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b .'_.'. Architecture is a curious craft !
e 3¢ : - - Christopher Benninger
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= journey in search of design and
- &nergy efficiency.

Bundlngs as shelters
A .

; * Maintaining-thermal comfort levels

.. Energy worries
i Realily check :-

- RoTe of architects

Energy efficient bUIldlng design
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" Make a change.

!

R Td Qurself

.- & - To our tnmediate surwoundings

'@ - ° Tothe society

-~ . To the region

Be. o To the nation

- To the world at large

s A : - Better quality of life for ourselves and
pe TR 8 future generations
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uildings as

.'shelters. S

-

s ‘Bu[ldingg as shelters are designed for protection from extremities

- of climate, and enshring thermal comfort conditions in the

interiqrs..




- Major concerns....

!

AL :I‘Irle ihdoo'r°thermal comfort is mostly maintained by the means of HVAC

* -* ‘systems which consume huge amounts of electricity for their operation

. and hav@ a share of 55 percent in the annual energy demand of a
building, . '




Buildings....evolutionary changes

The major evolutionary changes were

witnessed since 19th century, when the

concepts of building physics were
.. | Introduced in the building envelope design
”’j by the scientists in the year 1828.

- The thermal properties of building materials

.,y occupied centre stage in design with the
> advent of terms like thermal conductivity (K-
= value), also known as U-value.
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-‘?I'he phifnary function of a building envelope has not changed over
:‘_;._'_. 3 periods. of time, but its design has witnessed a gradual shift from

bein§ constructed as large thermal masses with small openings in

the past t_o_hugé glazed unshaded facades in the present.




BUiIdihg-s and climate destabilization....

P e ENVIRONMENT
% Ry ’ “ P Yy Mﬁ’E A"’"?. MP

: -The |ssue of buﬂdlng energy demand cannot be seen in |solat|on since the

' process of energy production requires the use of coal in India, which is a
Ilmlted fn:nte natural resource. Moreover, the energy demand of buildings and
;’"_ ;.‘ . . CO, emlssmns go hand-in-hand, therefore, if the issues related to energy

consumption of building sector are not dealt with in the present scenario, then

_ the building sector might be held responsible for climate destabilization.




f_ Ar’chiteété and design concerns....

!

Form

W .

"En®rgy efficiencys
3 Climate
e Materials
- = Code compliances and Rating systems
e T ; Ergonomics
: o Economics
G s : Life cycle
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Building envelope....
‘ f . The building envelope,” being the very first layer of a building that
] “enclosesgand shields the - preferred indoor comfort conditions from

;_" . harsh outdoor climate, Must be looked upon for all possible solutions
' for energy eff|C|ency measures.
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- __Building envelope....
" 5 . . _‘,. [
® - - components RS

»

Transparent
components




How to‘_dééigh for energy efficiency?
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Design stages....

High H-.-:-u::n _
- Intormation
- = g
3 B
= E
3 f— "E‘
20 =
2 e = =2 Early Preliminam Fimal Design Freedom
A s ea I Dhesien [Desien hesigm
13 TR -
Building Envelope Design Stages
=, o . . - . . . . .
.ar - Design freedom and availability of design information at various stages of Design
-
- Source: Adapted from Zeiler, Savanovic and Quanjel, 2007

Arthtects have argued that the energy efficiency information related to
5 j-.mdlwdual contributions _and interactions amongst various design

~ parameters would be beneficial in early stages of design, since majority of
them do not prefer to opt for simulation studies due to number of changes
taking pldce during the process.




Design Principles....

!

Reduce
Incoming Solar
Radiation

Reduce Heat
Transfer

Reduce Solar
Exposure
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Key' 'Afchitéctural.aspects of envelope performance

!

: Reduce Solar

q Exposure

" Reduce

incoming
Solar
Radiation

Reduce Heat
Transfer

—

Building Envelope Form
Building Orientation

WWR & Glazing Proportions
Window Shading

Wall Shading

Roof Shading

Window Insulation

Wall Insulation

Roof Insulation




~ Composite Climate :

!

UdThe cemposite climate zone of India poses building design

challenges to architects because of extreme hot, cold and

.« humid conditiOﬁs in different periods of the year




Jmpact potential of parameters

!

b : .°_.-The ,aim. is to understand the role and importance of design

',. _. parameters in, the desi‘gn process of an energy efficient building

-~ .envelope

o .
-~ -

e envelope performance evaluation was done using simulation
s "so_f.twar.e DesignBuilder 5.0.3.007




| Ir’ng a'.c-'t-' Qoténtial of parameters

!

e The mput parameters of reference cases (considering day time use

. fuIIy air condltloned oﬁlce buildings) for office schedules, zones,

. .~ geographical location, bundlng systems, internal gains etc. were kept

o - constant for all cases, and simulations were performed for individual

éﬁd’vér'iojus cdmbinationspf envelope parameters to ensure that the
~ trqé performance of architectural design parameters could be
' éxtrac;ted.
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Impact potential of Plan form

x R . -
® |pitial study results fofevaluation of Rectilinear Plan Shapes w.r.t.

.~ -.SIV -ratios  and the.rmal performance expressed as Energy

~‘consumgption (calculated through simulation), shows that Square/

_;;Récté'n.gular forms are most energy efficient due to their low S/V




1300000

oténtial of Plan form

Best performing rectilinear shapes

1111

Square/ Rectangle L-Shape T/C/UShape H/I- Shape E shaped/
irregular

m= S/V Ratio  ==Annual Energy Consumption (kWh)

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1



 . -|m_ -éct—; otential of Plan form
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Building Envelope Form
Building Orientation

" WWR & Glazing Proportions

Window Shading
Wall Shading
Roof Shading
Window Insulation
Wall Insulation

Roof Insulation

O Linear / Rectilinear building plans
O Aspect Ratio of 1:2

O Compact built form with low S/V ratio

The Linear/ Rectilinear plan shaped buildings are
more impactful in terms of achieving energy
efficiency. They have an energy saving potential
ub to 10% than other shaped buildings due to

their low S/V ratio.
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Imgact Qotentlal of Orientation

Bwldlng Envelope Form

Building Orientation

" WWR & Glazing Proportions

Window Shading
Wall Shading
Roof Shading

Window Insulation

“Wall Insulation

Roof Insulation

EINorth South is most suitable

O Nerth-South with a tilt of 15-25 degree either
ways (NE-SW; NW-SE) have also been found to
be efficient in composite climate

Since the solar heat gain through surfaces exposed
to North.and South direction is lower than that of
East and West directions, therefore, North-South
oriéntation shows greater impact potential over other

orientations.




IrhgaCt 'E'O'[e.nti.éj of WWR (window to wall ratio)

| Buildiﬁg Envelope Form :
. Building Orientation QPreferred WWR should be between 20 to 40

" WWR & Glazing Proportions

: . percent
Window Shading :

dMaximum glazed area on a particular fagcade

Wall Shading
Roof Shading should be limited to 60 percent of that wall area
U ey ISl QRectangular horizontal shaped windows are
Wall Insulation _
E most suitable

Roof Insulation




b’[éﬂt[é] of WWR (window to wall ratio)

Best performing WWRs
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- Glazing propoitions options ‘

Glazing proportions
| _ . : N S E W
T Biirestisre NNE, | SSw, |ESE,SE, | WNW,
| Building Envelope Form : NE, sw. | ENE.NE | nNw.
Building Orientation NNW, | SSE, SE WSW,
X NW SW
"WWR & Glazing Proportions
_ _ Predominantly North, South 50 50 0 0
¥ Wall Shading Predominantly North, substantial 50 30 10 10
_ 1 South and marginal glazing in
Roof Shading East, West directions
Window Insulation Predominantly South, 30 50 10 10
_ substantially North and marginal
. Wall Insulation glazing in East, West directions
]
Roof Insulation Predominantly East, West 20 20 30 30
directions
Equal glazing proportions in all 25 25 25 25
S directions




Ir’ngac‘t Qoten'tial of Glazing proportions
,- ok QThe glazmg proportlons with predominant area of exposure in

: . : North dlrectlon were found to be most energy efficient as compared
- with predominant East/West exposures.

p= _1Since the solar heat gain through windows in North direction is the

2 Ieast:.amongst_all other directions, the glazing proportions with

_;-5. . - . .predominant North glazing has performed the best in terms of

energy efficiency.




Building Orientation

Window Shading
¥ Wall Shading
Roof Shading

Window Insulation
“Wall Insulation

»
Roof Insulation

Building Envelope Form

" WWR & Glazing Proportions

.- Window: shading options
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Im act potential of Window shadin

Lirear buildings wit'h.the displayed combination of window shading

r Were found to be most energy efficient with maximum impact of 7%

b with 40% WWR and the an impact of 4% shown by 20% WWR.

9 5
— BLOW UP AT "R"
> |




: Irfnga{ct p otential of Window shading
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Building Orientation

Building Envelope Form (R
|
|
|

ELEVATION A

" WWR & Glazing Proportions

Window Shading e —

©
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PERFORATED MASS WALL WITH
APERTURES 4 M x 2.5 M EVENLY

SPREAD OVER FACADE

BLOW UP AT “A"

PERFORATED MASS WALL WITH
APERTURES 4 M x 1.5 M EVENLY

SECTION - AA

SPREAD OVER FACADE

¥ Wall Shading

i
S+
[
!

Roof Shading
[
Window Insulation

ELEVATION B'
75% APERTURES IN SCREEN

Wall Insulation S — =
-‘ °3fi ! | I 1 I 1 ,
Roof Insulation H = ==
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BLOW UP AT B”

PERFORATED MASS WALL WITH
APERTURES 2 M x 1.25 M EVENLY
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SECTION BB’

: Wal'l'shéding’ogtions

>
SHADOW EFFECT CAUSED BY
PERFORATED WALL MASS WITH 80% APERTURE

SHADOW EFFECT CAUSED BVé)
PERFORATED WALL MASS WITH 75% APERTURE

>
PERFORATED WALL MASS WITH 70% APERTURE

ALL DIMENSIONS ARE IN METERS

SHADOW EFFECT CAUSED BY




. Ir’np_éCt '|:_).oten’tial of Wall shading

PERFORATED MASS WALL WITH
APERTURES 2 M x 1.25 M EVENLY

-—— SPREAD OVER FACADE
- PERFORATED MASS WALL WITH

APERTURES 4 M x 1.5 M EVENLY
—— SPREAD OVER FACADE
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Im act otentlal of Wall shadin

: SHADOW EFFECT CAUSED BY
b PERFORATED WALL MASS WITH 70% APERTURE

EEEEEEEEEEEEEEEEEEEEEEEEEE

EIWaII shading was found to be energy efficient
havmg an impact of 6% with 40% WWR and the
mTnimum impact of 3% with 20% WWR.

'QThe wall shading acted as window shading too

“as the wall shading elements shaded the window

area oo

dThus, the effectiveness of wall shading in

‘buildings was found to be present in buildings

with higher wall surface area.




. Roof shading options

AV,

BLOW UP AT ‘D"

Building Envelope Form

<« D
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TOP OF BUILDING, | | | |
| ’7 0.9 M DEEP PERGOLA WITH VERTICAL MEMBERS AT AN ANGLE OF 15°
BUILDING,

:‘ WWR & Glazing Proportions
Window Shading ——

¥ Wall Shading
Roof Shading

Window Insulation
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BUILDING
|

- Wall Insulation

- =
Roof Insulation
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TOP OF BUILDING, bt
- - 0.9 M DEEP PERGOLA WITH VERTICAL MEMBERS AT AN ANGLE OF 45°
TO THE NORMAL TOWARDS NORTH
-
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== ALL DINENSIONS ARE IN WETERS




Impact potential of Roof shading
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| Ir‘-n|:_)act potential of Roof shading

!

EIRoof shadlng has |mpact of up to 4 % for low rise buildings

and the minimum |mpact of up to 1.5% for high rise buildings.

" -UThe gffectiveness ofRoof shading in low rise buildings was

°.;I'-‘fdhn°d' to be more in comparison to high rise buildings due to the
. differe‘née in exposed roof area.




* Window insulation options

Description of Materials

UPVC frame and 6mm thick low-e glass+12mm argon

U-value SHGC VLT
(W/m?K)
Conventional: Single glazed unit with Aluminium frame 5.6 0.56 0.73
and 6mm thick clear glass
~ -|Option I  Efficient: Single glazed unit with UPVC 4.2 0.4 0.5
o > frame and 6mm thick tinted/coated glass
Option 2  More efficient: Double glazed unit with 2.8 0.35 0.54
UPVC frame and 6mm thick clear glass+12mm air
- |gap+6mm thick clear glass
 |Option 3  Most efficient: Double glazed unit with 1.7 0.18 0.13

gas filling+6mm thick low-e glass
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: Ir.-n|:_)act E’otential of Window insulation

Building Envelope Form
Building Orientation

" WWR & Glazing Proportions

Window Shading
Wall Shading

Roof Shading
Window Insulation
Wall Insulation

Roof Insulation

tITh.e maximum impact of window insulation
was found to be about 10% with 40% WWR and
the minimum impact of about 5% with 20%
WWR.

dThus, the effectiveness of Window insulation
was found to be more in buildings with higher
WWR’s.




" Wall.insulation options

Description of Materials U-value (W/m?K)
’
b Conventional. Conventional Wall: - 230mm thick brick 2.14
r wall with 12mm plaster on both sides
d Option I  Efficient: Cavity Wall System: - 1.22
11 230mm thick outer wall having 50mm air gap and 115mm

8 thick inner wall with 12mm plaster on both sides

Option 2  More efficient: AAC Block Wall: - 0.62
Autoclaved aerated concrete blocks 230mm thick with 12mm
- | plaster on both sides

| Option 3  Most efficient: Ely ash Wall with Insulation: - 0.21
Fly ash wall 200mm thick with 10mm polyurethane
Insulation on outside and 12mm plaster both sides
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: Ir.-n|:_)act E’otential of Wall insulation

Building Envelope Form
Building Orientation

" WWR & Glazing Proportions

Window Shading
Wall Shading
Roof Shading
Window Insulation
Wall Insulation

Roof Insulation

Q The maximum Impact of upto 7% for 40%

WWR and the impact of upto 3.5% with 20%

WWR is shown with wall insulation.

4 The jmpact of wall shading is pronounced
due to the fact that the wall shading also

Includes the benefits of window shading




" Roof insulation options

!

150mm thick RCC slab with water proofing, 100mm each of polyurethane
insulation finished with 25mm cement mortar

Description of Materials U-value
(W/m2K)
" | Conventional: Conventional Roof: - 2.34
= [ 150mm thick RCC slab with water proofing, 50mm each of weathering
course and screed concrete
Option I  Efficient: Earthen Pot Insulated Roof: - 1.6
150mm thick RCC slab with water proofing, 75mm inverted earthen pots
._ laid in lime concrete and finished with 25mm cement mortar
Option 2  More efficient: Over deck XPS Insulated Roof: - 0.46
150mm thick RCC slab with water proofing, 50mm each of XPS
_| insulation, weathering course and screed concrete
Option 3  Most efficient: Over deck Polyurethane Insulated Roof: 0.2
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| Ir.-n|:_)act potential of Roof insulation

Building Envelope Form
Building Orientation

" WWR & Glazing Proportions

Window Shading
Wall Shading
Roof Shading
Window Insulation
Wall Insulation

Roof Insulation

" U'Roof insulation were found to be energy

efficient with maximum Impact of about 5% in

low rise buildings and minimum impact of

about 2% in high rise buildings.

O The- effectiveness of Roof insulation in
higher S/V ratio was found to be more in

comparison to buildings with lower S/V ratio.




I e

uone|nNsu| Jooy + [[eAA

uone|nsuy|
100y + MOPUIN

uone[NSU| [[BAA + MOPUIN

Buipeys |Iv

Buipeys jooy + Ilep

Buipeys 100y + MOPUIAA

Bulpeus (leps + MOPUIN

uolne|nsu| Jooy

uone[nsuj [[epy

UoNEe|NSU| MOPUIAA

Buipeys jooy

. Individual and combined

Buipeys |lep

=7
O
)
©
-
p)]
m
©
Lo
qu
=
©
®
tlCx
)
-
@)
.8
AT
G
QD
)
0

Buipeys mopuiny

uondwnsuos ABiaug

=—4—Best option




uoiPnpaJ adejuadiad
] 1 ]

(aseD
1UB12143 1S0N]) UoE|NSU|
IV + Suipeys ||v

uone|nsu| ||em
MOPUIM + Buipeys ||y

uoIEe|NSU|
MOpUIAn + Buipeys |1y

S %eZ'Zl duipeys v

> %18'TT SUIPeYS |[EM + MOPUIA

Suipeys mopuim

Impact of additive EPM options

=

= Q

T

ase") aseq T 5

= =

@

c § =

= 2

_ .m..m.mn_

eleR=X=R=R=1=) g5 ¢

O0O000 00 S 3 8

OO0OO0O0O0 OO T < ok

O0OO0O0O0 00O Lo o
LD D D D 1D D D

NOw st e _ _
o B B B B o B o B |

Additive. Impéctpotential of Shading and Insulation

ymy uruondwnsuod Asiaug

.g: @04




Su%nmary‘c')f research findings

Architectural design
parameters

Findings of research

Building Envelope Form

Rectilinear buildings (Low S/V ratio) with an aspect ratio of
1:2 are found to be more energy efficient in comparison to
other shape buildings.

: Orientation

North-South orientation is more energy efficient in
comparison to East-West orientation.

WWR

Buildings with 20% WWR are more energy efficient over
buildings with 40% WWR.

| Glazing proportions

Buildings with predominant North glazing are more energy
efficient over buildings with predominant East-West glazing.




“| Architectural design

parameters

Findings of research

Window Shading

Window shading devices with horizontal overhangs in South, vertical
fins in North and combination of both in East/West directions are
found to be more energy efficient over Recessed windows, and much
more energy efficient over the provision of horizontal overhangs only.

.| Wall Shading

Wall shading with Perforated mass wall with 70 percent apertures are
found to be more energy efficient over that with 75 percent apertures,
and much more energy efficient over that with 80 percent apertures.

~+| Roof Shading

Roof shading with 0.9m deep Pergola with vertical members at an
angle of 45° are found to be more energy efficient over that having an
angle of 30°, and much more over that having an angle of 15°.




Architectural

design parameters

Findings of research

b

Window Insulation

Window insulation with DGU & argon gas filling are found to be more
energy efficient over DGU with air gap, and much more energy efficient
over SGU with tinted glass.

-

Wall Insulation

Wall insulation with Fly ash Wall + PU Insulation are found to be more
energy efficient over AAC Block Wall, and much more energy efficient
over Cavity Wall System.

Roof Insulation

Roof insulation with Over deck PU Insulated Roof are found to be more
energy efficient over XPS overdeck Insulated Roof, and much more
energy efficient over Earthen Pot Insulated Roof.

{ Combinations of

various

‘Parameters

Specific energy efficiency findings corresponding to various combinations
of architectural parameters have been established in the present
research, which can widen the scope of design decision-making and lead
to enhanced energy efficiency (up to 22.36%) using these combinations.




. The way forward....
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- Let’s open our eyes to the world around us.

\ A

Angan-2019




~ Let’s open-our minds to the
p033|b|I|t|es around us.

Pearl Academy, Jaipur

Angan-2019

= Development Alternatives,
Delhi




. Let’s understand the needs of our
clients and the environment.

L.. : f.'_ Understand.....

® Their cancerns
®  Their-problems
Their fears
. . -~ Their needs
L A Their expectations

Their participation

-

MostSimportantly......OUR ACTIONS
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~.Come, -
. let’s engage
© * with the
- world around us

NOW....

b ~ That’s the bottom line.
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Hlstory is.a contlnuous path of improving and problem

o solvmg

- Christopher Benninger







