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High Performance Sustainable Design in India — A 1000+ Year History
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Vernacular Traditions evolved around Climate
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Focused on achieving Comfort with minimal active intervention

lTerram
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Design Principles — Natural Ventilation

How ventilation wo

Inlet at a lower level and outlet at a higher level
make an ideal combination for optimising cross
ventilation

A room with no outlet will not have enough air
circulating inside

Downward louvres help drive the incoming air
towards the floor, thereby providing circulation in a
larger volume of the room

Trees and other landscaping features should be
suitably placed so as not to obstruct air flow

CHHAJIA R K

1
The chhajja deflects the air inside the building and The solar chimney
uses the same principle as the downward louvres to enhances the stack
enhance ventilation effect and sucks out
the exhaust warm air
from the rooms.
Consequently, cool air

' from outside rushes in
_—I ’ ‘ l_ to take the place of

the warm air, thereby

J | / I & increasing natural
ventilation
N ICOURTYARD |

' & weipe- Cold air

1 ==l Hot air

A courtyard enhances air circulation through principle of
stack effect (air movement driven by buoyancy). After the
air passes through the interiors it heats up and starts
rising. The courtyard allows this air to escape

K

NATURAL VENTILATION IT erralViiaGcIE
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Design Principles — Daylighting in the Buildings

min.160 lux

SECTION
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Manual Tools & Calculations

e Climate analysis charts -

kwWh/m2
50.18<

* Sunpath Diagrams w15

40,14

e Shading Protractors

3512
30.11

* Daylight and Radiation overlays

* SHGC calculator (for glazing) i

e Daylight Factor Calculations

5.02

«0.00

e Ventilation and stack effect calculators

Total Radiabion{kWh/m2}
VDAYAWADA_GANNAVA_IND_2013
1 JAN 1:00 - 31 DEC 24:00

m/s

8.70<

Percentage saturation

Hyderabad 100 50%
7.83 T D s

6.96 e
1 6.09

5.22

°
8

Moisture content, kg/kg (dry air)

4.35

3.48
Wat-bulb (sling)
temperature, °C

2.61

°
2

1.74

0.87

<0.00

Wwind-Rose = e Hestes — N ‘ ‘
VIJAYAWADA-GANNAVA_IND 10 0 10 20 30 40 50 60"
1 JAN 1:00 - 31 DEC 24:00 Dry-bulb temperature, °C

Hourly Data: Wind Speed (m/s)

Sun-Path Diagram - Latitude: 16.53 Calm for 41.71% of the time = 3654 hours. . . -
Hourly Data: Dry Bulb Temperature (C) Each closed polyline shows frequency of 1.0%. = 86 hours. I
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Computer Simulation Programs

* Irradiation Analysis — DIVA, Ecotect, Grasshopper

* Windflow Analysis — Openfoam, Winflow, CFD, Fluent.....
* Microclimate Analysis — Envimet, UTCI....

* Shading analysis — external shading analysis, solar radiation penetration

studies — Ecotect, Sketchup, Vasari... a .
Master planning Studies CFD Studies

* Dynamic Thermal Analysis - natural ventilation, comfort conditions,
cooling load calculations, eQuest, Design Builder, Espr, TAS, IES....

* Daylight Analysis - daylighting analysis, glare analysis, complex shading
and complex daylight enhancing design analysis — Radiance, Daysim,
Diva....

Gains at Hour of Peak, kW/sqft

100+
90

RValue
m— Fabric Gains, W/sqft ins, Wisaft on, W/sqft

= rternal Heat transfer, W/sqft ——Change in Cooling Loads, %

Dynamic Thermal Modelling for
Passive Design and Enerqy

Modelling

Bay 4: DA @ 150 Lux

W -
Y E—— -

a o
Dlstanca from HE Facade, m

Shading Studies Daylight Studies

IT erralViizlcIE=
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Technology

* Insulation

* Efficient glazing

* Phases change materials
e Efficient HVAC systems
* LED lighting

* Solar PV.....

IT erralVATicIE



So much information... So many tools...

1. Learnings from Vernacular Design

2. Passive Design Principles
3. Climate Analysis
4. Design Principles
5. Manual Calculation Tools

6. Simulations and Calculations

7. Codes — ECBC, NBC, ASHRAE, CIBSE
8. Rating System Guidelines — GRIHA, LEED, IGBC, WELL....
9. Thermal Comfort Metrics — IMAC, ASHRAE, CIBSE, NBC

IT erralVildlIE




ARE THEY REALLY USEFUL?
WHAT CAN THEY HELP ACHIEVE?



Days of ‘The Master Builder” are gone!!

ITerra
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IT’'S ATEAM EFFORT.
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Sustainability overlaps with every other Team Member

-

“ustain '
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Simulation Tools Bridge the Gap — Numbers can Talk!

Masterplan

Concept

Building level

Schematic and Detailed

Design <

\4

* Form
* Orientation

* Landscaping

» Masterplanning Layouts

» External Comfort studies

Design

\'Z

Internal space planning

Natural /Mixed Mode Ventilation Design
Fagade design

Shading

Reducing Fabric Loads

Maximizing Usable Daylight

Glare Minimization

Building Materials

Internal Surface Properties

Artificial lighting integration into daylight
Low energy cooling system integration
HVAC and Electrical Sizing

Controls, Metering and Monitoring Protocols
Landscape design to enhance microclimate

Construction and
Commissioning

\'4

Tender documents and Shop
Drawings Checking

On-site Coordination
Problem Solving

Pre commissioning of

Fmm 2
1
| ! .
1 | 1
1 | 1
1 | 1
\ v A
CLIMATE cOLAR WIND FLOW &
DATA STUDIES ouThoor
T I COMFORT
1 1 T
| . 1
| . 1
| . 1
r 1 [
1 | 1
1 | 1
1 . 1
\2 \Y2 Vi
) )
TOOLS TOOLS (" TooLs )
USED USED USED
Y,
ey Y X
Rhinoceros Rhinoceros Rhinoceros
+ + +
Autodesk flow
Grasshopper Grasshopper design, Ladybug,
+ladybug +ladybug, DIVA OpenFoam
\_ J \_ / J

passive systems

Post Occupancy

Post occupancy
evaluation

\V/ \Y
DAYLIGHTING THERMAL, ENERGY &
and SHADING VENTILATION

: STUDIES
1
L _| II
Vi v

Rhinoceros /Ecotect

+
Grasshopper
+honeybee /

\ Ecotect, DAYSIM j \ EnviMet

EDSL

/~ TtooLsusen  \ /7 TooLSUSED \

EDSL|Tas)
Q CY

@QUEST pesignBuilder

TAS/eQuest/Design
builder, OpenFoam CFD

Y

Setting real time
benchmarks

J
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Simulation Tools help in..

The design development from start to finish
1. Combining design with technology most
effectively
Vernacular Design 2. ldentifying problem areas and helping to solve

0006000, them

3. Optimising the design

Building Physics

Principles
0oo0o0000@

Engineering LAt Pinkirwinish, = i e e L

000000 A R /
_ L TUBAL A '

Technology

Project: Amaravati High Court
Architects: Foster + Partners, AHC

ITerra
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Simulation Tools help in..

The design of High Performance Buildings with
ambitious energy consumption targets

Vernacular Design 30kWh/sgm/annum — Institutional Building

O 0000 O ® 75kWh/sqm/Annum — Office Buildings

Building Physics

Principles
0oo0o0000@

Engineering

ez R P B IR S TP TR T A A N e e P R

Technology And Achieve Net Zero Energy Targets

Project: Amaravati High Court
Architects: Foster + Partners, AHC

ITerra
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High Performance Without Considering Comfort....

1. Indoor Air Quality & Ventilation 3. Daylighting & Lighting 5. Biophilia & Views
1) ]9 'ncresase in cognitive scores for : . ___ more sleep for workers . ..., Improvement in efficency
workers in well-ventilated. green 46 mins R T sl . . 7-12Y, when provided with views out
offices 4. Noise & Accousitics and access to greenery and
- Glare-free/Blind-free daylight
2. Thermal Comfort 66"-&':‘3&2’?%& ¥og
6”"‘(.’ fall in staff performance - noises
" when offices are too hot. _~ V-

ITerralVilEGIE
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External Wall

SENIOR CLASSROOM - THERMAL STUDY

36.7°
27%
8084 Ix

33%
220 Ix

34.7°
Aga Khan Academy Retrofit

IT erralVilzGIE
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R
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JUNIOR CLASSROOM - THERMAL STUDY

External Wall

10 AM

2.30 PM

l‘::'tl_]A d
Ext. t.
Ext. tr.

7 & = @ = P -
= T Prese
W= o 7 e L ) i
i) SR = = = e —
:___‘ ) i e i .J. i
X "*L &%

Temperature 34.3° 34.4°

T Humidity 40% 31%

Daylight 315 Ix 2600 Ix

ADE 2-
70043570
_fesno

|
Cutout in beam for ‘ ‘
T Plumbing
200(W)x200(H) 1L+3300 |

et
my;bp.‘t -mm
]
]

i Temperature 34.7°

Humidity 32% 23%

: Daylight 500 Ix 4850 Ix

L Project: Aga Khan Academy Retrofit

IT erralViizlcIE=
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High Performance Without Considering Comfort....is a wasted
Opportunity

1. Indoor Air Quality & Ventilation 3. Daylighting & Lighting 5. Biophilia & Views
1 U 1 ”in Incresase in cognitive scores for - .. . more sleep for workers I _ _ Improvement in efficiency
workers in well-ventilated, green 46 MINS iy ofices near windows : ... 7 =129 when provided with views out
offices 4. Noise & Accousitics and access to greenery and
T i Glare-free/Blind-free daylight
2. Thermal Comfort 66% &ﬂ?g:::;,: Y
()“,‘ fall in staff performance nqgeg

"0 when offices are t0o hot.

11 erralVilslelis
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SIMULATION TOOLS THAT HELP WITH COMFORT
ASSESSMENT



Early Design Stage — Climate Analysis

Masterplan

Concept

Building level

Schematic and Detailed

Design <

\4

* Form
* Orientation

» Masterplanning Layouts
* Landscaping
* External Comfort studies

Design

\'Z

Internal space planning

Natural /Mixed Mode Ventilation Design
Fagade design

Shading

Reducing Fabric Loads

Maximizing Usable Daylight

Glare Minimization

Building Materials

Internal Surface Properties

Artificial lighting integration into daylight
Low energy cooling system integration
HVAC and Electrical Sizing

Controls, Metering and Monitoring Protocols
Landscape design to enhance microclimate

Construction and
Commissioning

\'4

Tender documents and Shop
Drawings Checking

On-site Coordination
Problem Solving

Pre commissioning of

oS
-, ! \\

\VJ \\ Vi \V4
cLMATE |\ soLar WIND FLOW &
DATA Y stupies ouThoor

| ] COMFORT
| / X T
\ : /' ! |
R -. N
: ! .
1 . 1
\2 \Y2 Vi
TOOLS A TOOLS N\ ( Toos )
USED USED USED
Y,
% s &
Rhinoceros Rhinoceros Rhinoceros
+ + +
Autodesk flow
Grasshopper Grasshopper design, Ladybug,
+ladybug +ladybug, DIVA OpenFoam
\_ J \_ / J

passive systems

Post Occupancy

Post occupancy
evaluation

\V/ \Y
DAYLIGHTING THERMAL, ENERGY &
and SHADING VENTILATION

: STUDIES
1
L _| II
Vi v

/~ TtooLsusen  \ /7 TooLSUSED \

~ 3
Rhinoceros /Ecotect
+
Grasshopper TAS/eQuest/Design
+honeybee / builder, OpenFoam CFD

EDSL|Tas)
Q CY

eQUEST DesignBuilder

EDSL

Y

Setting real time
benchmarks

\ Ecotect, DAYSIM j \ EnviMet j
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Climate Analysis — Ambient conditions

mm [MAC comfort lower limit o IMAC Comfort Upper limit —_— D"V Blub Temp. (degC) ——  Humidity(%)
35 ——— ———— —— - . 100
Most comfortable — low ambient N ,Most discomfort due to ngh 7 ost comfortable — ov.v ambiem \
tel perature with [ Ambient Te perature m W W\ W te:‘n'lperature with 90
30 Hun y-(le 0 ,;u, ,..W.....' ,' r'r Y Wf | " A Humidity (less than 60%)
0] s
25 AL‘L“ mhﬂ""f.‘" [ ‘ L l‘ ‘ i/ ‘ 1 AJ .L' A 'm‘h.ml Jh‘M‘.‘ 70 Z
AT VI ““ ] ey PR AV
20 60
(@)
50 O
15 40 §h
o
10 30 —~+
20 9—
5 Q
10 3
0 —-— _—" e - . . - - . - . . - - - - - - - —-— - - —-— - 0
xv’\o%b%’»%%»v’\b%b%w‘o%»v’\o%b%'»%%'\,v’\s'b(o%'w‘o%xv’\o'b‘o%'»
S G NS IN RGN  l ME , Mo Z AC A i . LN LT M A A AR
|:| IMAC Comfort limit Monthly avg. dry bulb temperature
C
C
32.70=
37.10< e
« 86% of the year is comfortable TRk 52.18
« Max IMAC threshold temp. -29.1c A 3192
+ Discomfort hours as per IMAC is for e 31.66
one month only when ambient e 31.40
temperatures go above 32 deg C 2527 31.14
22.88
30.88
20.51
30.62
18.14 30.36
1577 <30.10
<13.40
> °, H
Dry bulb temperature annually on a Instances V\.lh-en temp > 30°C and Relative lTe rra V iri d IS

humidity >50% on a sunpath

sun path diagram
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Climate Analysis — Solar Intensity and Wind

wwm:  Solar Radiation Distribution at Bengaluru
ne« 1. Intensity of solar radiation is higher pre-noon compared to post noon.

m/s
62.57 However ambient temperature is higher post noon compared to pre 1050«
56.51 noon. 9.45
“™ 2. Intensity of solar radiation is high 9am to 4pm (From April to June) 840
:Sz: 3. As it is very cloudy, the intensity of radiation is the least during monsoons 7.35
2825 (July to Sep) 530
2119 4. The intensity increases again post monsoon from October to March. 5.25
10.13 However, the intensity is high from around 10 am to 3pm. 420
7.06 3.15

<0.00 2.10

1.05

Total Radiation(kWh/m2)
BANGALORE_KARNATAKA_IND,
1 JAN 1:00 - 31 DEC 24:00

Sun-Path Diagram - Latitude: 12.97
Hourly Data: Dry Bulb Temperature (C)
BANGALORE_KARNATAKA_IND

Wind-Rose ..
BANGALORE_KARNATAKA_IND
1 JAN 1:00 - 31 DEC 24:00
Hourly Data: Wind Speed (m/s)
Calm for 5.01% of the time = 439 hours.

Each closed polyline shows frequency of 2.9%. = 257 hours.

Solar control and shading requirement <0.00

iwhym2 Based on the combination of solar intensity and ambient temperatures, effective
30.00« solar shading is required from

27.00 *  9am to 4pm in from Mid March to Mid September

.00 * 10am to 3pm from Mid September to Mid March

21.00

m/s

18.00

15.00

Wind flow at Bengaluru
a0 Windflow is primarily from east and west in Bangalore and quite consistent
600 through out the year.

12.00

1.30

3.00
1.04

<0.00
0.78

0.52

Total Radiation{kWh/m2)
BANGALORE_KARNATAKA_IND.
1 MAR 1:00 - 30 JUN 24:00

Total Radiation{kWh/m2)
BANGALORE_KARNATAKA_IND.
1JUL 1:00 - 30 SEP 24:00

Wind-Rose Wind-Rose
BANGALORE_KARNATAKA_IND BANGALORE_KARNATAKA_IND

Monsoon 1 MAR 1:00 - 30 JUN 24:00 1 OCT 1:00 - 28 FEB 24:00

Kwh/im:
65.00<
58.50
52.00
45.50
39.00
32.50
26.00
19.50

13.00

I e
<0.00

Total Radiation{kWh/m2)
BANGALORE_KARNATAKA_IND
1 OCT 1:00 - 28 FEB 24:00

Winter

 During the SW monsoons, it is predominantly from the west.

+ During NE monsoon, the wind direction changes to East and wind speeds are fairly high
During the winter months, the direction shifts to E, however the wind speeds are fairly low.
* In summers, the wind direction ranges from W, SW and E.

Summer

Orienting for wind and enhancing natural ventilation at Bengaluru
Given the varying wind direction and consistent winds through out the year, the following strategies have to be employed
to enhance natural ventilation

1. Orient to catch both West, East as well as SW breezes.
2. Provide for stack ventilation along with cross ventilation to help enhance natural ventilation through out the year

Monsoon

ssw
Wind-Rose
BANGALORE_KARNATAKA_IND
1JUL 1:00 - 30 SEP 24:00
Hourly Data: Wind Speed (m/s)

m/fs
10.50<
9.45
8.40
7.35
6.30
5.25

4.20

2.10
1.05

<0.00



Climate Analysis — PET Temperature

(7]
A6.51 =S ————————————————— =S —
-7 ik e Tl e Y K il s o el s e ey pe gy .

5 2. ;ﬂ 1 | P N
S, =t i ﬁ- ) I pET Body characteristic Input Conditions - |
< o ' T T mmtt | T =T =@ T FTT=1 ! - Age-25yr. I
Bl -. A { ) Weiani-dokg |
e I Y\ | - Body position — Standing |
3 | #e | ] , I | - Clothing insulation - summer cloths I
p l'|l A , I | - Activity duration — 180 minufes I
> \ ] L [\ J | ° Metabolicrate - 1.6 |
..5 16.55 o \
_g D - /
=) 12,79 ¥ 'ﬂ e e o e e e o e e e e e e e e e e e e o o e = -
3 et L1 1 1 1 e ( PET Levels - PET Levels - \
:c) I « Category -4 (<14c) - Very Cold « Category 1 (30c-34c) - Slightly warm |
: Hourly PET temperature Under direct sun (Max 46.6c) Category -3 (14c-18c) -Cold + Category 2 (34c-38c) - Warm |
o | - Category -2 (18c-22c) - Cool - Category 3 (38c-42c) - Hot I
S o o - —————————————— ——_ = | Category -1 (22c-26c) - Slightly cool - Category 4 (>42) - Very Hot

o e Category 0 (26c-30c) - Comfortable |
O e Rl o I e ]  — — & & o o o e e o e o o e o o o o = P
Q 36.54 r

Ql — _— — (—— L) I — — — L — N - - - - - - - N . - - J

£ 2 ;i ; Y o emmmmm e m e ~.

I .

E L . | {. f'“"! [ Observations \
% b ! .l : I I« Under direct sun very hot conditions starts from Feb to June, while |
2L : j I intensity is higher in March to May. I
3—21 .l ! ' 1 R ' \ } 1 . Under Shaded Outdoor conditions From March to May prevails |
o I warm conditions. I
= | ° Maximizing shaded path ways along with soft scaping can reduce I
-b%ml 1 i = I mean radiant temperature at outdoor conditions. ,
S . ! | During Mar-May humidity levels are lower (<30%) - Humidification
-g - N N \ through water elements (fountains, waterbodies) can reduce '
it e = - p - . m " P~ o -~ - \ ambient air temperature aiding comfort in outdoor conditions. !
. Hourly PET temperature Under Shaded outdoor Condition (Max 39.6 — Min 12c¢) e e e e e e o

IT erralVATRIGIES
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Early Design Stage - Masterplanning

Masterplan

Concept Design <

Building level

Schematic and Detailed

\4

* Form
* Orientation

* Landscaping

» Masterplanning Layouts

» External Comfort studies

Design

\'Z

Internal space planning

Natural /Mixed Mode Ventilation Design
Fagade design

Shading

Reducing Fabric Loads

Maximizing Usable Daylight

Glare Minimization

Building Materials

Internal Surface Properties

Artificial lighting integration into daylight
Low energy cooling system integration
HVAC and Electrical Sizing

Controls, Metering and Monitoring Protocols
Landscape design to enhance microclimate

Construction and
Commissioning

\'4

Tender documents and Shop
Drawings Checking

On-site Coordination
Problem Solving

Pre commissioning of

Lol I 1
1 1
! | |
I . \:—‘—_----~':'~\
: 7 ' VAN
/ A WIND FLOW & [
C'E)'X'TA/IE I SOLAR OUTDOOR \
Y [_STUDIES COMFORT |,
1 \\ | : ,l
: Soo P g
! dl~---—-———l”
r | l_I
1 1 |
1 1 |
I 1
\2 \Y2 Vi
\
TOOLS TOOLS (" toos
USED USED USED
LM
ey Y D
Rhinoceros Rhinoceros Rhinoceros
+ + +
Autodesk flow
Grasshopper Grasshopper design, Ladybug
+ladybug +ladybug, DIVA Ope‘nFoam '
\_ J \_ J \_ J

passive systems

Post Occupancy

Post occupancy
evaluation

\V/ \Y
DAYLIGHTING THERMAL, ENERGY &
and SHADING VENTILATION

: STUDIES
1
L _| II
Vi v

/~ TtooLsusen  \ /7 TooLSUSED \

~ 3
Rhinoceros /Ecotect
+
Grasshopper TAS/eQuest/Design
+honeybee / builder, OpenFoam CFD

EDSL|Tas)
Q CY

eQUEST DesignBuilder

EDSL

Y

Setting real time
benchmarks

\ Ecotect, DAYSIM j \ EnviMet j
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Irradiation studies for Option 4B

kWh/m2

2000.00<
1800.00
1600.00

1400.00
1200.00
1000.00
800.00
© 600.00
§ 400.00
200.00
<0.00

Project: IIPE

Architects: Architect Hafeez Contractor
IT erralViliGIE
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Project: IIPE
Architects: Architect Hafeez Contractor

““‘ Velocly 8 ¢ N = 4 J \, Velocity m/s 06
| 0.000 0500 1.00 1.50 2.00 250 3.00 AR N 0, 0500  1.00 150 e S l V d
| T s N [ erralViRGIS

— == Environmental Design Consultancy




Al North West Semi Shade

MW LRI l L W\'II‘I#

12 AM

dan Febh Mar Apr May Jun Jul # Mo Dec S
Physiologically Eqgu nt Temperature (fo ubjtropical humid climates) - valoes [(C) - Hourly PET 92 % Of year Comfortable (<34)
T IFFHI—‘-I 1 NAM_ PHLI -{AIR LL 2 H rIL
TJanN 1:00 - 32 DEC 24000

A1l South East Semi Shaded

] IWI R Fflll.hllill"ﬂ!”%ﬂh fli

SRS l.l : 'l !"

ke el u.,.hn.,,........l....h ,m d
i MWII.\ "HJ "T 1\ .”Hlﬂhlﬂlll J 1 T

priaeed ,Q"':", ',r . LT S PET 80% of year comfortable ( <34)
1IN '.._ll. 31 DEC 2«4:00

PET Analysis

L0
19.5
SR

N

e —— (D

Project: IIPE
Architects: Architect Hafeez Contractor
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UTCI of outdoor spaces

TR ,h!l. LTy unlh
" Wil Al 1
myﬁlﬂ‘ﬂ'iﬂ Vi .il.nllliill}l I; l"
i 1

|
Rl LI ab BT

|
1

UTCI is an outdoor comfort metric that

combines various factors like —dry bulb
temp, wind speed, relative humidity and
MRT, to arrive at a comfort index.

[

A UTCI between 26 and 28 degrees Celcius
indicates slight heat stress (comfortable for
l short periods of time). Between 28 and 32

! I | l degrees, UTCI indicates moderate heat

| ‘ stress (hot but not dangerous). Between 32
and 38 degrees, UTCI indicates strong heat
stress (dangerous beyond short periods of
time). Above 38, UTCI indicates very strong
to extreme heat stress (very dangerous).

(N RTR IR

38.00

36.00
34.00
32.00
30.00
28.00
26.00

Project: MAHE Architecture School
" ,.e Architects: Purple Ink Studio

— IT erralVilzcIE
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Detailed Design Stage

Masterplan

Concept

Building level

Schematic and Detailed

Design <

\4

* Form
* Orientation

* Landscaping

» Masterplanning Layouts

» External Comfort studies

Design

\'Z

Internal space planning

Natural /Mixed Mode Ventilation Design
Fagade design

Shading

Reducing Fabric Loads

Maximizing Usable Daylight

Glare Minimization

Building Materials

Internal Surface Properties

Artificial lighting integration into daylight
Low energy cooling system integration
HVAC and Electrical Sizing

Controls, Metering and Monitoring Protocols
Landscape design to enhance microclimate
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Project: Amaravati High Court
Architects: Foster + Partners, AHC
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Fish eye images for Daylight glare possibility

100% glazing case- Chief justice’s court-(sixth floor) 75% glazing case- chief justice's court (sixth floor) 50% glazing case-Chief justice’s court (sixth floor)

Daylight glare probability — 0.27 (DGP<0.34 is Daylight glare probability — 0.24 (DGP<0.34 is Daylight glare probability — 0.202 (DGP<0.34 is =

imperceptible glare) imperceptible glare) imperceptible glare) o
f

Key plan_ 6t
floor_location of court
hall

Project: Amaravati High Court
Architects: Foster + Partners, AHC
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SKYLIGHT GEOMETRY

North Shading is ideal when taken
perpendicular to the surface, incase it is
extended in line of skylight, dimension of
shading increases to 610mm.

Project: Aga Khan Academy
Architects: DCOOP
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STEREOGRAPHIC SUN PATH PROJECTION

North skylight is well shaded and sunlight infiltration is South East skylight is well shaded and sunlight infiltration is
observed only after 5pm during summer months observed only till 8.15 am during winter months

Project: Aga Khan Academy
Architects: DCOOP
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DAYLIGHT AUTONOMY
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Project: Aga Khan Academy
Architects: DCOOP
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600MM SKYLIGHT OPENING- Acute Angle Panel options

* This configuration of acoustic panels doe snto provide sufficient
shading from direct sun. It also results in high visual contrast in the line
of sight (as seen as red patches) that results in glare.

* Daylight levels are adequate

Clear DGU with 0.75 VLT is used

Acoustic panels Position of Acoustic panel as per architect’s

&« along this edge drawing
€
350mm S
verhang = ®
N\
£ PLT white
800mm — 5 DGU
overhang 600mm S
overhang
L 2
CASE 1A N

* With translucent panels, daylight levels drop by more than 40% to
around 150 lux as compared to the above case.
* Glare is also high due to the brightness of the translucent panels.

Acoustic * Translucent panel with 0.7 VLT is used
NG panels along * Position of Acoustic panel as per architect’s
this edge drawing
350mm £
verhang =
8 x
\
800 —
ovem?ng/l - £ Translucent
bvethang 2 Panel Project: Aga Khan Academy
N Architects: DCOOP
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600MM SKYLIGHT OPENING- Obtuse Angle Panel option

* This configuration of acoustic panels with clear DGU provides adequate

daylight as well as good glare control. Acoustic panels

along this edge
Recommendation /
* Increase the spacing between the roof monitors by reducing the
number. 2350mm
overhang

800mm —
overhang 600mm
overhang

600rhm

L

N\

PLT white
DGU

2250mm

CASE 2

Position of Acoustic panel as per report 9
Clear DGU with 0.75 VLT is used

Project: Aga Khan Academy
Architects: DCOOP
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Project: Amaravati High Court
Architects: Foster + Partners, AHC
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Such as understanding the impact of U-Value on cooling loads as well as comfort in a fully shaded space

U-Value Sensitivity Graph - Fully Shaded Judge's Chambers
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Project: Amaravati High Court
Architects: Foster + Partners, AHC
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Such as understanding the impact of U-Value on comfort in a fully shaded space.....

Court Complex 13 -Radiant Temperatures -Day 158

e Fxternal Temperatures
@ P|anitherm Pristine White

2 3 4 5 6 7 8 9

10 11 12 13 14 15 16
Hours

17 18 19 20 21 22 23 24

e Single Glazing
e SKN 165

Double Glazing
----- Dry Bulb Temperatures
SKN 165+U-0.4(walls and roof)

N N w w w w
()] [+-] o N H ()]
Temperature C

N
H

Court Complex 13 -Resultant Temperatures -Day 158

a4
42

w w
-]

w w
N H (<)}
Temperature C

\

w
o

N
(-]

\

==
]
]
]
]
]
(]
|
|
|
|
|
!
!
]
d

~
N N
S (<]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hours

e [xternal Temperatures e Single Glazing

e SKN 165

Double Glazing
@ P|anitherm Pristine White
= e = SKN 165+U-0.4(walls and roof)

----- Dry Bulb Temperatures

Project: Amaravati High Court
Architects: Foster + Partners, AHC
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Irradiation studies-North Facing Balcony for all east and west facing Villa
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Project: Organo Antaram
Architects: FHD Studios
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Project: Organo Antaram
Architects: FHD Studios
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Option 1- Temperature in C

Due to low wind speed

O] and weak eddies only 1c
? drop in temperature is
[

5 observed.

=

S

x{‘];‘:

%: The corridor though

g

having less windspeed
manages to have 2c
temperature drop.

The corridor though
having less windspeed
manages to have 2c
temperature drop.

1c temperature drop is
observed.

1c temperature drop is
observed.

The inlet regions can
feel too hot .

At 1.5mt from floor level

Project: TCS Pune
Architects: Edifice Architects
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It is also important to understand what simulations can’t help with in relation to Comfort

~ Privacy

Security

- Dust

Noise pollution

- Mosquitoes and flys

- Spiders and spider webs
- Pigeons

Rain (water tightness)

= Accessibility of openings
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An lterative Design Process

Every building is unique
‘Cookie Cutter’ solutions seldom work well

Performance
criteria is deflned

Design
generatlon \

Design process uses Simulation and optimization as techniques to

formul ign problem an ner n imum solution. Thi
Slmulatlon ormulate a design problem and generate an optimum solutio s
iterative performance optimization requires a responsive approach to

design that anticipates design modification.

Evaluatlon /

Optimisation
ITe rra
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Comfort is

* Very subjective
* Unpredictable sometimes

However, if not considered, it has the potential to
ruin any design
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