-30 (inclined at 30°)
H-SD-45 (inclined at 45°) V-SD-45 (inclined at 45°)
H-SD-60 (inclined at 60°) V-SD-60 (inclined at 60°)
; //m Shadow Angle )
: Protector
Shading mask of vertical shading device Shading mask of horizontal shading device Shading mask of egg crate shading device

vertical shading devices horizontal shading devices comination of horizontal and

protect from sun at sides protect from sun at high angles vertical shading devices protect

of the elevation such as and opposite to the wall to be shaded from sun in all orientations

east and west side such as north and south sides

Solarshadingdeviceshelps
A Diffusinglight

A Controlheat

A Improvingdaylight
Comfortableliving

Use of shading device at Palace of Assembly, Chandigarh

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
DAYLIGHTING

overcast sky

adjacent building

ground

A Designeddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting can impactthe energyuse by reducing
the lightingenergydemandup to 20-30%.

Source: NZEB
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Daylighting and Shadingat AranyaHousing,Indore



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

NATURAL VENTILATION
Crossventilation
to allow maximum air flow :|a
o &
insidethe space 28 t ’
HE

Living zone is the space commonly
used by occupants. Air movement
should be directed through this space.

inlet openings placed at high level deviate air flow away from the living zone
irrespective of outlet position

Types of opening and their
location

Natural ventilation helps in

reducing mechanical cooling
load of the building

Sashes Louvres Canopies
Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

NATURAL VENTILATION

X Don't

Horizontal placing of openings and internal partitions can alter the direction and spread of air st



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing

VEGETATION

Trees and shrubs create different air flow \\x ;
patterns, provide shading and keep the N \
surroundings cooler in warm weather

Vegetation can be used for energy _u_'

conservationn buildingsin the followingways

creepers are flexible shading devices for shading verandahs and interior spaces as
per the season

AShadingf buildingsand open spaceghrough
landscaping

ﬁRoofgardens(or_greenroofs). o smmER )
fShadingof vertical and horizontal surfaces - £ 7
(greenwalls) - é' |
Mufferagainstcold and hot winds 0o &% 00 —&T‘_
AChanginglirectionof wind = _ U

deciduous trees allow sun penetration in winter and block sun access during
summer



MEASURES TO IMPROVE THERMAL COMFORT

passive design strategies for affordable housing
VEGETATION

evergreen tress spaced ata

distance for shading east An | Nncrease | N
facing walls .
urbanvegetationto reduce
urban heat and improve
outdoor thermal comfort.

/[, plantation for funneling
| //| wind to the building

< -~

trees should be at a dlstanc
from the north facing side to
allow daylight

3/ deciduous trees

that can provide Treesalsoreduceambient
solar access during

W iiter alongitth air temperature due to
“” R deepverandahson - aygpotranspiration

south side for

“*(’//.
é_“"@
=N

é A

Sudy shows that ambient air under a tree
adjacent to the wall is about22.5°C lower
than that for unshaded areas.

evergreen, closely spaced
trees and shrubs for shading
west facing walls

Source: NZEB Communlty,Gary HortonLandscape Development






CASE STUDGSMARTGHARII, RAJKOT

Project: Affordable housingin Rajkotunder PMAYUntenableSlumRedevelopment.
wSitearea:17,593m2

wBuiltuparea:57,408m2

wNumberof dwellingunits (DU):
1176(All1 BHK)

wllresidentialtowers: Stilt+ 7

41°C
Typical summer
max. day temp.

KeyFeatures —

Typical max. room temp.
(pre-charrette)

wSensitivehdesignedvindow
shadedo reduceheatgainswhile |
Improvingdaylight.

33°C l
Max. room temp. with revised
window design and assisted

ventilation in the commmon shaft.
P— 5]

wUse ofafan-servicedventilation
shaftto improveair quality inside.

|

Exhaust air = Exhaust air
Exhaust fan ' =
ﬁ
Outcomes w0l | i g =
; :g ﬁ,% b
A ] NS =1

1600 mm

wReducegpeaksummerroom
temperatureby >54C

wlncreasechumberof comfortable
hoursfrom ~2600hoursto ~6300
hours.

Source: BEEP

COMMON
SHAFT

After charrette:

Taller, partially
glazed casement

windows. Casement
windows provide
better natural
ventilation as they
are 90% openable.
The window
shutters are 2/3rd
opaque, which
prevents heat gains
from entering.
Glazing is reduced
to 1/3rd, which
provides adequate
daylight.



CASE STUDRAMBAUGHBURHANPUR

Aresidence which habeen

designed toremaincool R
without the useof anair ‘ | ————
conditioner. — B EP—

ORESSING & BATHROOM

ENTRANCE PASSAGE
& STAIR CASE CABIN

STACK VENTILATION SHAFT
& POOJA ROOM

KeyFeatures B B e

wmutualshading | |

woptimal

. .
b u I | d I I lg RECESSED COURTYARD
~ FOR MORNING BREAKFAST

. . ‘ : AT SOUTH
orientation

CONNECTING LAYERS

Source: Parekh Collaborative



CASE STURKANCHANJUNGA APARTMENTS

arabian sea <u‘n. 2 ‘

M Ir IYEN
U"

Aarchitect: Charles Correa
A ocation:Bombay, India

ACompleted on:1983 munsoon gl i

Auilding TypeSkyscraper multiamily A j

housing | ‘'n TERT: hot (east)

|

AConstruction SystemConcrete R of g ,

Aloors:32 <y B
D ™ h P breeze
B ™

Key Features » 00

«» harbours
459

The main living spaces with an enclosed

breeze

verandah whilst turning that buffer zone into

a garden, thriving on the problem. Because of
climatic considerations with existing views,
the massing settled upon a configuration
facing east and west

|

P
e

|

v ¥ V% Yo Ye Y)Y

Ny =

W

4

Yo VYV Vg Wy /V Wy

Typical section, showing interlock of basic units




a)Live exercise

. Passive Architectural Design Strategies
. Building Construction material

. NO cost solutions



BRIEF

Climate

T

Hot & Dry

Climate
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Composite
Climate

Warm & Humid

Climate

T L T T

Moderate
Climate

Thermal Comfort & Daylight system : Resist heat gain / Promote heat loss

B

Increase thermal resistance
High Insulation

Increase buffer spaces
Air locks / Balconies etc.

Increase thermal capacity (time-lag)

High Thermal Mass

Increase air exchange rate
(Ventilation during

Roof overhangs
Roof overhangs can

y! al

night-time) I shade from summer
Provide windows / ! q ' sun while letting in
Exhausts / Courtyards/ g s .I winter rays.

wind towers

Compact internal planning
Openings for cross ventilation

Increase humidity
levels

Trees, water ponds,
evaporative cooling,
Potential heatsink,
night cooling

Increase surface reflectivity
High SRI paints, Cool roofs,
China mosaic files etc.

B R R R P R R T T T

Increase buffer spaces
Balconies, courtyards efc.

Increase thermal capacity (time-lag)

High Thermal Mass

Temperanare (K)

Increase thermal resistance
Mederate to High Insulation

W sy

Increase air exchange rafe Roof overhangs

Compact internal planning
Openings for cross ventilation

At A

(Ventilation during night-fime)

i s/ Roof overhangs can =2 g
rovide windows S shade from summer s |
vl seaml B\
E)fhausfs / Courtyards/ | 7, sunwhile lettingin T e
wl:fld towers / solar = winter rays. wee \§ou\ o
chimney =] Ep—— e fecssurersarpeaz
Increase thermal i D Increase buffer spaces
resdarcesndtheiaal e Balconies, verandahs etc.
capacity (time-lag) ek lotion= j“l (Vo
High Insulation & High [r—— X (\ &
thermal mass with water #macsmembans ;"’g{t“;ﬁ 27 i
roofin o — 1 3 e B
proofing e T v W5
3
Increase air exchange rate v
[Ventilation during nightfime) we i Shadi o
; ading 2T e
Ventilated roof . Walls. al ‘ s 3
construction, Courtyards, r:':"::do;s uE ocesm i< §!
wind towers (axial fans) 5., P h { d - f
and arrangement of ovaIangs: lan | L
trees o

openings

Increase buffer spaces
Balconies, verandahs, lobbies etc.

Increase thermal
resistance and
thermal capacity
(timelag)

High Insulation & ..
low / moderate
thermal mass

el

Increase air exchange rate
(Ventilation during nighttime)
Ventilated roof
construction, Courtyards,
wind towers (axial fans)
and arrangement of
oBaninages

Shading

Walls, glass surfaces
protected by
overhangs, fins and
trees

corridor

opposite side
windows for e

cross ventilation

Elongated free plan can be
evolved, if shaded well
Openings for cross ventilation

IaneClSe SUffGCe reﬂeclivily
High SRI paints, Cool roofs,
China mosaic tiles etc.

Evrwes Sokot et bebive it enten o budiing

Increase humidity

levels = .7.“: -
Trees, water ponds, W :
)

evaporative B \\\k\ W)
cooling, Potential ~ xox’| 47 AN I
heatsink FEEENN

P R

Increase surface reflectivity
High SRI paints, Cool roofs,
China mosaic tiles etc.

Decrease humidity levels
Dehumidifier/ desiccant

: cooling, Potential heatsink,
2 """ Create Air pressure
difference / Cross
Ventilation enhancement

Decrease humidity levels
Dehumidifier/ desiccant
cooling, Potential heatsink,
Create Air pressure
difference / Cross
Ventilation enhancement

Elongated free plan can be evolved with
single loaded corridor
Openings for cross ventilation
| e g .

i

B e L L

Increase surface reflectivity
High SRI paints, Cool roofs,
China mosaic tiles etc.
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Common Building Design Strategies

Building orientation w.r.t Wind
A wind incidence at 45 would increase the average
indoor air velocity (X<Y)

—
X Yy
-

Alr flow atas*

Decrease exposed surface Area
E-W longer axis; Low S/V ratio

Alr flow at 90°

Increase Shading
Adjustable vertical
shading on EW
facade & Deep
horizontal shading /
overhangs & trees on

South & SW facade

Dense plonting as wind South facing courtyard

breaks with moist, cool fernery
Deciduous trees & shurbs Deciduous trees &
shade the east and west vines to the north

wall & windows
Keep evergreen trees

Placement of Trees well back from the

Atrium thumb Rule

To daylit all spaces
bordering an interior
atrium with diffuse
daylight, the max. atrium

Window type

Taller windows give
greater peneirations
& broader windows
give beiter

distribution of light. height is about 2.5 fimes .

it’s width.
Placement of windows wF € 1
Larger windows on the [ ko 37 e TR -"-.,;—;—;
windward side & smaller ey % 4% T
openings on leeward side. | WY
Air movement must be ® v

ensured through the space
mostly used by the
occupants i.e. through the

Do
'living zone' —
(up to 2 m high). —&
Building Envelope Com ponent Minimum
wall Roof Glazin Openable
CLIMATE 3 L
SHGC (W/m3K
ZONE U value U value U value el Floor Area
(Wim*K) (Wim’K) (W/m?K) wWwR<20% WWR>20%  ratio (WFRy,)
Hot & Dl'y <25 <12 <57 <05 <042 10%
Warm & - ShE =57 <05 <042 16.66%
Humid
Composite <25 <12 <57 <05 <042 12.5%
Temperate <11 <12 557 <06 <048 12.5%
Cold <25 <12 S57 <08 <0.80 8.33%




Hot & Dry

Climate

s o
Increase thermal resistance  Increase thermal capacity (timelag)  Increase buffer spaces Compact internal planning Increase surface reflectivity
High Insulation High Thermal Mass Air locks / Balconies etc.  Openings for cross ventilation ~ High SRI paints, Cool roofs,

China mosaic tiles etc.

L -y we gt o4
r o)

Increase humidity

Roof overhangs
levels

Roof overhangs can

Increase air exchange rate
(Ventilation during

night-fime) shade from summer Trees, water ponds,
Provide windows / sun while letting in evaporative cooling,
Exhausts / Courtyards/ winter rays. Potential heatsink,

wind towers night cooling



WARM AND HUMID CLIMATE

Warm & Humid

Climate A Increase thermal Resistance and thermal Capacity(Tlagg
High Insulation & High Thermal mass with water proofing

A Increase air exchange rate (Ventilation during niginte)

A Ventilated roof construction, courtyards, wind towers ( Axia
Fans) and arrangement of openings

Increase buffer spaces Elongated free plan can be Increase surface reflectivity
Concrete siabs in pads 3 X . =
Balconies, verandahs ete. evolved, if shaded well High SRI paints, Cool roofs,
Flitgr layer —— . S s . . .|
LE Openings for cross ventilation China mosaic tiles ete.
KPS insuiation }
N :
Magratien Barner
Protan GGG membrano - { r‘- T B~ I »
’ . - L % a e e——— R
Protection layer W ] . > E ———
Substrate LW . ' “
- — - - | A ' l
S

Decrease humidity levels

Shading Dehumidifier/ desiccant
Walls, glass surfaces cooling, Potential heatsink,
profected by T L~ Create Air pressure
overhangs, fins and difference / Cross

trees Ventilation enhancement




MODERATE CLIMATE

Moderate
Climate

Increase thermal Increase buffer spaces Elongated free plan can be evolved with Increase surface reflectivity
resistance and e Balconies, verandahs, lobbies etc. single loaded corridor High SRI paints, Cool roofs,
thermal capacity = Openings for cross ventilation China mosaic tiles etc.

| .

Ehmeorartar Salar Anat dede f enter ¢ lidng

T o

——

[time-lag)

High Insulation & ...
low / moderate ‘i
thermal mass -

=

corndor

opposite side
windows for

cross ventilation

Increase air exchange rate
(Ventilation during night-time)
Ventilated roof
construclion, Courtyords,
wind towers (axial fans)
and arrangement of
openings

Decrease humidity levels
Dehumidifier/ desiccant
cooling, Potential heatsink,
Create Air pressure
difference / Cross
Ventilation enhancement

Shading

Walls, glass surfaces
protected by
overhangs, fins and
trees




COMPOSITE CLIMATE

Composite
Climate

Increase surface reflectivity
High SRI paints, Cool roofs,

China mosaic tiles etc.

Increase thermal resistance  Increase thermal capacity (time-lag) Increcse buffer spaces Compact internal planning
Mecderate to High Insulation High Thermal Mass Balconies, courtyards etc.  Openings for cross ventilation

Temperatare (K)
Outdoot temperatuie Indeer temperanze Evorvnees Sokar Nt Beluve i evvien 0 Dudibing
excwation wa respoase

W pen
Increase air exchange rate Rookoverkiaizs L vy Increase humidity
2o : SR i ol — g = -
(Ventilation during night-tfime] et Roof overhangs can 4= | levels
Provide windows / e | shade from summer _wma| L -":- Trees, wonter ponds,
Exhausts / Courtyards/ - sun while leffing in o\ e evaporative
wind towers / solar TR winter rays. g \Boe\ “ae | cooling, Potential
chimney gl p—— —.—;”_—* EAO— heatsink
Mhestod by bev




Lunch Break:




Session 2: Thermal Comfort

a) Thermal Comfort standards

b) IMAC

c) ASHRAE

d) Effect of materials on thermal comfort
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EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR

According to the IMAC modeieutral
temperature in naturally ventilated
buildings varies from 19.6 to 28.%C for
30-day outdoor running mean air
temperatures ranging from 12.5 to 31
°C
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...............................................
-----------------------------------------------
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...............................................
...............................................
...............................................

An Introduction to the
India Model for
Adaptive (Thermal)
Comfort

IMAC 2014

ipal investigators

Sanyogita Manu, Yash Shukla and Rajan Rawal

Centre for Advanced Research in Building Science and
Energy, CEPT University, Ahmedabad, India

Lead experts and Co-investigators
Richard de Dear, University of Sydney
Leena Thomas, University of Technology, Sydney

Funding bodies

Ministry of New and Renewable Energy, Govt. of India

and Shakti Sustainable Energy Foundation

Introduction

Buildings represent around 40% of world's primary energy
consumption. They are, therefore, directly responsible for
increase in greenhouse gases and can play a key role in
climate change adaptation. To achieve an energy efficient
building regime, governments, businesses and individuals
must transform the way buildings are designed, built and
operated. Energy consumption in new and existing
buildings can be reduced through design interventions,
low-energy systems and behavioural changes.

In India, electricity demand already exceeds supply. The
largest and most significant end use of electricity in
commercial buildings is air-conditioning. The rapid growth
in new floor space combined with an increase in thermal
comfort expectations and aspirations, will lead to asurge in
demand for air conditioning. If permitted unchecked, the
growth in building air-conditioning will add immense
pressure on electricity infrastructure and exacerbate the
already extreme peak-demand problemin the country.

Inorder to prevent anincreasein energy use associated with
space cooling, the deployment of low energy adaptive
strategies in building operation is critical. This could also
help increase our resilience to the effects of climate change.
When the occupants are allowed to adapt to a building's
environment by means of adjusting their clothing, cooling
or heating set points, operation of windows, or any other
measures, they are able to tolerate a wider range of
environmental conditions, which, intum, helps save energy.
At present, the predominant trend in India is to design air-
conditioned office buildings that operate at 22.5 + 1°C all
year round to meet the stringent specifications outlined by
ISO 2005 and ASHRAE 55. These buildings are designed as
sealed and fully controlled environments, and do not take
advantage of favourable outdoor conditions whenever
available. This conventional approach to design and




EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR™
ASHRADBS E CBE CBE Thermal Comfort Tool Help  Other CBE tools

NVIRONMI ASHRAE-55 EN-16798 Compare Ranges Upload Fans & Heat PHS

/ Complies with ASHRAE Standard 55-2020

Inputs
PMV = -0.16 PPD =6 %
Select method: MV method g Sensation = Neutral SET =248°C
Operative temperature Psychrometric (operative temperature) hd
25 . °C
Air speed taw 131 °C S S Vs 30
. h 894 % S S S
0.1 |, m/s No local control v We 84 gulkg e YAy Ay
tl.'rLl 121 l‘:.{: .-"'f /" _",.-"'.. / 25‘
Relative humidity tep 113 °C ay ,f
o h 344 klkg YA A &
50 .| % Relative humidity v d4qa - 7 20 =
,"f .z'-' - -~ - ==
) f‘.;.-' zz."_,f i . "--\.§
Metabolic rate Fa 2 ) =
" met ot . 15 2
1 . Seated, quiet: 1.0 o P E‘
Clothing level "’f o E
0.61 _ clo Trousers, long-sleeve shi — ] S
Create custom ensemble -;'_'_'Z'..':---.'_'_'_"_'_____..----"" ________-----"" -
. . . . 0
Dynamic predictive clothing 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Operative Temperature [*C]
Solar gain on occupants
NOTE: In this psychrometric chart the abscissa is the operative temperature and for each point dry-bulb
SI/IP temperature equals mean radiant temperature (DBT = MRT). The comfort zone represents the combination
of conditions with the same DET and MRT for which the PMV is between -0.5 and +0.5, according to the

standard.

Set pressure

Local discomfort  Globe temp
Limits of Applicability: This standard is only applicable to healthy individuals. This standard does not apply
to occupants: a) whose clothing insulation exceed 1.5 clo; b) whose clothing is highly impermeable; or c) who

Feset  Sawve Feload  Share
are sleeping, reclining in contact with bedding, or able to adjust blankets or bedding.

Documentation The CEE comfort tools automatically calculates the relafive air speed and the dynamic clothing insulation .



EXISTING STANDARDS FOR IMPROVING THERMAL COMFOR"

EcoNiwas Samhita(Energy Conservation Building Code for Residential Buildings)

EcoNiwas Samhita 2018 (BEE,2018 is the new Energy ConservationBuilding Code for
ResidentiaBuildingd ECB&@R)which hasfollowing provisions

1. To minimizethe heat gainin coolingdominated climate or heat lossin heatingdominated
climate,
a. Throughthe buildingenvelope(excludingoof):
I. Maximum RETVfor cooling dominated climate (Composite Climate, Hot-Dry
Climate, WarmHumidClimate,and TemperateClimate)
Il. MaximumU-valuefor the coldclimate
b. Throughthe Roof MaximumU-valuefor Roof

2. Fornaturalventilation potential
a. Minimum openablewindow-to-floor arearatio with respectto the climaticzone

3. Fordaylightpotential
a. Minimum visiblelight transmittancewith respectto window-to-wall ratio

Thiscode focuseson building envelopeand aimsto improve the thermal comfort and reduce
the energyrequiredfor coolingandlightingin Residentiabuildings



Session 3: New age innovative technologies along with the 6 LHP construction technologies
focusing on efficiency in construction, mainstreaming & replication of technologies,
and sustainable cum thermal comfort aspects.



6 LHP ACROSS INDIA

Map showing six different LHP Locations

LHPshallserveasLIVH_aboratoriesfor different aspectf Transferof technologies



