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

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, Italy

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





TIME TO DO
SOMETHING

action
without

is the ruin of the

SOUL...”

-Edward Abbey

“SENTIMENT



LEED Certified
Hippies Welcome.
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60,443,000
by 2017

student growth



35,000,000,000
in annual tax dollars

schools spend$



125,766
K-12

number of schools



Schools typically 
designed just to

meet codes



Studies show 
many schools are

unhealthy
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national dropout rates
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50 largest cities



50
marchandmeffre.com

%

ill
it
e
ra

cy
 r

at
e

in Detroit



green
schools

need for



perception of the green schools
among executives
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costs more



3%  Increased Learning, Productivity & Performance 
1.4% Increased Future Earnings of Students
25%  Reduced Asthma
15%  Reduced Colds and Flu  
3%  Reduced Teacher Turnover

Benefits of Green Schools 



“A school should be a
thought-built good-time place

for happy children 
– the school should regard children 

as a garden in the sun.”

Frank Lloyd Wright
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perception of community image
green school benefits

52%
much better

35%
somewhat
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ability to retain/attract teachers
green school benefits

54%
somewhat

20%
much better
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reduced student absenteeism
green school benefits

55%
somewhat

17%
much better
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student performance
green school benefits

47%
somewhat
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MISSED OPPORTUNITIES

FORMALDEHYDE
Finishes use deadly binder 
in many common materials.

TRAPPED AIR
Windows don’t open to 
allow fresh air.

GLARE
More light isn’t better light.  
Use proper daylighting.

VOC PAINT 
Unhealthy paints used.  
Could be VOC free.

BLANK WALL  
Lack of color slow brain 
development.

VAMPIRES 
Power is consumed 
whether needed or not.

ALLERGENS 
Carpets trap dust, germs 
and mold.

TOXINS 
Cleaners contain harsh 
chemicals.
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MAINTENANCE HEALTH WATER ENERGY LIGHT EDUCATION

MAINTENANCE

MAINTENANCE



schools spend more on 

trash disposal 
than
new textbooks



MAINTENANCE
is the primary decision



DESIGN
a 40 year building.



PREVAILING WAGE
determines the walls.





MAINTENANCE HEALTH WATER ENERGY LIGHT EDUCATION

HEALTH

HEALTH
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MAINTENANCE HEALTH WATER ENERGY LIGHT EDUCATION

WATER

WATER



green schools water savings
using ultra low flow fixtures

32%
savings

S
O

U
R

C
E

: 
 C

a
p

it
a
l 
E



WATER CATCHMENT

1000sf = 632 gal/in

= ____ inches per year 

x ___ gallons = _______ gallons/year

21
6,320 132,720

30,000sf building / 3 floors 
= 10,000sf roof area

10,000 = 6320 gal/in



60%
WATER SAVINGS

DRIP IRRIGATION



20˚
LOWER TEMPERATURE

POROUS PAVING



sloanvalve.com

retrofit with dual flush valves



collect condensate from A/C
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ENERGY

ENERGY
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USGBC©



USGBC©



20,000,000,000
over next 10 years

$ if every school went green



40%
energy savings

GREEN ROOF SAVINGS
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hydrotechusa.com



central vs. package units



no heat = no school



redundant, but reliable





NOISY AIR CONDITIONER
gets shut off and the door opens.



solarsheat.com
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school energy savings



agilewaves.com



SHADE SOUTH & WEST WINDOWS

(here)



MAINTENANCE HEALTH WATER ENERGY LIGHT EDUCATION

LIGHT

LIGHT



DAYLIGHTING
is the most important thing

you can do in a school.

more than 

student/teacher ratio
more than 

classroom size
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5-10
%

Window views increase 
student performance



GLOSSARY 
OF TERMS



LUMINANCE 

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 sq.m.



ILLUMINANCE 

The measure of light intensity striking a 
surface. 

Measured in foot-candles or lux.



LUMINOUS FLUX 

The flow of light from a source 
to a receiving surface. 

Measured in lumens.



LUMEN 

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

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



CANDELA 

an SI unit of luminous intensity.  

A candle has a luminous intensive of one candlepower.



FOOT-CANDLE (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.



LUX 

An SI measure of illuminance. 

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
1 fc  x 10.764 = 1 lux



1 lux  x 0.0929 = 1 foot-candle
1 fc  x 10.764 = 1 lux



DAYLIGHT FACTOR 

a numerical ratio used to describe the 
relationship between indoor and outdoor 
daylight luminance.
(typically under overcast sky conditions) 

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





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

• Location of daylight apertures 
(sidelighting, toplighting etc. )

• Access to daylight 
(considering the site, building, and room contexts)

• Room geometry 
(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)

Daylight Factor: Key Architectural Issues



LIGHT



93 million miles

8 minutes







LIGHT IS

absorbed
transmitted

reflected



DAYLIGHTING

contro
lle

d lig
ht

not a
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s possible



-Louis I. Kahn

“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.

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



<Artificial       Daylighting>







Lighting

Cooling

Space
Heating

5,000,000,000
annually on electricity

k-12 schools spend
$

daylighting 
could affect:

electricity use
heating load
cooling load
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CONTROL, 
NOT 

QUANTITY



Too much daylight =
a solar oven 



too bright = contrast 

visual comfort problems
thermal discomfort
still requires electric lighting to balance
increased cooling load

20,000 to 50,000 lux

<500 lux

Controlled sunlight, 
not direct sunlight



DAYLIGHT ILLUMINANCE 

depends on specific building:
• global location
• prevailing climate
• time of day/month/year
• current sky conditions 

Measured in foot-candles or lux.









SKY TYPES

Examples of different sky distributions.
These images 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. 
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Local climate 
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considered 
when 
designing for 
daylight.
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SITING 
STRATEGIES



















Sun Path Diagram
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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



200 Lux

Lifts and lift lobbies
Waiting rooms
Medical stores
Machine assembly rooms
Finished goods stores
Vaults and strong-rooms
Print rooms
Shopping centre circulation
Airport lounges
Museum areas (general)
School assembly halls
Lecture theatres
Gymnasiums
Sports spectator areas

400 Lux

Enquiry desks and counters
Food preparation areas
Consulting and treatment rooms
General clerical offices
Library reading tables
Assembly hall platforms
Classroom white-boards
Laboratories
Hospital dispensing rooms
Workshop benches

Design Requirements



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 







TYPES OF
DAYLIGHTING







COX NEW CONSTRUCTION: TYPICAL CLASSROOM
May 14, 2008

window wall
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TOPLIGHTING



Skylight

Roof 
monitor

Sawtooth





Skylight

Clerestory 

Monitor

Sawtooth



Splayed opening 



Wall Wash Toplighting



Central Toplighting



Linear
Toplighting



Toplighting (with Clerestory)

North Clackamas High School
BOORA, Architects



Skylights



Tubular Skylights









•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

Toplighting: Key Architectural Issues



CLERESTORIES



Clerestories (High Windows) 





SIDE
LIGHTING



Window Distribution

Window

Windows
both sides

Lightshelf









View Windows



Two Sources of Light





LIGHTWELLS









Lightwells in the National Gallery of Canada, Moshe Safdie











LIGHT
SHELVES











MATERIAL
REFLECTANCE









WINDOW 
OPENINGS









Design Daylighting

Two Sided Daylighting (preferred)

Side lighting only

Small windows with shear wall

North wall view South wall view



EXTERIOR
SHADING 
DEVICES



OVERHANGS





TRELLIS





TREES





INTERIOR 
SHADING 

CONTROLS







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



0 10 20 30 40 50 60 70 80 90 100

T-8 Super

T-5

T-5HO

T-8 Standard

T-12 Standard **

CF 32W

CF 13W **

MH450 Pulse Start

MH100 Pulse Start

Standard M175 **

HIR

White LED

Mean Lumens Per Watt

Comparison of Lamp Efficacy

Electronic ballasts except where noted by **



Classroom Lighting Choices

Wraps
Lens troffers
Parabolic troffers
Basket troffers



CASE STUDY:
CLASSROOM











MAINTENANCE HEALTH WATER ENERGY LIGHT EDUCATION

EDUCATION

EDUCATION



“Children are not

vessels to be filled,
but lamps to be lit.”
Swami Chinmayananda



SMART



DUMB



• High school students calculating energy from

solar panels on the roof.

• Middle school students studying ecosystems in their 

constructed wetland.

• Kindergarteners growing lunch in an 

organic garden.



make the

water cycle
visible



make the

energy use
visible



esynola.org









Seaton Primary, Devon



Eastchurch Primary, Kent



















CHPS 
Daylighting Guidelines

 View Windows

 High Sidelighting (clerestory)

 Clerestory with lightshelf

 Wall Wash Toplighting

 Central Toplighting

 Patterned Toplighting

 Linear Toplighting

 Tubular skylights



Michael Jackson
1958-2009









michael jackson

IS
AMERICA



delusional
fragile

childish
in debt

on drugs
indulgent

bad diet
obsessed

over the hill
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No Apology:
The Case For American Greatness

Gov. Mitt Romney
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INFANT MORTALITY
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HEALTH CARE
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3.  Japan

4.  Costa Rica
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EMPLOYMENT
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MINIMUM WAGE
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EDUCATION SPENDING
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MATHEMATICAL LITERACY
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BEER CONSUMPTION
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(skinny nerds)
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overweight
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72,000,000
obese americans
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walkscore.com

35
walkable
neighborhoods

%

decrease in 
risk of obesity



“lipodiesel”



5,000
average cost of liposuction

72,000,000
number of obese americans

50
average pounds per person

360,000,000,000
total cost for surgery

514,000,000
potential gallons of fat fuel

0.005
cost per BTU

64,250,000,000,000
total BTUs produced

125,000
BTUs per gallon

x



3,210,350
metric tons of co2 saved

791,256homes/year



1.21gigawatts per person





YOUR HOMEWORK

5
action steps

A

what’s next:



YOUR HOMEWORK

A
1take action.

do something.
think big.



A
2tell others.

share your 
enthusiasm.

YOUR HOMEWORK



A
3fill the materials 

library with green 
materials.

YOUR HOMEWORK



A
4make a list of 

things you will 
not compromise.

YOUR HOMEWORK



A
5become champion 

of one issue.
innovate.

YOUR HOMEWORK



-Mahatma Gandhi

CHANGE
“you must be the

you wish to see in the

WORLD...”
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RESOURCES



Reference Books



Online Resources

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.edfacilities.org

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



Organizations

International Commission on Illumination
www.cie.co.at

Illuminating Engineering Society of North America (IESNA)
www.iesna.org

Lawrence Berkeley National Laboratory
www.lbl.gov

Lightsearch.com
www.light-link.com

Lighting Research Center, Rensselaer Polytechnic Institute
www.lrc.rpi.edu

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


Online Tools

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.lbl.gov

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


DOWNLOAD THIS PRESENTATION:

organicarchitect.com/downloads/daylighting.pdf

organicarchitect 

?QUESTIONS

CONNECT:

DROP OFF YOUR BUSINESS CARD

ericcoreyfreed eric@organicarchitect.com

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


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

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, Italy

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

L11D09 DAYLIGHTING IN SCHOOLS



10 MINUTE BREAK


