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A legacy of positive change

We are an international team of environmental design
consultants and lighting designers focused on delivering
sustainability to the planned and built environment.



STORMWATER CAPTURE
GREEN ROOF AREAS

SKYLIGHTS FOR DAYLIGHT
PHOTOVALTAIC CANOPY
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Practice Principles

« Buildings and landscapes do more, systems do less
« Design from first principles

» Integrated design process and solutions

* Pragmatic strategies



OPTIMIZED EXTERIOR SHADES
DAYLIGHT DIMMING

NATURALLY VENTILATED ATRIA
WITH LUSH PLANTED GARDENS

ACCESS TO DAYLIGHT
AND VIEW:

Strategy

Establish sustainability goals early

Set performance targets

Develop and test design strategies
Select technologies to support strategies
Monitor progress against benchmarks
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Services

* Environmental Design
* Energy Analysis

« Lighting Design

* Masterplanning

« Benchmarking

« Carbon Management
« Facade Optimization

« WATER
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High Performance Facades




Case Studies

« Facade optimization using DIVA for Rhino and Grasshopper

« Daylight design for vegetation



Facade Optimization — MSKCC/CUNY



Urban Context Facade Optimization

Project Team:

- Architect: Ennead Architects
~ Envelope Consultant: Heintges

-~ Environmental Consultant: Atelier Ten

B

Mechanical Engineer: JB&B
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Overshadowing
South Facade East Facade

SETBACK IS MORE SHADED:
SUMMER SUN FROM 10AM-2PM;
SPRING, FALL, WINTER SUN
FROM &:304K-1PW
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Solar Insolation Bands (100 kWh/m2 increments)

North facade used as target

solar radiation level

Annual Radiation
(kWh/m2)

900-1000
800-900

700-800

600-700

500-600
400-500
300-400

200-300
100-200
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SOUTH AND EAST FACADE SOLAR RADIATION ZONES NORTH AND WEST FACADE SOLAR RADIATION ZONES



Curtain Wall System

4
RENDERING OF MODULES - SYSTEM 1A-V55

Glass lite widths:
1’-6”
3-0”
4’-6”
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DEPLOYMENT OF VARIOUS PANEL WIDTHS ACROSS A
MODULE - SYSTEM 1A-V55




External Shading Studies
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Vertical Fin Application Diagram




Grasshopper Process — Radiation Analysis
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*Takes input from Grasshopper
*Allows additional post processing abilities
*Formats data in our standard layout

Excel Post processing

A10 Radiation Component

«Standard component introduced before
«Different visual output options

*Excel output options


//a10-ny-nas/nas/Training/Lunch n Learn Presentations/130416 MSKCC Facades/130319 Percentage Master File.xlsx

Grasshopper Process — Fin deployment

-
' ] !
H

E L] . —
! T e —— — . B ’:
' H Sedects Large and Small Fins from Rino Model |
H
1
= -
(]

Ll i

! —

Large Parel

Input Output location Output processing Output
*Radiation data Grouping of Grouping of fins Fins in different
Fins existing fins based on solar layers according
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Baseline — Recommendation Comparison
Analysis with recommended fin depth

VIEW FROM S0UTH EAST

Incident Solar Radiation Adjacent Glass Width
received by panel < 2'Q0" 2'-0" - 4'-0" >4'-0"
> 500 12" 15" 15"
750 - 899 9" J2* 15"
6800 - 749 9" 12" 15"
450 - 599 5" 9" 12"
< 450 6" 6" 9"

VIEW FROM NORT



Baseline — Recommendation Comparison
Analysis with recommended fin depth

INCREASED AREA
WITHIN TARGET RANGE INCIDENT SOLAR

RADIATION kWh/m?
>1000
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Fin Optimization Summary
Vertical Fin Options Tested
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GLASS PANEL WIDTH PER BASELINE SOLAR RADIATION RANGES



Daylight Analysis & Fin Depth East Facade
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Facade Optimization - Designing for Vegetation






Marina Bay - 2006
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The Esplanade Theatres on the Bay

Michael Wilford + DP Architects
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Marina South Ecosystem

Moist warm
expelled

Breeze create,
at ground

Hot air from conservatory
purged to Supertree and

g ", atmosphere

" Wildife Connections

4

Flue gases drive ventilation in Supertrees‘

Electricity generated for site and conservatory
.3

Heat for dehumidifier o
Ld

Fertilizer

Bio-waste from Greenwaste
gardens burnt from gardens
to create power

.

Ash from biomass fu'mace used for fertilizer

a0

—

Hot air purged to
/ “X‘o atmosphere
Glasshouse shading
performed by the
. supporting beames/
50% sunshaded |
bybeams ¢’ :
o
o S
o Tee
Rainwater of & ' Fans located under
collection i = walkways to create
and reuse e s o air movement
L |
AT
.
¢/ Irrigation to conservitory
H
"H’“’"_ """ Clean water discharged to reservoir
. Water storage and cleaning
|-
Irrigation ' : ',"-" '
» c— New plant material for
**\ gardens and market

L

Seédllings and cuttings



Design Criteria — Temperature, Humidity + Light

Lux levels
o DO . o %
=3 mg : Comparing spaces
ESI )
= o
) )
% Internal llluminance Level (Lux)

Mediterranean Habitats Tropical Cloud Forests

Flower Dome Conservatory

Light Levels
45,000Lux for more hours than Eden

Conservatories  Office Home

O

Air Temperature

Daytime condition: 25°C @ 65% RH max

Night-time condition: 17°C @ 65% RH or more Singapore
Ignition condition : 13°C @ 70% RH or more bl Rk



Cool Dry Biome

Design Criteria

Daylight Levels
45,000Lux for more hours per annum than
Eden

Air Temperatures

Daytime Condition — 250C** @ 60% RH
Night-time Condition — 170C @ 80% RH
Ignition Condition — 130C @ 80% RH
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Cool Moist Biome
Design Criteria

Daylight Levels
45,000Lux For More Hours Than Eden

Air Temperatures

Daytime Condition — 250C @ 80% RH +
Night-time Condition — 170C @ 80% RH +
Ignition Condition — 160C @ 80% RH +



Cool Moist Biome







The Biomes at Eden

Grimshaw 2000




Annual Global Luminance Levels for Plants
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Greenhouse Conditions

Psychrometric Chart
Location : Singapore IWEC

ki/kg 50 60 70 80
40
30
CLOUD FOREST
DAY
20
S
FLOWER DOME
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10 NICHT e
CLOUD FOREST ()
NIGHT
IGNITION : CLOUD FOREST O 16°C
IGNITION : FLOWER DOME — o
0 . O
NIGHT O 13°C
-10
-15 -10 -5 0 5 10 15 20 40

Temperature °C

Daylight Levels
45,000Lux for more hours per annum than Eden Project

24

22

20

Humidity ratio (g/kg)



Climate Analysis

Cloud Cover Lux levels
Represented as annual percentage of sky vault visible at time Comparing spaces
% of sky vault visible
90 r Internal llluminance Level (Lux)
~ 50,000
5 ~
-
-
0 ~
)
~ g~y
75 - 40,000
70 oS
65
30,000
MOST CLOUD
60 RS S COVER AT
2PM
55
& 20,000
0200 0400 0600 i 0800 1000 1200 1400 1600 1800 | 2000 2200 0000
NIGHT TIME ; DAY TIME i NIGHT TIME
Time of day
10,000
0

Conservatories  Office Home



Solar Control

Fully Deployed Shades
Maintain Internal Light Level below 45kLux
Reduce Solar Gain by Approx 90%.

-~

- 878 wim?

170 wim?

1,040 wim?

' 936 wim?
Difference to internal solar gain
approximately 80W/m?2 with full
deployment of shading



SOIar ContrC)l Analysis Grid

Hours Above 45Klux
‘alue Range: 0.0 - 1000.0 Hours:
() ECOTECT w5
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Modeling Shading

Modelling Shading Impacts

Projected lllumination Levels and frequency for 65% VLT glass

Annual Hours Above Lux Level
%
100 &

90

45,000 Lux

80
70

60

-Gardens by the Bay
50

40
30
20

10

Shading Deployment
0 5 10 15 20 25 30 35 40 45 50 55 60

Lux Level Exceeded
(Thousands)




SELECTIVE GLAZING LAMINATE
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i’VB interlayer
Selective Low-E

Properties of high performance glass

Heat transmisison
KEY [Glass types] Traditional clear untreated glazing
o Viracon High light & heat transmissions
09! o ALPINE HOUSE
P“f(lngton SINGLE PANE LOW-RO!
+ Saint-Gobain glass .
* PPG L
L i Body tinted glazing !
Equal light & heat transmissions q°
® Global projects B o
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05
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GARDENS BY THE BAY
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High light. Low heat

0.2
20 30 40 50 60 70 80 90

Light transmission %
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External Shading




External Shading
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Solar Control

Internal llluminance Level (Lux)

80,000
PERIODS WHEN SHADING IS DEPLOYED

70,000

1
|

wooco L I, | L

50,000 4+ H U4 HHEH-HHEH Ay B 1 — |

40,000

30,000

20,000

10,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




External Shading




Environmental Concept

Return air duct integrated to facade

Hot air purged to outside via openings in facade \

Active shading on exterior of facade.
Options: 1- Tension blinds. 2- Movable opaque panels

Cooled air + fabric cooling
integrated to planting areas

Air intake
N : y

5 1 i

Displacement grilles at regular intervals. Cool / Dry Biome

Motorised mounted impulse fans to
~ ensure air velocity is 0.5 - 1m/s




Conditioning Strategy

© Diffuser behind architectural finish

© Supply air duct from plant rooms

© Service runs combined into structure

© Chilled floor to absorb some solar gain

© Displacement air supply via vertical surface
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The Cloud Forest

J ‘.(‘“‘,'" /f
Diffuse Light 170w/m* /"

Direct Light 876w/m?

1,040w/m?

@ Hot air Purged to outside via openings in facade.
Space is always positively pressurised

0 Active shading on exterior of facade.
Self-furling shades

o Air volume equivalent to fresh air rate purged
through facade at high level

@ Return air duct integrated to mountain

© Air distribution via ring ducts at each level to set diffusers
pointing inwards and pointing outwards

G No conditioning to walkways.
Misters are on underside of walkway
Internal misters can be used
to assist shade on very bright days

(7] Misting nozzles distributed
throughout surface of space

o Air intake

0 Ground air handling plant room
Supply and extract AHU's
dehumidification unit

@ Tunnel beneath building connecting air handling plant room
plant room to core of mountain

® Block box internal spaces conditined with fancoil

® Air distribution and fabric cooling integrated to
planter and walkway areas
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Gardens by the Bay, Singapore

Grant Associates and Wilkinson Eyre Architects
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Marina South Eco-System

Ash to wider Singapore for fertiliser
-

/ Biomass from Gardens

F N
. // \\ \
/ A\ / 2 / Photovoltaics \
' N
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"
EXHAUST

! SUPERTREE ‘

Biomass from Parks
+ Streets in Singapore

4 -y tPorts
I 2

f -~
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Rainwater collection 2=~ \P Shading
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] Irrigation Water 1
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I ! Supply 1 Desiccant nj
3 ] 1 Store
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! » Low grade
| heat Desiccant
Regenerator
Steam & =
Turbine ‘ v & v 4
4\ Chilled water
Power to P p
Energy Centre O b ’, GG
/ o Conservatories’
| T to
Electric Power from —/
pover () Chilers  Photovotaics SAporiess
36MW Supertrees
& A & *
ENERGY CENTRE (CONSERVATORY PLANT ROOM
Ash from
Biomass Boiler Ash from
used for cement Biomass Boller used as

relacement locally high grade fertiliser

Conventional Cooling

CL T
a Evaporation into
clouds



Biomass
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Desiccant Exhaust——

Supertrees Lake Cluster Y

Service Tunnel ——|

Energy Centre
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The Energy Centre

Gardens By The Bay

Annual Carbon Evaluation

Annual Carbon Consumption Or Offset

[kg CO, / Year]
2,500,000 Power Generation Power Consumption
’ ‘ ‘ 1,770 tons CO,
2,000,000 ' EXCESS
280 tons CO,

Total Cooling Power

1,500,000

1,000,000

500,000
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