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9:00am - 10:25am
ERIC COREY FREED

Founding Principal
organicARCHITECT, San Francisco

10:25am - 10:35am
BREAK

10:35am - 12:00pm

BARBARA GHERRI
PhD Student
Architect Universita’ Degli Studi di Parma, Parma, ltaly

DAYLIGHTING IN SCHOOLS

Daylighting strategies for schools,
from initial planning, through design
and operation.

Consideration of psychological,
physiological effects and energy
performance from Daylighting.









OF THE &
157, SPECTAC

ALL-NEW PICKS! BREAKFAST SPOT
EAUX-J TOBIKE REPAIR ART-SPA
VIADSHELPFUL & FUN! D
SUMMERCAMPS JEANS S
NL R%FRYSAVETHIS S
-ALONG PETBOARD /
IDEAS GALORE! "<

plus:

THE MAN WHO GOT
ROBERT BLAKE OFF
FOR MURDER

e sards aeerag o $3.95

.I"Q N9 BT .

IAREA
 FINDS

O'S WHO!
OT TIPS!

- +MORE!

\CHAUFFEUR
B PINBALL

D FACIAL
BARBER]

FRANCISCO MAGAZINE

BEST

BAY AREA

Best Green Architect
2005




”? MCKESSON WILLIAMS-SONOMA
LL N ) Empowering Healthcare

FuLLBLOOM

% .
1 ' £ LiERERR
ADES OYEEW
' Wl MAYACAMAS

BaKiNG Co.

NandWall o 4riafrg P 2 X A R Autodesk

]

LOS
vAllEs [ ] $4UTRON.




ACADEMY ofART
UNIVERSITY

) UG Berkeley Extension

CityUniversity

of Seattle




S Btgk’f"':g GREEN
&Remo_el g $ENSE

FOR THE HOME

Rating the
Real Payoff from

GREEN HOME PROJECTS




SELING SREEN

LIGHT YEaAns

..IT nuu
”"r ‘“’v N

CURRENTY THINKING









Install
Shading

Nold
Detection

‘ San Francisco

A

Area of Detroit: 139 square miles
SFO+BOS+NYC: 118 square miles

IRAQ LOUISIANA

Clean Tech Lobbying
fir 2107
) \ ) ] ]

1,239 scHooLs 89
136 HOSPITALS 11

Oil & Coal J8BBYINg 342 POLICE/FIRE 6

0,080

$120B cost $85B




9572.16 Eric Corey Freed —. | ’ “Eric Corey Freed

@ . URBAN RE VISION EXECUTIVE DIRECTOR
W2 T “‘C""—&‘C“ = Eric Corey Freed FOX\\ 0P STORIES
.ﬁ%\! AKAMAI (AKAM) 18.78 © 0.90 Author/Architect DUENESS UPS (UPS) 5719 4 0.03

11464 €T S&P 103830 © 1880 'NASDAQ 207320 T 4922 - 'y\‘.. [ _DOW 10293907 3854  SAP 108875 ~ 615  NASDAQ 213951 T 17.21
\ " -

Hmrican Stndsr’

S Tawt w

ﬂ""’v"[{& Eric Corey Freed

FOUNDER, ORGANIC ARCHITECT

= -
. A
'c
P §
| * 9e570.50 LDINGS HAVE HIGHER

- 141.78 WORKER PRODUCTIV. IN FACTORIES

“ {___INTERN TLCHNOLOGY 10P STORILS
A : | . ere  YAHOO! INC (YHOO) 17.34 = 047
DUSINESS CHARLES SC'MAB (SCHW) 18 10 ) 4 0.21 ) - ’: g 1146, €T T 'm 1885 rm’ ~ 8986 —

"~ DOW 10293307 3914 ~ S&P 108370 - 620 NASDAQ 213947 T 1735 —_— T~ : Hr e



- sundance
v CHANNEL.
deas

A SMALL PLANET




NEXTEFY

Sustainable
Industries ol

califers:

+ ]uxe

environmental design + construction




Che New ork Eimes

Iilavin Independent Jonrnal = Lhe Desert Sun

FINANCIAL .1 Entrepr cneur

—_— FASTOMPANY

GUARDIAN







DESIGN FOR ELEMENTARY AND SECONDARY SCHOOLS

Sustainable School Architecture

Lisa Gelfand

with Eric. Corey Freed
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Studies show
many schools are

unhealthy
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perception of the green schools

among executives



Benefits of Green Schools \\

e ———————
-— RN e & e

3% Increased Learning, Productivity & Performance

1.4% Increased Future Earnings of Students
25% Reduced Asthma

15% Reduced Colds and Flu
3% Reduced Teacher Turnover







ENERGY &
WATER COSTS




As of October 2010
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somewhat ﬁ o VY e
027

much better

perception of community image

green school benefits
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much better

ability to retain/attract teachers

green school benefits
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reduced student absenteeism

green school benefits
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student performance

green school benefits
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A 547,880
GREEN SCHOOL

£y $95,760

Annual Total Direct Savings Per School




annual green building savings
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WATER




green schools water savings

using ultra low flow fixtures



WATER CATCHMENT

'J ()( Csf @@3_. gal/in
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e 21 1ches per year

XN6,320] aIIons — 132 720 gallons/year
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retrofit with dual flush valves

UP for liquid waste

-

\ 00

Down for solid waste
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school energy costs
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Understanding Energy Use in Schools

Chillers
29%

Boilers

23%

I.ighting
33%

This will vary depending on
your climate region.

How much does your school
spend each year on energy?

Elementary School:
$70,000 to $150,000

Middle School:
$100,000 to 200,000

High School:
$200,000 to $650,000

USGBCO



Understanding Energy Use in Schools

Chillers

29%

Boilers

23%

This will vary depending on
your climate region.

How much does your school
spend each year on energy?

Potential No-Cost Savings = 10%

Elementary School:
$70,000 to $150,000 ~ $10,000

Middle School:
$100,000 to 200,000 ~ $15,000

High School:
$200,000 to $650,000 ~ $30,000

USGBCO



it every school ent gre

20,00 00315’00

over next 10 years
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GREEN ROOF SAVING
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no heat = no school
Central Plant

C-A

Central
Cooling &
Heating

C-B

C-C



redundant, but reliable
Individual Units

I-A E E E
| Individual
H&C B H&C § H&C § HEC § H&C § H&C cooling&
AHU || AHU | AHU | AHU | AHU | AHU Heating
H&C B HE&C § HEC § HAC § H&EC
23 anu | anu | adu | aHu | AHU
HaC | Hac | Hac | Hac Hac | HaC | HaC
AHU | AHU | AHU | AHU AHU | AHU | AHU
Hac ] Hac | ac | Hac SN Hac | Hac | Hac
AHU | aHU | AHU | AHU AHU | AHU | AHU
_J

e Wall units
e Roof top units
e Split systems



Zoned Systems

Z-A

Zoned
AHU | AHU | AHU Cooling &
Hea Heating

Cool

v 4% - 38 AHU | AHU | AHU

Heat & Heat &
Cool Cool

e Small chiller systems
e DX systems
e Split systems
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Direct Venting into a Room - SolarSheat 15006

How It works: The SolarSheat 15006 panel heats
base ( volume of 2 P rougn t OLr
! & ] ( di
o~

SolarSheat

1500G panel

Roof Mounting - SolarSheat 15006

How it works: The SolarSheat 1500G panel heats ins
ba on the me ol a nsing u ugh the
" y a DC wall ac

SolarSheat

1500G pane /

air. Th
e ind
k at t
e The
pane
i [l
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solarsheat.com



school energy savings
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Electricity

Measured in Kilowatls per hour

The kilowatl (symbol: kW), = equal
10 one Ihousand walls.

Ded you know?

Most elecironic devices continue 10
draw electricity even when turmed
Off or laft in "stanchy™ mode. In
fact, accorcding %0 ENERGY STAR,
the amount of electricity used
nationally by ke equipment is
roughly equal 10 the cutpet of 17

EXVRS s ¥ 25 kw

3883

5
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student/teacher ratio classroom size




Ao aylit schools



http://www.innovativedesign.net/paper.htm
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Window views increase
student performance
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GLOSSARY
OF TERMS




UMM ANNLC =

The luminous Intensity
(photometric brightness)
of a light source or reflecting surface

Including factors of reflection, transmission
and emission.

Units are candelas per sq.ft. or per sg.m.



ILEUWIIDNANIC =

The measure of light intensity striking a
surface.

Measured Iin foot-candles or lux.



LUMINOYUS FLUN

The flow of ight from a source
to a recelving surface.

Measured in lumens.



LUVI=)

Unit measuring the rate of light flow
(luminous flux).

One lumen produces a 1 foot-candle (lux) illuminance..



CANP)=1 A

an Sl unit of luminous intensity.

A candle has a luminous intensive of one candlepower.



rOCTLC AN = (fc)

An imperial measure of illuminance.
The amount of direct light from one candle

falling on a square foot of surface
one foot away.

Measured in lumens per square foot.



LUN

An S| measure of iIIu_minance.
The amount of light from one candle

falling on a square meter of surface
one meter away (lumens/m2).

Measured In lumens per square meter.

1 lux x 0.0929 = 1 foot-candle
1fc x10.764 = 1 lux



1 lux x0.0929 = 1 foot-candle
1fc x10.764 = 1 lux




PAVSLIGrTT FACTO RS

a numerical ratio used to describe the
relationship between indoor and outdoor
daylight luminance.

Ratio of internal daylight illuminance to exterior
& specific to a particular point inside the building



external
illuminance
sensor e

internal
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The fundamental concept of daylight factor—the relationship between indoor and
outdoor daylight illuminances. JONATHAN MEENDERING



Daylight Factor: Key Architectural Issues

« Size of daylight apertures
(windows, skylights etc.)

 Location of day Ilqht apertures
(sidelighting, toplighting €lc

 Access to daylight

(considering the site, building, and room contexts)

« Room geometr
(height, width and depth)

 Location of the point of interest relative to apertures
» Visible transmittance of glazing
 Reflectances of room surfaces and contents

 Reflectances of exterior surfaces
affecting daylight entering the aperture

 The effects of daylighting enhancements
(such as light shelves)
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Visible light

Low energy o R High energy

Frequency (s ')

3 = 10" 3 « 10" 3 10" 3 = 10" 3 « 10"
l I : | s
Hadio , | Gamma
waves | Microwaves Infrared Ultraviolet | X-rays rays
A T

10T 0T O™ 0T 107 1077100 10 10" 10
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transmitted
reflected







“We were born of light.
The seasons are felt
through light.

We only know the world as
it is evoked by light...

- To me natural light
“is/the only light,
because it has mood.

G

Natural light
IS the only light that makes
architecture architecture.”

-Louis |. Kahn







Glazing Placement — no thinking
Exterior Window-to-Wall Ratio: 22%




Glazing Placement — thinking daylighting
Exterior Window-to-Wall Ratio: 28%




Typical School Energy Use
Distribution
(varies by climate zone)

7%

10%

30%

Lighting

23%

Space
Heating

30%

Cooling

M Cooling J ) )
Space Heating annually on electricity

[ Water Heating
[ Other




Global Carbon Emissions

Fossil fuels from Colonial days through the Industrial Revolution

9,000 -
8,000 ---eermesemesee e
200} J NSO S
TOTAL
EMISSIONS

s Center, cdiac.ornl.gov

on Analysi

Million Metric Tons

US Carbon Dioxide Informat

SOURCE:

1751 1767 1783 1799 1815 1831 1847 1863 1879 1895 1911 1927 1943 1959 1975 1991 2007









DESIGN ELEMENTS

Integrated Design
Orientation/Form/Footprint/Massing
Sidelighting (including WWR and view)
Toplighting (including SFR)

Glazing Performance

Building Occupancy

Electric Lighting - Fixture Selection
Floor to Ceiling Height

Interior Colors/Surface Reflectances
External Shading

AESTHETIC
Low
X
One or other
One or other

X

HUMAN
Medium
X

One or other

One or other

X

X
X
X
X
X




CONTROL,
NOT
QUANTITY
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Controlled sunlight,
not direct sunlight

too bright = contrast

visual comfort problems

thermal discomfort

still requires electric Iié:lhting to balance
Increased cooling loa

20,000 to 50,000 lux



DASLIGATT JILLUWIINANIC =

depends on specific building:
* global location

* prevalling climate

* time of day/month/year

* current sky conditions

Measured Iin foot-candles or lux.



TABLE 12.5 COMMONLY EXPERIENCED BRIGHTNESS LEVELS

Brightness (cd/sq. ft.)*

Sidewalk in moonlight 0.0

Book illuminated by a candle 0.3
Wall in an office
Well-illuminated drafting table 30
Sidewalk on a cloudy day 300
Fresh snow on a sunny day 3,000

Normal indoor brightness

Sidewalk on a dark night 0.0003 A
|
#
|
| [
+
|
|
|

Normal outdoor brightness

500-watt incandescent lamp 30,000 Blinding glare

o EEmmaa s e e — ———— e ]

“For S.I., (cd/sq. m.) =(cd/sq. ft.) X 11




3.000 Lux
4 000 Lux

5,000 Lux
.~ 7,500 Lux

%, . — 10,000 Lux
! & - 15,000 Lux

' R 18.000 Lux
EQUATOR @'{cr 'f", Y

"{-,‘y - 15,000 Lux
q 10,000 Lux

—— 7.500 Lux

5,000 Lux

4,000 Lux
3,000 Lux




AUSTRALIA V2777773 16

NETHERLANDS % 10-20

FRANCE 7 4
GERMANY A

SWEDEN D%
US/CANADA A s

! ! | . ik 1 T ! l l I T T T N
10 20 30 40 50 60 70
FOOTCANDLES

Figure 12.9 A comparison of recommended lighting levels for general office work in horizon-
tal footcandles. Note that some countries recommend ranges instead of a specific value. (After
Mills and Borg. “Rethinking Light Levels.” IAEEL Newsletter, 7 (20), 4-7 (1998).)



SKY TYPES

Examples of different sky distributions.

These iImages are the result of taking photographs using a fish-eye lens.
Such images capture the full hemisphere of the sky, with the horizon around the perimeter

and the zenith in the centre.




Local climate
must be
considered
when
designing for
daylight.

Lux

CIE Clear Sky

Lux

CIE Intermediate Sky

Lux

CIE Ovecast Sky

CLEAR

INTERMEDIATE

International de I’Eclairage)

OVERCAST

Defined by the CIE (Commission



SITING
STRATEGIES
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Climate Appropriate Design

e SKky conditions

e [nternal/external load
tominated

e Building orientation
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Puilding Height: Street Width R atio

49" Latitfude

Impact of Croos-Section on Shading Patterns,
North -South éamaanc‘y on Jun 2
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external sensor

[21,520 lux] w

s 2000

.
»
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»
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20 5 120

) 30
215 (323) =" [538] [807] [9151 (1291

Pl / /////

Daylight factor versus illuminance as a measure of daylighting. The illuminance values
s change throughout the day, while the daylight factors will be reasonably constant
*roughout the day (under similar sky conditions). Kare BeckLEy
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TABLE 21a
Suggested room orientations

N NE - :OE S SW W NwW

Bedroom® o o

0 o °
Bath® ® ¢ o ) © ° o °
Kitchen ° ° °
Dining o e ° o
Living o o
Family < I8 o
Utility / Laundry® o o o
Workshop” o o o
Storage”’ © ° °
Garage”® o o ° °
Sun porch o > °
Qutdoor space” @ o ® o

‘The most suitable location of those indicated will depend on local
climate — whether largely too hot or too cold, direction of winter winds
and summer breezes, otc.



Sun Path Diagram
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DESIGN
CRITERIA




Suggested daylight factor criteria (under overcast skies)

SPACE AVERAGE DF MINIMUM DF
Commercial/Institutional
Corridor 7 0.6
General Office 5 Vi
Classroom 5 7
Library 5 1.5
Gymnasium 5 89
Residential
Dining Room/Studio 0 2.5
Kitchen 7 0.6
Living Room 1.5 5

Bedroom 1.0 0.3




Example of a daylight zoning diagram. kATe Beckiy



Design Requirements

50 Lux

Car Parks

Main Entrances and exits
Store rooms

Outdoor platforms
Stables

Hotel bedrooms
Garages

100 Lux

Corridors and passageways
Stairs and escalators
Entrance gates

Changing rooms

Rest rooms

Raw material stores
Machine rooms

Loading bays

Foyers

Domestic living rooms



Design Requirements

200 Lux 400 Lux

Lifts and lift lobbies Enquiry desks and counters
Waliting rooms Food preparation areas
Medical stores Consulting and treatment rooms
Machine assembly rooms General clerical offices
Finished goods stores Library reading tables
Vaults and strong-rooms Assembly hall platforms
Print rooms Classroom white-boards
Shopping centre circulation  Laboratories

Airport lounges Hospital dispensing rooms
Museum areas (general) Workshop benches

School assembly halls
Lecture theatres
Gymnasiums

Sports spectator areas



Design Requirements

600 Lux

Engine testing rooms
Cutting and assembly rooms
Inspection testing benches
Computer rooms

Drawing board task lighting
Food sales counters
Cashier counters
Supermarkets

School art rooms

Vision testing rooms
Sewing rooms

900 Lux

Electronics assembly areas
Instrumentation
workbenches

Supermarket displays

1200+ Lux

Sorting and grading areas
Clothing inspection areas
Hand engraving
workbenches

Jewellery workbenches
Boxing rings




Latitude

TASK/USE fe (Lux) 10°-20° 30° ) 50°

A : "E o
C‘G i S Re i

Assembly Tasks, simple 20-50 {215-538 1.5-3 f 1.5-4
moderatly difficult 50-100 (538-1076) 36,5 4-8

-
on

—————
—
&
>

wn
o

Alr Terminals 10-20 (108-215 0.5-1 1-1.¢ 1-2.5 2-3.5 2-4
Bank, lobby 10-20 (108-215 0.5-1 1-1.5 2-3.5 24

teller 50-100 (538-1076) 36.5 . 4-8 5.5-14.5 9-17.5 i 10-20
Calssroom, general 20-50 (215-538 1.5-3 | 1.54 2-6 | 350 | 4-10
readmg 50-100 (538-107¢6 3+0.9 4-8 5.5-14.5 8.17.5 J 0-2

Conference Room 20-50 (215-538 1.5-3 154 { 3.59 ‘ -1
Corridor, stairs 510 (54-108) 0.5 ) 5 ‘ 0.5-1 | -2 1-2

Dining Hall 5-10 (54-108) ; 0.5-1 D51 } 0.5-1 1-2 2

Drafting 50-100 (538-107¢ 3-6.5 +-8 ' 1 '
Exhibition, general 10-20 (108-215 | 0.5 5 ' 2 2-4
display 2050 (215538) | 153 | 54 : 26 359 | 410
| | 54 | 26 | 359 10

Hotel Rooms 20-50 (215-538) ; | 1.5

Lobby, lounge, reception 10-20 (108-215 ).5-1 1-1.5 1-2.5 2-3.5 2-4

)
)
]

Library stacks, active 1 5-3 1.5.4 2.6 35.9 1.1

inactive

n
-
'

-
-
>
L)

N
*

|
Locker Rooms 10-20 (108-215) : 0.5-1 | 115 1-2.5 | 2.3
Museum Display 20-50 (215-538 1.5-3 | 1.5-4 359

Offices, general 10-20 (108-215 0.5-1 1-1.5 1-2.5 2-3.5 2-4

Reading, normal

o
o
o
F 8N
J
e
J
n
"

(@

Restaurant Kitchen 50-100 (538-1076) .

N
J
-

n
» -
y

+*
N
&)
"~
n
Ve
<
",

Residences, kitchens 20-50 (215-538 1.5-3 1.54 26 3.5-9 1-10

“Ving 10-20 (108-21¢5 51 | ! : 1-2.5 2-3.5 )

bedrooms 510 (54-108) | 0.5-1 0.5- i 0.5-1 | 2 1.2
SOMHQ 50-100 (538-1076 | 4-8 ’ 55-145 E 9-17.5 0-20

Science Lab 50-100 (538-1076 3-6.5 -8 ? 5.5-14.5 9-1
Sports, indoor 50-100 (538-1076

:
|
Toilet Rooms 10-20 (108-215) ) 51 | 115 I 125 2.35 0.4

Recommended Dmolig'nf Factere img Room Vee and 9ite Latitude




TABLE 12.9 GUIDELINES FOR ILLUMINATION LEVELS
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TYPES OF
DAYLIGHTING
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E-W Elongated

Plan Diasrame

Stepped Gection on Hill

Gection Diagrame

Tall Room to Gouth

Gection Diagrame

N

Bl | P | R
Sy ¢
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Gtagsered Linked N ¢ 9 Roowme Linked to

Deep Room Petween 9-Facing Big Room

Connector Room

oelel

o

Recf Heat Over Pbatruction Mezzanine Under Slope

:
N
§ 1 | R
. 3
| | |
4 ! 4
‘
: ‘ i
Tall Roowm nbetween Tall Roowm on North

Plan and Section Organizations for 9olar Heating of Thick Buildings

&

Tall Room Behind Gtepyped Clerestories

Trayse Under Slope iy Room Encompassing



structural metal deck:
acoustic insulation|
enhances classroom perfromance;

ighting ENso
respond to daylight and
occupancy

high performance

roof insulation

low energy consumption
high color index
task oriented configurations

cool roof:
reflects solar heat

open book shelving,

low water consumption sinks
with drinking fountain bubbler

cabinets:
low emitting material

FSC certified wood

T

~

casework wall

eland Partners

A R C H

T E C T S

displacement ventilation heating system:

sliding marker board
conceals book shelving

allow user controlled
ventilation

window wall

teacher, heats room
paper storage wardrobe high volume of fresh air
drawers cabinet quiet
@
Y
Q
e =
=3
- «Q
s \ <
I g
— |

display wall

COX NEW CONSTRUCTION: TYPICAL CLASSROOM
May 14, 2008

display wall

daylight clerestory:
insulated translucent glazing
provides diffuse light

reflects salar heat

minimizes shadows

o | I

'_ clock and intercom

allows light but not heat
transmittance

views to outside

radiator:

creates warm air barrier at window
individual controls for each classroom

linoleum flooring:
rapidly renewable resource
low emitting installation

N

N4

N4

7N

window wall

continuous tackable wall surface:
rapidly renewable resource
low emitting material

SRR R SRR, SRR SR
teaching wall






TOPLIGHTING




Skylight

| Roof
monitor

Sawtooth




SKYLIGHT

SAWTOOTH

MONITOR

CLERESTORY




Skylight

Clerestory

Monitor

Sawtooth




Splayed opening
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Wall Wash Toplighting




Central Toplighting




Linear
Toplighting
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Skylights




Tubular Skylights > 7

T 3




Toplighting washes brick walls with light in an interior courtyard in Montepulciano,




Skylight and clerestory monitors on the roof (left) of the administration building at
Guandong Pei Zheng Commercial College in Huadu, China; resulting toplighting distributed by
light wells (right) provides illumination for four floors along a circulation corridor.







Toplighting: Key Architectural Issues

«Toplighting liberates the walls of a space. Daylighting from
above, rather than sides, allows for a greater latitude in how
the walls of a space are used.

Light scoops, clerestories, roof monitors, and skylights all
provide opportunities for architectural expression in the
building form.

«An inherent limitation is that toplighting suits only one story
high buildings or can the top level of multistory buildings.

«Toplighting can however reach a great depth as lighting
access Is not limited to the walls.

«Toplighting encourages the activation of the ceiling plane, an
area often forgotten in the design process



CLERESTORIES



Clerestories (High Windows)







SIDE
LIGHTING




Window Distribution

Windows
both sides







30 ft
T m—t



Multiuse room with toplighting and sidelighting to provide even daylight distribution at
the Christopher Center at Valparaiso University, Indiana. © perer aaron/esTo




View Windows




Two Sources of Light




Bilateral sidelighting from view windows and clerestories in a computer lab at the
Global Ecology Research Center at Stanford University, Palo Alto, California. © peter aaron/esto



LIGHTWELLS
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Lightwells in the National Gallery of Canada, Moshe Safdie
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External light shelves shade windows below,
minimizing glare and heat gain while reflecting
diffused light into the building through glazing
above.

\,s\ NSO
oA AR
R e
B P

Davylighting prov l(les most of the ambient lighting in the bu:ldmg Tall windows on the long south
side, combined with interior light shelves, allow daylight to penetrate deep into the open office

space.
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MATERIAL
REFLECTANCE




Plan View Vertical Reflector for a
9outheast-Facing Window \
(hortheast-facing in the Southern Hemigphere!




Surface ' Recommended Reflectance (%) Reflectance (%)

Ceilings 70-80 white

Walls | 40-80 pale yellow & rose

Floors | 20-40 pale beige & lilac

pale blue & green
Recommended Finiech Reflectances

mustard yellow

medium brown

medium blue & green

black

Dau/wlielnf Reflectance of




Reflector Finish Reflectance (%)

Concrete

Old snow 40-70
New snow 80-90
Polished aluminum 75-95
Aliminized mylar 60-80
Polished stainiess steel o0-80
White porcelain enamel 70-77
Acrylic with aluminized backing 85
Aluminum foll 86
Electroplated Silver, new 96

Solar Reflectance of Ffﬂfézhecz




WINDOW
OPENINGS
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FwsH QFENINGS PROPUCE SPLAYED WINDOW JAMBS
HAKP CONTRASTS SOFTEN (ONTRALTS
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FIG. 40b. When windows must be placed innorth, west and east walls, keep the opening small, and
use internal placement {o best advantage.




Design Daylighting

North wall view South wall view

Two Sided Daylighting (preferred)

Side lighting only

Small windows with shear wall
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DEVICES
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INTERIOR
SHADING

CONTROLS
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INTEGRATING
LIGHTING
FIXTURES




Integrating Daylight

1. Design electric lighting rows PARALLEL to the daylight

source.
« Provide separate switches so that rows of lights nearest the

window can be extinguished.

2. Provide separate switches for daylighted and non-
daylighted zones.

« Required by some energy codes

3. If desired, provide automatic daylight switching or dimming
« Be certain to provide override controls when video shading
systems are being used




Comparison of Lamp Efficacy

Mean Lumens Per Watt

O 10 20 30 40 S50 60 70 80 90 100

| ! ! ! !

T-8 Super
1-5
T-5HO

T-8 Standard
T-12 Standard ** |
CF 32W |
CF 13W **
MH450 Pulse Start |
MH100 Pulse Start
Standard M175 ** |

HIR
White LED |




Classroorn Lignilng Cnoless

Wraps
Lens troffers
Parabolic troffers
Basket troffers



CASE STUDY:
CLASSROOM
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Daylighting Evolution in LEED

NCv2.1, EQc6.1 — Controllability of Systems

Provide a high level of thermal, ventilation, and lighting system control
» Perimeter Spaces
* Requirements: one operable window and one lighting control zone per
200 sq.fi. for regularly occupied argas within 19 feet of the perimeter wall.

NGv2.2, EQcb.1 — Gontrollability of Systems

Provide a high level of lighting system control
» Lighting
» Requirements: individual lighting contr ols for min. 90% huilding occupants,
lighting system controllability for shared spaces.

LEED 2009 Green Building Design and Construction,
EQcb.1 - Controllability of Systems: Lighting

» Reguirements: same as NGv2.2



Daylighting Evolution in LEED (continued)
EBvZ.0, EQc6.1 — Gontrollability of Systems

Provide a high level of temperature, ventilation, and lighting conirol
» Lighting
» Requirements: lighting controls for at least 0% of building occupants

EB 0&M, Eic2.2 — Occupant Comfort: Occupant-Controlled
Lighting

Provide a high level of lighting control
» Requirements: lighting controls for 50% of individual workstations AND for
30% of multioc cupant spaces

LEED 2009 Green Building Operations and Maintenance,
IEQc2.2 — Controllability of Systems: Lighting

» Reguirements: same as EB O&M



Daylighting Evolution in LEED (continued)
NCv2.1, EQc8.1 — Daylight and Views

Providing a connection between indoor and outdoor spaces with daylight and

VIBWs
» Daylight 75% of Spaces
¢ Requirements: Minimum 2% Daylight Factor for 75% of all space occupled for critical visual
tasks.

NCv2.2, EQc8.1 — Daylight and Views

+ Daylight 75% of Spaces
Requirements: Glazing Factor Caleulation OR Daylight Simulation Model OR Daylight
Measurament. Fer all options, only sq. fostage associated with the portions for the rooms
masating the min. illumination reguiramants apply towards 75% ARD provids daylixht

redirection and/or glare control devices.

LEED 2009 Green Building Design and Construction,
EQc8.1 — Daylight and Views: Daylight

¢ Requirements: Simulation DR Prascriptive OR Measurement OR Combination. Far all aptions,
only 54. Toetage assoclated with the portions for the rooms mesting the min. lllumination
requirements apply towards 75% AND provids daylight redirection and/or glars coniral
devices. In Schools, there Is an option for up to 3 poinis, with 90%% achievement of all
classrooms and/or 73% of all ather regularly occuplied spaces.



Daylighting Evolution in LEED (continued)

EBvZ.0, EQcB.1 — Daylight and Views

F'r-lmrillinnal;l'I ?Iﬁinnnmiu-n between indoor and outdeor spaces with daylight and views

* Requirements: achleve 2 minimum Daylight Factor of 2% in space occupled for critical
visual tasks

EB 0&M, EQc2.4-2.5 — Occupant Gomfort: Daylight and Views
* Requirements: 2% daylight factor In 30% or 75% of all spaces. Measurement
OR Calculation OR Simulation

LEED 2009 Green Building Operations and Maintenance,

IEQc2.4 — Daylight and Views
o Requirements: Simulation OR Prescriptive OR Measurement OR Gombination, For al
options, only s1. Tootage assoclated with the portions for the rooms meeting the min.

llumination requirements apply towards 75% AND provide daylight redirection and/or
glare control devices.

¢ Same requirements as LEED 2009 Green Bullding Design and Construction, EQc8.1 -
Daylight and Yiews: Daylight.
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COLLABORATIVEFCR
HIGH PERFORMANCE

SCHOOLS

Better buildings. Better students.




CHPS
Daylighting Guidelines

m View Windows

B High Sidelighting (clerestory)
H Clerestory with lightshelf

m Wall Wash Toplighting

m Central Toplighting

m Patterned Toplighting

H Linear Toplighting

H Tubular skylights
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delusional

fragile
childish
in debt
on drugs
indulgent
bad diet

obsessed
over the hill


































No Apology:
The Case For American Greatness
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37. Cuba

39. Portugal

SOURCE: Wikipedia
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47 ¢ Faroe Islands



31. Finland
32. Australia
33. Chile

34. Denmark
. Dominica 2 A
. Costa Rica i

. Slovenia
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NUMBER OF DOCTORS

51. Cyprus
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37. Estonia

38. Austria



*

MATHEMATICAL LITERACY

echiRepublic l :




O
o
@
ge’
é.
i
O
o<
2
O
w




woduslse\uolteN JOHNOS







WOOIBISBNUOHEN (3T




a1

)

)

. e~ T,
o. 4 ' 4 | f
) ”
ro =

¥

R D i adudd |

LA, =
v | 2
>

executions

SOURCE: NationMaster.com



odeu




wodus)se\uoneN S HO8NOS

Aoueusdaud usd]




woouslseuolleN 3OHNO0S




- wooislseNuolleN 308N OS
— —




WO US]SRIA|UE

—~ .4. (..fj.-w.\

%0S Mol|2q uonendod







-

motor vehicle death
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garbage production

SOURCE: “InfoPlease.com
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32.7%

overweig

(skinny nerds)



obese americans

L




n
(4b)
©
>

p
((b)
5]
- 'C
o
3=
T
o3
-
a7
(qv]
(4b)
T
—
@)
e
(e

q

SOURCE: US Depa

iy "
N (LT | J
LAY / Juy 1“ ')"" '{" ~' t’ Ly } 1"4( I
A "1 "‘ ' “" .f' 15 ’;/
.‘-.A,,". f ),’\



americans obese
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YOUR HOMEWORK

what’s next:

action steps




take action.

do something.
think big.
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tell others.
share your

enthusiasm.
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f_iII the materials
library with green
materials.
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make a list of
things you will
not compromise.
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become champion
of one issue.
iInnovate.
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“you must be the

CHANGE

jJ WisHiite see in the

U\ORLD".

-Mlahatma Gandhi
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Reference Books

&

Achieving 30% Energy Savings
Toward & Net Zero Energy Building

SUN, WIND & LIGH]




U.S. Dept. of Energy - Energy Smart Schools
www.eere.energy.gov/buildings/energysmartschools

Energy Efficiency and Renewable Energy Education
www.eere.energy.gov/education

EnergyStar
www.energystar.gov (Buildings & Plants)

Collaboration for High Performance Schools (CHPS)
www.chps.net

National Clearinghouse for Educational Facilities (NCEF)
www.edfacllities.org

ASHRAE Advanced Energy Design Guides
www.ashrae.org/publications/page/1604



Organizations

International Commission on lHlumination
WWW.Cie.co.at

llluminating Engineering Society of North America (IESNA)
WwWWw.lesna.org

Lawrence Berkeley National Laboratory
www.lbl.gov

Lightsearch.com
www. light-link.com

Lighting Research Center, Rensselaer Polytechnic Institute
www.|rc.rpi.edu


http://www.lrc.rpi.edu
http://www.lrc.rpi.edu

Sensor Placement and Optimization Tool (SPOT)
www.archenergy.com/SPOT/index.html

Daylighting: Healthy Schools Network, Albany, NY
www.healthyschools.org/downloads/Daylighting.pdf

Study: Effect of IEQ on Occupant's Perception
www.cce.ufl.edu

Heschong Study: Daylighting in Schools
www.coe.uga.edu/sdpl/research/daylightingstudy.pdf

Student Performance in Daylit Schools
www.innovativedesign.net

Daylighting Collaborative
www.daylighting.org

Windows and Daylighting (LBNL)
windows.|bl.gov


http://www.archenergy.com/SPOT/index.html
http://www.archenergy.com/SPOT/index.html
http://www.daylighting.org
http://www.daylighting.org

organicarchitect

e

coreyrreedad eric@organicarchitect.com
Cwitker

Mlted com/downloads/daylighting.pdf

facebook. (Ve


mailto:eric@organicarchitect.com
mailto:eric@organicarchitect.com

9:00am - 10:25am
ERIC COREY FREED

Founding Principal
organicARCHITECT, San Francisco

10:25am - 10:35am
BREAK

10:35am - 12:00pm

BARBARA GHERRI
PhD Student
Architect Universita’ Degli Studi di Parma, Parma, ltaly

DAYLIGHTING IN SCHOOLS

Daylighting strategies for schools,
from initial planning, through design
and operation.

Consideration of psychological,
physiological effects and energy
performance from Daylighting.
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