
ELECTRICITY & 
LIGHTING

Simple, effective ways to slow 
CO2 emissions



OUTLINE
� Why is high efficiency lighting so imperative? 
� What is happening on a global and local basis 

with lighting initiatives?
� What is high efficiency lighting? 
� What are some typical examples of high 

efficiency lighting?
� What improvements/changes can we expect to 

see in the future?



ENERGY – THE “GO” OF THINGS

� California’s PEAK ENERGY DEMAND growing at about 
2.4% per yr

� Translates to 3 new 500MW power plants annually.
� Current standards have saved more than $36 billion in 

energy costs since 1978
� Energy can neither be created nor destroyed (can only 

be changed from one form to another)
� Whenever energy is changed it loses something in the 

process call entropy. Heat is the ultimate result from 
entropy.

What percent of energy is wasted (as heat) from an incandescent bulb?

What happens when peak demand is not met?



NET ENERGY

� Net energy for electricity generated from coal 
driven power plant is 15%

Mine x Transport x Refine x Generation x Transmission x Transform x Use

?? %    x            50%     x         90%      x        60%    x        90%        x    90%   x 65% = 15%

What can we change in this formulae to get a better  result?



ENERGY “CONSUMERS” - ELECTRICITY 

� ___% LIGHTING

� ___% Plasma TV

� ___% TV, COMPUTERS, & OFFICE EQUIPMENT

� ___% AIR CONDITIONING

� ____% MISC APPLIANCES



EUROPE: Legislation 
to eliminate 

incandescent lamps 
starting in 2009 .

AUSTRALIA: 
Standards: 2009 to 

2010, which effectively 
ban incandescent

CALIFORNIA: Title 24

US: 2007 Bush’s 
Energy/Security Act  

by 2012 most 
incandescent 

lamps phased out.

RESPONSE TO INEFFICIENT “LIGHT BULB”



CALIFORNIA’S RESPONSE – Title 24
Reduce energy – make lighting more efficient

� Commercial Lighting
� Mandate the use of natural light: e.g. skylights in big box 

stores

� Mandate high efficacy light: e.g electronic transformers, more 
lumen output for each watt used, etc.

� Mandate lighting controls: e.g. turn light offs automatically via 
motion sensors, photo sensors, progressive daylight dimming, etc.

� Residential Lighting
� Kitchen - 50% of watts high efficacy

� Bath/Garage/Laundry/Utility Rm & Outdoors - sensors

� Other interior rooms (e.g. living, bed, dining) - dimmers

How is lighting efficacy measured?



Stand by power – The New Hog
� Appliance is off but continues to pull electricity.
� VCRs, DVDs, CD: when left in ‘active standby’ mode use 2x energy 

as they do when switched off.
� Power strip turn off. 
� 2006 - The Australian Government announced programs to reduce 

standby power waste 
� By 2012 all electrical appliances will need to meet the 'one watt 

target' before they can be sold in Australia. 
� This measure has the potential to save more than 2.5 million ton of 

greenhouse gas emissions and about $350 million per year. 



ALTERNATIVES -ELECTRICITY

� The Pacific Northwest National Laboratory in Richland, Washington 
– one of the U.S. Department of Energy’s 10 national laboratories –
estimates that wind power could supply 20 percent of the US’
electrical needs. 

� Founder of Wal-Mart has invested $250M in First Solar, which now 
has a market capitalization larger than GM and Ford combined. 

� The founders of Google funded NanoSolar, which just shipped solar 
panels at $1/W, making it cheaper than coal. 

� And while General Electric is losing its appliance division, it’s going 
big time into renewable energy via wind and LED lighting.

� Other big players include Phillips, Sharp Electronics, Boeing, 
Peterbilt, Intel, Hewlitt-Packard and IBM.



TERMS

� Light
� Created when electrons that make up electrical current slam into

conductive material (e.g. tungsten atoms) cause them to vibrate,
friction produces heat/thermal energy which is captured and then
released by the electrons in the form of photons (light).

� Visible light is the wave length we can see 380 – 700 
nanometers.



TERMS

� Watts: amount of electrical power 
(energy) consumed by a lamp. 

� Lumen: unit of measure used to indicate 
the quantity or intensity of lamp. (output)

� Efficacy: ratio of lumens produced by a 
lamp to watts consumed, expressed as 
lumens per watt (LPW).  

SHOULD YOU ASSUME THAT INPUT WATTS ALWAYS 
EQUALS LOTS  OF LIGHT OUTPUT?



TYPES OF HIGH EFFICACY LIGHTING:
DISCHARGE LAMPS

� Discharge lamps generate light by 
passage of an electrical current through 
vapor or gas

� 3 types of discharge lamps
� LPS - Low Pressure Sodium Lamp  

� HID - High Intensity Discharge Lamp 
� Fluorescent



HID - TYPES & DECRIPTIONS

� High-Pressure Sodium (HPS)
� Poor color and rendering – orange tinted
� Avg. life very high
� Lumen depreciation low

� Mercury-Vapor
� Color is blue to green
� Rendering is ok
� Avg. life very high
� Lumen depreciation high

� Metal-Halide (Ceramic)
� Good color and good rendering
� Avg. life moderately high
� Lumen depreciation high

HID

HPS & Mercury-Vapor being replaced by “long-life”
fluorescent



FLUORESCENT • Good color

•Good CRI

•Many shapes & sizes
• Linear tube T8, T5

• CFL – Compact Fluorescent 
“light bulb” like, available in 
“edison screw-in medium base 
and pinned connections

Longevity due to improved technology and reduction 
in mercury content.



DEBATE OVER MERCURY

� CFL bulb contains between 1.4 and 5.0 
milligrams of mercury — not enough to cover the 
head of a pin. Said John Bachner, National 
Lighting Bureau.

� Older thermometers 500 milligrams; thermostats 
1,000 to 3,000 mg.

� EPA estimates American coal fired utilities 
release 104 metric tons. Mecury vapor inside 
fluorescent light bulbs binds to the inside of the 
bulb, leaving an average of 0.4 mg of mercury 
free in the bulb. 



LED – LIGHT EMITTING DIODE 
THE UP & COMING TECHNOLOGY

� Semi-conducting device which emits 
photons (visible light) when electric current 
is applied

� Wavelength (color) depends on the 
materials used, e.g.

� Red: aluminum gallium arsenide (AlGaAs)
� Green: aluminum gallium phosphide (AlGaP)
� Blue: indium gallium nitride (InGaN)
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LIGHT EMITTING DIODE TYPES
Indicator Illuminator
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Stereos, battery 
chargers, car 
dashboards, etc

Lights



LUMENS PER WATT BY LIGHT TYPE

DISCHARGE:
CONDUCTIVE
ELEMENT IS
VAPOR OR GAS

INCANDESCENT: 
CONDUCTIVE 
ELEMENT IS WIRE

UNITS OF LIGHT OUTPUT

LPW = FOR EACH UNIT OF ELECTRICITY COMING INTO LAMP; 
THERE IS A CORRESPONDING UNIT OF LIGHT BEING GENERATED



LED - LUMENS PER WATT
The Controversy

� “White” LED’s are less efficient than “colored” LEDs.
� 20 - 45 lumens per watt typical
� Technology is changing dramatically
� Laboratory  “white LED” prototypes produce between 

150-130  lumens/watt 
� Magazine “New Scientist” reports new “nano” crystal-

coated LEDs have potential of 300 lumens per watt

Disclaimer: Lumens per watt for LEDs is controversial. Affected by many 
factors which are not completed understood or thoroughly tested.



WHAT IS THE PURPOSE OF LIGHT?

ARE LUMENS PER WATT THE ONLY 
IMPORTANT ASPECT OF LIGHT?

WHAT OTHER ATTRIBUTES DO WE LOOK 
FOR IN LIGHT?



WHAT IS THE FUNCTION OF LIGHT?

To see. Clearly. Accurately. Easily. 

� Color Rendering Index: scale from 1 to 100 indicating a lamp’s 
ability to render an object’s color accurately. 100 is the best rating. 

� Color temperature: color as compared to the color of a black 
reference when heated to various temperatures Kelvin.

� Warm range from 2,700 K to 3,000 K
� Neutral range from 3,000 K to 3,600 K
� Cool range from 4,100 K to 6,000 K



Courtesy of Philips Solid State Lighting ��

COLOR TEMPERATURE (KELVIN) & COLOR 
RENDERING INDEX (CRI)



EVALUATING LIGHT BEYOND LPW
TYPE

Lumen Per 
Watt

LIFE (HRS) Kelvin Color
Rendering 

Index

STD INCAN 5-20 750 - 3,000 2800 100

TUNGEN HALOGEN 15-30 2,000 - 4,000 3000 100

COMPACT FLUORESCENT (CFL) 20-85 9,000 – 12,000 2700-5000 100

FULL SIZE FLUORESCENT 60-90 15,000 – 24,000 2700-7500 50-90

METAL HALIDE (HID) 45-100 3,000 – 20,000 3000-6000 65-90

HIGH PRESS SODIUM (LPS) 45-130 16,000 – 24,000 2100-2200 22

LIGHT EMITTING DIOEDS (LED) 45-100 50,000 - 100000 2800-6000 80

Ideal measurements for:
•Kelvin – 3000-3500. Most neutral color; whereas, 
•2700 is yellow & 6000 is blue 
•Throw off colors of surround environment. 
•Offices are often lit at 6000 due to optical requirements of work environment
•Rendering – 80 to 90 is considered very good. 



Average Costs (Residential)

� Recess can – 6” (dimmable switching) 

� Incandescent $30.00 - 50.00 
� Fluorescent $110.00 - $175.00
� LED $100.00 - $120.00

� Under cabinet lighting (dimmable switching)

� Halogen/incandescent $15 lf
� Fluorescent $30 lf
� LED $100 lf

� “Light Bulb” (lamp) (not dimmable)
� Incandescent $    .99
� Fluorescent (screw in) $  6.00
� LED $60.00



APPLICATIONS BY LIGHTING TYPE
� Tungsten Halogen

� Small, specialty applications
� Primarily accent and decorative

� Fluorescent
� General/ambient light
� Replacing “high bay”

Mercury Vapor lights

� Ceramic Metal Halide
� Primarily accent / spot lighting 

� Mercury Vapor (bluish, green light)
� Stadiums, Arenas, Parking Lots

� High Pressure Sodium (orange light)
� Primarily streetlights
� Being phased out due to poor visual 

LED

POTENTIAL TO 
REPLACE 
EXISTING 
LIGHTING 

TECHNOLOGIES



Source: U.S. Department of Energy ��

OUTDOOR AREA LIGHTING

The Edge by Beta Lighting

Parking structure

Outdoor area

Bollard

Wall pack

Canopy



INTERIOR DOWNLIGHTS

Prescolite Gallium
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LED DROP-IN REPLACEMENTS

Mule Lighting Lighting Sciences Group Enlux
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FUTURE - ENVIRONMENTAL

� Fluorescent mercury levels have and will continue to 
drop

� LEDs do not have any mercury, BUT toxic chemicals 
are used in manufacturing

� We need SOMEONE to document the total 
environmental footprint for LED against other lighting 
technologies

� Since so much metal, typically aluminum, is used as 
heat sinks in LED fixtures, hopefully recycling that metal 
is mandated after the fixtures are decommissioned



FUTURE - TECHNOLOGY
� LEGISLATION MANDATING PRODUCT EFFICACY
� COMPETITVE MARKET FORCES MANUFACTURER TO 

RESPOND
� GE WILL DOUBLE LUMENS/WATT FOR INCANDESCENTS

� FLUORESCENT IMPROVES COLOR, LONGIVITY, INTENSITY
� FLUORESCENT MORE RESIDENTIAL (DECORATIVE) 

OPTIONS
� HIGH PRESSURE SODIUM & MERCURY VAPOR OBSOLETE
� LED TECHNOLOGY RECEIVING HEAVY INVESTMENTS

� $21 Million from US Department of Energy 
� EISA 2007 - Award Programs For Alternative Lighting

� 60-Watt Incandescent Replacement Lamp Prize, 
$10,000,000

� PAR Type 38 Halogen Replacement Lamp Prize, 
$5,000,000

� Twenty-First Century Lamp Prize, $5,000,000



FUTURE - LED LIGHTING

� $4.6 billion in 2007
� Projections for 2010 - $11.4 billion
� Future growth from a mix of applications 

� Street/parking (20 percent)

� Residential indoor (17 percent)
� Retail/display (17 percent)

� Office (15 percent)



LIGHTING – BUSINESS IMPLICATIONS

� Philips and GE both face risks as they chart energy-
efficient lighting strategies. 

� Because LEDs last so long, there’s no significant 
replacement market, as there is for incandescent bulbs. 
A typical LED will work for more than 11 years if burned 
12 hours a day.

� To make up for the lost bulb income, Philips gradually 
has maneuvered its way into every corner of the lighting 
market. 



LED - China

� The LED wall contains 
solar panels that harvest 
the sun's rays during the 
day, and uses that energy 
to display a video light 
show at night. 

� Las Vegas Casino 
lighting

� Bill boards – Mini movie 
commericals.



No more mercury

� Japan's Matsushita Electric Works Ltd. developed a fluorescent 
lamp that does not use mercury or a gas-discharging process. 

� The environmentally friendly device, which uses processed silicon, 
could be 50 percent brighter than a conventional fluorescent lamp 
while consuming the same amount of electricity, the company said
in a statement.

� Conventional fluorescent lamps use mercury for discharging gas to 
allow a phosphor to light up.

� But the new device can make xenon gas emit vacuum-ultraviolet 
light causing a phosphor to fluoresce, the statement said.

� Matsushita Electric Works said the new device could join light-
emitting diodes and organic electroluminescence devices as new 
light sources.



LUXIN – THE LATEST IN TECHNOLOGY
� Tic-Tac sized bulb.
� Projects outputs to be 140 

lumens/watt
� Proposed to be twice as 

efficient as LED's & 4x as 
efficient as CFL's.

� Plasma technology 
� $40 Million in VC funds



SUMMARY

� Improve & create new lighting technologies as a simple 
& effective way to slow CO2 emissions. 

� PG&E proproses that by replacing the 4 billion 
incandescent lamps in the US, we could:
� Save $18 billion annually to consumers and 

businesses 
� Reduce energy demand equal to 80 coal-burning 

power plants 
� Reduce carbon emissions by 158 million tons 

annually



APPENDIX



FLUORESCENT

•www.tasklighting.com – residential 
decorative with family groupings.

•www.americanlighting.com - whole 
sale only but online product catalog has 
LED and fluorescent.
•www.metrolighting.com - decorative, 
old world, custom fluorescent pendants.
•www.americanfluorescent.com –
mostly commercial “looks”
•www.environmentallights.com – great 
online resources for “lamps”; specifically 
screw in fluorescents and LEDs.
•www.seagulllighting.com – excellent 
online retail for residential lighting



LED LIGHTING

� LED lighting fixtures by Ilumisys- 3 pendant fixtures; the other & 1 table lamp.
� 600-1000 lumens using 10 to 18 watts of electricity. (55 LPW)
� LEDs from Nichia Corporation, color temperatures of 4200°K & CRI indexes above 

90. 
� LIGHTFAIR International, please contact Bill Wolfson at 614-851-6748.
� Ilumisys, Inc. is a Troy, Michigan-based company focused on next-generation solid-

state lighting technology. The company was formed in 2007. 



LED TECHNOLOGY LEADERS

� Add-Vision Inc. Scotts Valley, CA
� University of California  Los Angeles, CA
� University of Southern California  Santa Cruz, CA
� Cree, Inc. Goleta, CA 
� Philips Lumileds Lighting, LLC.  San Jose, CA
� Georgia Institute of Technology Atlanta, GA
� PhosphorTech Corporation Lithia Springs, GA 
� Philips Lighting Universal Display Corporation Ewing, NJ
� General Electric Niskayuna, NY 
� Crystal IS, Inc. Green Island, NY
� DOE’s Sandia National Laboratories Albuquerque, NM 
� Osram Sylvania Development Inc. Danvers, MA
� Arkema Inc. King of Prussia, PA 
� Lehigh University Bethlehem, PA
� DOE’s Pacific Northwest National Laboratory Richland, WA 



LED - OFFERINGS

� Nexxus Array 
� LED MR16, Array LED PAR16, Array LED PAR30 

and Array LED G4/G6. dimmable cool & warm white .

� Phillips Fortimo downlight module (DLM) 1100
� Delivers 1100 lumens at 62 lm/W. A second version 

of the Fortimo module delivers 2000 lm at 45 lm/W, 
which was initially introduced with a 4000K



Fiber Optic

� No electricity at the point of illumination- fiber o ptic cables 
carry only light to the point of illumination. 

� Ideal for fountains, pools, spas, steam showers or saunas.
� No heat at the point of illumination. Ideal for hea t-sensitive 

materials like food, flowers, cosmetics or fine art .
� No UV rays at the point of illumination – Ideal for museums. 
� Easy and/or remote maintenance - whether the issue i s access 

or convenience, fiber optic systems can make re-lam ping a 
breeze. For fixtures that are difficult to access, the illuminator 
can be located in a place that’s easier to reach, a nd for multiple 
small lights (stair lights, paver lights or chandel iers) changing a 
single illuminator lamp re-lamps every light at onc e.
[http://www.wiedamark.com/] 



RESOURCES

� Information/education
� www.archlighting.com/
� www.home.howstuffworks.com
� ww.energystar.gov
� www.pge.com/pec/



FULL-SPECTRUM NATURAL 
LIGHTING

� The HSL 3000, a hybrid lighting system developed by  
Sunlight Direct, carries the actual light of the su n 
indoors. The system’s 48-inch primary mirror 
concentrates light into a secondary mirror, which 
strips away the infrared and ultraviolet components , 
and directs the visible light into the receiver.

� Hybrid Lighting Blends Solar with Conventional
� The company may offer several versions. Some will 

provide a hybrid with fluorescent bulbs, adjusting 
the fluorescent depending on the amount of sunlight  
available. Others may be a stripped-down sunlight-
only model.



POWER CONVERSION FOR ‘WHITE’ LIGHT SOURCES

Incandescent †

(60W)
Fluorescent †

(Typical linear CW)
Metal Halide ‡ LED

Visible Light 8 % 21 % 27 % 15-25 %

Infrared 73 % 37 % 17 % ~ 0 %

Ultraviolet 0 % 0 % 19 % 0 %

Total Radiant Energy 81 % 58 % 63 % 15-25 %

Heat
(Conduction 
Convection)

19 % 42 % 37 % 75-85 %

Total 100 % 100 % 100 % 100 %

† IESNA Lighting Handbook – 9th Ed.

‡ Osram Sylvania
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�
Best for Pendant Lamps: n:vision Soft White G25 (14  watt), $10 for two

� How Long It Lasts: 8,000 hours (or about six years). 
Why It Outshone the Rest: This globe-shaped bulb looks great in a hanging fixture and casts a soft, flattering 
light that, one tester said, is “ideal above a dinner table.”
To Buy: www.homedepot.com. 

Best for Track Lighting: TCP Springlight BR30 (14 w att), $14 for two

� How Long It Lasts: 8,000 hours. 
Why It Outshone the Rest: Testers liked the “easy on the eyes” pinkish tone that stayed consistent from the get-
go. (A few other bulbs got lighter or darker as they warmed up.)
To Buy: www.springlightstore.com. 

Best for Floor and Table Lamps: GE Energy Smart 60 Dimmable (15 watt), $11

� How Long It Lasts: 10,000 hours (or about 7 1/2 years). 
Why It Outshone the Rest: Most bulbs were too dim to use under a shade — but not this one. Although it’s 
bigger than a standard bulb, it will fit most shades. 
To Buy: www.acehardware.com. 

Best for Task Lamps: Sylvania Daylight Extra (13 wa tt), $5 each

� How Long It Lasts: 8,000 hours. 
Why It Outshone the Rest: The clean, white light will “illuminate your desktop without giving you a headache.” It 
took just 15 seconds to reach full brightness (some took 80). 
To Buy: www.sylvania.com for store locations. 


