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About The Web Conferences 

•	 Monthly 

•	 Topics are structured 
on a strategic 
approach to energy 
management 

•	 Opportunity to share 
ideas with others 

•	 Slides are a starting 
point for discussion 

•	 Open & interactive 



Web Conference Tips 

•	 Mute phone when listening! Improves sound

quality for everyone.

Use * 6 – to mute and # 6 to un-mute


•	 Hold & Music – If your phone system has 
music-on-hold, please don’t put the web
conference on hold! 

• Presentation slides will be sent by email to all 

participants following the web conference.




Today’s Web Conference 

•	 Dan Frering – Lighting Research 
Center at Rensselaer 

•	 Brad Reed – Toyota Motor 
Manufacturing North America 

•	 Questions & Discussion 
•	 Announcements 
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EnergyEnergy--Efficient Lighting
Efficient Lighting 
Technology Update
Technology Update

LightingLighting Research Center
Research Center
Rensselaer Polytechnic Institute
Rensselaer Polytechnic Institute

1
1

©© 20062006 RensselaerRensselaer PolytechnicPolytechnic InstiIns tut tet ,ti u e, Troy,Troy, NYNY 1218012180 USAUSA - All Rights Reserved
All Rights Reserved



-

22

©©20062006 RensselaerRensselaer PolytechnicPolytechnic Institute,Institute, Troy,Troy, NYNY 1218012180 USAUSA - All Rights ReservedAll Rights Reserved

NVLAPNVLAP--accreditedaccredited 
testing laboratorytesting laboratory

30,000 ft30,000 ft²² ofof 
research spaceresearch space 
near campus,near campus, 

RensselaerRensselaer 
PolytechnicPolytechnic 

InstituteInstitute

Research and 
education = 
$4-6 million/year 

Lighting Research CenterLighting Research Center
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AgendaAgenda

•• Super T8sSuper T8s
•• T5 vs. T8T5 vs. T8
•• Pulse Start Metal HalidePulse Start Metal Halide
•• MH vs. Fluorescent in High BayMH vs. Fluorescent in High Bay
•• Lighting ControlsLighting Controls
•• Load ManagementLoad Management 
•• LEDsLEDs
•• Energy Policy Act 2005Energy Policy Act 2005
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Are Super TAre Super T--8s super?8s super?

•• Another name: High Performance TAnother name: High Performance T--8s8s
•• There are no standards that describe what aThere are no standards that describe what a 

““supersuper”” TT--8 is8 is
•• Each manufacturer defines the product differentlyEach manufacturer defines the product differently
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Standard vs. High Performance T8Standard vs. High Performance T8

CEECEE StandardStandard
HPHP T8*T8* T8T8

Mean system efficacy (MLPW)Mean system efficacy (MLPW) > 90> 90 8585--9292
Color rendering indexColor rendering index > 81> 81 7575--8282
Min. initial lamp lumensMin. initial lamp lumens > 3100> 3100 28002800--29002900
Lamp life (hrs)Lamp life (hrs) > 24,000> 24,000 20,00020,000
Lumen maintenanceLumen maintenance > 94%> 94% 90%90%--92%92%

* = Consortium for Energy Efficiency, High Performance T8 Specif* = Consortium for Energy Efficiency, High Performance T8 Specificationsications

httphttp://www.cee1.org/com/com://www.cee1.org/com/com--lt/comlt/com--ltlt--specs.pdfspecs.pdf
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Where do I use Super T8s?Where do I use Super T8s?

•• RetrofitRetrofit
–– OneOne--forfor--one replacement of existing lampsone replacement of existing lamps

•• Increases work surface illuminanceIncreases work surface illuminance
–– Replace lamp and ballast with Super T8 and low ballastReplace lamp and ballast with Super T8 and low ballast 

factor ballastfactor ballast
•• Maintain work surface illuminance and reduce energyMaintain work surface illuminance and reduce energy 

requirements by 14%requirements by 14%
–– Redesign lighting system, reduce number of fixturesRedesign lighting system, reduce number of fixtures

•• Maintain work surface illuminance and reduce energyMaintain work surface illuminance and reduce energy 
requirements by 16%requirements by 16%
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Where do I use Super T8s?Where do I use Super T8s?

•• New construction/remodelingNew construction/remodeling
–– Design lighting system with Super T8Design lighting system with Super T8

•• Use less fixtures and less energy, assumingUse less fixtures and less energy, assuming 
necessary fixture spacing can be achieved (lowernecessary fixture spacing can be achieved (lower 
first cost and operating cost)first cost and operating cost)

–– Design lighting system with Super T8 and low ballastDesign lighting system with Super T8 and low ballast 
factor ballastfactor ballast
•• Use same number of light fixtures; energy needs areUse same number of light fixtures; energy needs are 

reduced by 14% (lower operating cost)reduced by 14% (lower operating cost)
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Reduced Wattage TReduced Wattage T--8 Options8 Options

Description Watts CCT K CRI Initial 
Lumens 

Mean 
Lumens 

Rated 
Life* 

Standard T8 - 800 series Lamps 32 
3000 
3500 
4100 

86 2,950 2,800 20,000 

Super T8 Lamps 32 
3000 
3500 
4100 

86 3,100 2,950 30,000 

25 
3000 
3500 
4100 

85 2,400 2,280 
25,000 
(12-hr. 
Start) 

30 
3000 
3500 
4100 

86 2,900 2,750 20,000 

28 
3000 
3500 
4100 

82 2,725 2,560 18,000 

Energy Saving Lamps 
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T5 vs. T8T5 vs. T8

•• Which is more efficient?Which is more efficient?
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What is a T5?What is a T5?

•• TheThe ““TT”” represents lamprepresents lamp 
shapeshape––tubular.tubular. 

•• The number followingThe number following 
represents lamp diameterrepresents lamp diameter 
in eighths of an inch. A T5in eighths of an inch. A T5 
has a diameter of 5/8has a diameter of 5/8””.. 

•• A T5 has a miniature biA T5 has a miniature bi--
pin base while T8 and T12pin base while T8 and T12 
lamps use medium bilamps use medium bi--pinpin 
bases.bases. 
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T5 lumen maintenance vs. T8?T5 lumen maintenance vs. T8?

•• Both T5 and T5HO lampsBoth T5 and T5HO lamps 
keep a better lumenkeep a better lumen 
maintenance level than T12maintenance level than T12 
and most T8 lamps.and most T8 lamps. 

•• They are claimed to retainThey are claimed to retain 
95%95% of light output at 8,000of light output at 8,000 
burning hours (40% of ratedburning hours (40% of rated 
average life).average life). 

•• An improved phosphorAn improved phosphor 
coating reduces mercurycoating reduces mercury 
absorption, leading to aabsorption, leading to a 
higher lumen maintenancehigher lumen maintenance 
value.value.

(Online catalog of Philips Lighting) 
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Do T5 lamps provide more light thanDo T5 lamps provide more light than 
standard T8 lamps?standard T8 lamps?

•• Ambient temperatureAmbient temperature 
significantly affectssignificantly affects 
light outputlight output

•• T5s rated @35T5s rated @35°°CC
•• Ballast loss is anotherBallast loss is another 

factorfactor 
–– The maximum system efficacy at the optimalThe maximum system efficacy at the optimal 

temperature for each lamptemperature for each lamp--ballast system (T5 and T8)ballast system (T5 and T8) 
appears to be nearly identical on averageappears to be nearly identical on average
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838390900.900.905959818188880.880.8859598585929232322,7142,7142,9502,950F32T8F32T8

858575751.001.00117117858575751.001.001171179393818154545,0005,0004,4004,400F54T5HOF54T5HO

949484841.001.006262838375750.900.906363104104939328282,9002,9002,6102,610F28T5F28T5

3535°°CC
lm/Wlm/W

2525°°CC
lm/Wlm/WBFBFInputInput 

(W)(W)
3535°°CC
lm/Wlm/W

2525°°CC
lm/Wlm/WBFBFInpuInp tut

(W)(W)3535°°CC2525°°CC(W)(W)3535°°CC2525°°CC

Manufacturer BManufacturer BManufacturer AManufacturer AEfficacyEfficacy 
(lm/W)(lm/W)WattWattInitial lumenInitial lumen 

(lm)(lm)

LampLamp--ballast system efficacyballast system efficacyLamp efficacyLamp efficacy

Lamp tyLamp pepty e

T5 vs. T8T5 vs. T8

•• Catalog dataCatalog data
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Optical Efficiency:Optical Efficiency: 
11--lamp T5HO vs. 2lamp T5HO vs. 2--lamp T8lamp T8

(a) 1-T5HO

 (b) 2-T8 
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T5 Lamps: ConclusionsT5 Lamps: Conclusions

•• Where should T5s be used?Where should T5s be used?

Lower ceiling heightLower ceiling height

Smaller # of luminairesSmaller # of luminaires

Similar system efficacySimilar system efficacyLower running costLower running cost

SmallSmall<=Project=><=Project=>LargeLargeLower initial costLower initial cost 

Higher uniformityHigher uniformity

HigherHigher--end designend design

T8T8T5T5T5HOT5HORequirementsRequirements
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Pulse Start Metal HalidePulse Start Metal Halide

•• Range of wattageRange of wattage -- 50 to 450 W50 to 450 W
•• Lamp efficacyLamp efficacy of 60of 60--100 lm/W100 lm/W
•• Color rendering index 65Color rendering index 65 –– 75 or better75 or better
•• Formats available ED17, 28 & 37Formats available ED17, 28 & 37 
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ProbeProbe--start vs. Pulsestart vs. Pulse--startstart

•• PulsePulse--startstart 
––Faster warmFaster warm--up and restrikeup and restrike
––Improved efficacyImproved efficacy
––Longer lamp lifeLonger lamp life 
(up to 50%)(up to 50%)
––Improved lumenImproved lumen 
maintenance (33%)maintenance (33%)
––Improved colorImproved color 
stability overstability over lifelife

http://www.lrc.rpi.edu/programs/nlpip/publicationhttp://www.lrc.rpi.edu/programs/n Details.asp?id=Dlpip/publication etails.asp?id=882&type=2882&type=2
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HID vs. Fluorescent for High BayHID vs. Fluorescent for High Bay 
ApplicationsApplications

•• Which works better?Which works better?
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Why use fluorescent lighting?Why use fluorescent lighting?

•• Uses 10%Uses 10%--20% less energy20% less energy
•• Can beCan be dimmed, switcheddimmed, switched
•• Can be controlled by motion sensorCan be controlled by motion sensor
•• Linear source, good for lighting vertical surfacesLinear source, good for lighting vertical surfaces
•• Longer life (24,000 hours)Longer life (24,000 hours)
•• Better/more consistent colorBetter/more consistent color
•• If using fluorescent lighting in high bayIf using fluorescent lighting in high bay 

applications, ensure fixture optics are suited forapplications, ensure fixture optics are suited for 
this purposethis purpose
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Why use metal halide?Why use metal halide?

•• Fewer fixtures to install (lower initial cost)Fewer fixtures to install (lower initial cost)
•• Fewer lamps to stock and changeFewer lamps to stock and change
•• BiBi--level operationlevel operation
•• Newer metal halide lamps provideNewer metal halide lamps provide 

–– Better color rendering than older technologyBetter color rendering than older technology 
–– Higher maintained lumens per watt (pulse start) thanHigher maintained lumens per watt (pulse start) than 

older technologyolder technology
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Automatic ShutAutomatic Shut--off Lighting Controlsoff Lighting Controls

•• Time clocksTime clocks
•• Occupancy sensorsOccupancy sensors
•• Panel relaysPanel relays
•• Centralized controlsCentralized controls

•• These work, but implementation depends onThese work, but implementation depends on 
wiring, installation, commissioning, etc.wiring, installation, commissioning, etc.
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Motion/Occupancy SensorMotion/Occupancy Sensor
Technology IssuesTechnology Issues

•• Three technology typesThree technology types
–– InfraredInfrared
–– UltrasonicUltrasonic 
–– Dual technologyDual technology

•• All are mature technologiesAll are mature technologies
•• Excellent payback potentialExcellent payback potential
•• Work well with properWork well with proper 

selection and positioningselection and positioning
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Motion Sensor EconomicsMotion Sensor Economics

•• How much energy do occupancy sensors save?How much energy do occupancy sensors save?

OwnedOwned SharedShared
SpaceSpace SpaceSpace

Sporadic Use:Sporadic Use: 25%25% 40%40%
Scheduled Use:Scheduled Use: 30%30%

•• However, savings for a specific space may varyHowever, savings for a specific space may vary 
from these mean numbers.from these mean numbers.



-

2424

©©20062006 RensselaerRensselaer PolytechnicPolytechnic Institute,Institute, Troy,Troy, NYNY 1218012180 USAUSA - All Rights ReservedAll Rights Reserved

Photosensor Technology IssuesPhotosensor Technology Issues

•• Analog design of control algorithm makes itAnalog design of control algorithm makes it 
difficult to accurately adjust the photosensordifficult to accurately adjust the photosensor 
during commissioningduring commissioning

•• Lack of manual controls toLack of manual controls to 
adjust photosensor toadjust photosensor to 
individual preferencesindividual preferences

•• Minimal integration withMinimal integration with 
other lighting controls, i.e.,other lighting controls, i.e.,
occupancy sensorsoccupancy sensors

•• Can save 20 to 40% of lighting energy if installedCan save 20 to 40% of lighting energy if installed 
and commissioned properlyand commissioned properly
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Fluorescent Lamps WerenFluorescent Lamps Weren’’tt 
Designed for DimmingDesigned for Dimming 

•• What compatibilityWhat compatibility 
issues exist to allowissues exist to allow 
fluorescent lamps andfluorescent lamps and 
dimming ballasts todimming ballasts to 
work together withoutwork together without 
degradation to lampdegradation to lamp 
life?life?



-

2626

©©20062006 RensselaerRensselaer PolytechnicPolytechnic Institute,Institute, Troy,Troy, NYNY 1218012180 USAUSA - All Rights ReservedAll Rights Reserved

Daylighting Controls: Making Them WorkDaylighting Controls: Making Them Work

••Daylighting controls require:Daylighting controls require:
–– Proper selection of the correctProper selection of the correct 

controller for the designcontroller for the design 
situationsituation

–– Proper location of the controlsProper location of the controls
–– Proper adjustment to ensureProper adjustment to ensure 

correctcorrect operationoperation

SeeSee ““Daylight Dividends ProgramDaylight Dividends Program””
http://www.lrc.rpi.edu/programs/daylighting/index.asphttp://www.lrc.rpi.edu/programs/daylighting/index.asp
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Lighting and Load ManagementLighting and Load Management

•• Position: Lighting is an ideal electric end usePosition: Lighting is an ideal electric end use 
for load managementfor load management

–– Available in virtually every buildingAvailable in virtually every building
–– Easy to controlEasy to control
–– Easy to measure the resultsEasy to measure the results
–– The load reduced is repeatableThe load reduced is repeatable
–– Can reduce the amount of lighting rather thanCan reduce the amount of lighting rather than 

turn it off, thereby preserving productivityturn it off, thereby preserving productivity
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Panel level lighting reducersPanel level lighting reducers

•• Installed on entire lighting circuitsInstalled on entire lighting circuits
•• Can be used on fluorescent orCan be used on fluorescent or 

HID lightingHID lighting
•• Reduces voltage to the ballastsReduces voltage to the ballasts
•• Reduce power by 25%Reduce power by 25%
•• Cannot be used with selfCannot be used with self 

regulatingregulating ballastsballasts

See NLPIP publication, Lighting 
Circuit Power Reducers: 

http://www.lrc.rpi.edu/programs/nlpip/publicatio 
nDetails.asp?id=218&type=1 



-

2929

©©20062006 RensselaerRensselaer PolytechnicPolytechnic Institute,Institute, Troy,Troy, NYNY 1218012180 USAUSA - All Rights ReservedAll Rights Reserved

LoadLoad--shedding ballast systemshedding ballast system

Sponsors: CL&P, CEC, NYSERDA 
Manufacturing Partners: OSI, Intech 21 
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Efficacy & projected efficacy of LEDsEfficacy & projected efficacy of LEDs

White LED (R&D) 

Incandescent 

Projected for SSL 

Fluorescent 

0 

50 

100 

150 

200 

250 

1990 2000 2010 2020 

Year 

Ef
fic

ac
y 

(lm
/W

) 

White LED (commercial) 

OIDA Technology Roadmap update 2002 
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LED products: HighLED products: High--powerpower

•• All major manufacturers now have at least a 1All major manufacturers now have at least a 1--W LEDW LED 
versionversion

34346060Cree (Xlamp)Cree (Xlamp)

21212828 -- 120120OSRAM OptoOSRAM Opto

2424 -- 31313232 -- 4242NichiaNichia

1717 -- 30302020 -- 120120LumiledsLumileds

EfficacyEfficacy (lm/W)(lm/W)Flux per device (lm)Flux per device (lm)

See manufacturers’ data sheets for exact values 

©Cree – XLamp

 ©L

umileds – Luxeon ©Nichia – Jupiter ©OSRAM Opto – Dragon 
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LEDs for general illumination?LEDs for general illumination?

•• IncandescentIncandescent 2525 l/wl/w
•• White LEDsWhite LEDs 2020––3030 l/wl/w
•• FluorescentFluorescent 9090––100100 l/wl/w

White LEDs are not ready for general illumination.White LEDs are not ready for general illumination. 
However, they are ready for niche use to replaceHowever, they are ready for niche use to replace 
incandescent.incandescent.
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LED products: LuminairesLED products: Luminaires

•• Hundreds of products at every trade showHundreds of products at every trade show
–– Colored applicationsColored applications –– RGBRGB 
–– General illuminationGeneral illumination –– whitewhite

•• Adjustable color temperatureAdjustable color temperature

©Color Kinetics 3000 K 3500 K 

6500 K 

©io Lighting ©Lumileds 
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Outdoor signageOutdoor signage

•• Commonly used lightCommonly used light 
sources:sources:
–– Cold cathode fluorescentCold cathode fluorescent
–– NeonNeon 

•• LEDs are becoming aLEDs are becoming a 
viable alternativeviable alternative

www.comfortrol.com 

Chiplite 

Chiplite 
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Retail Display WindowsRetail Display Windows

•• The goals of display windowsThe goals of display windows
–– Capture attentionCapture attention 
–– Visually pleasingVisually pleasing 
–– Convey a messageConvey a message 
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white/white 

color/white 

Retail display windowsRetail display windows

•• Goal of the experimentGoal of the experiment
–– To investigate the application of coloredTo investigate the application of colored 

LEDs to retail display windows andLEDs to retail display windows and 
quantify their performancequantify their performance

•• Attention captureAttention capture
•• Visual appealVisual appeal
•• Energy savingsEnergy savings

•• During the experiment, backgroundDuring the experiment, background 
luminance was unchangedluminance was unchanged

•• Accent light was reduced in stepsAccent light was reduced in steps
–– 100%, 50%, 30%100%, 50%, 30%
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Survey resultsSurvey results

•• Compared with the typical lighting, colored LEDsCompared with the typical lighting, colored LEDs 
maintained or improved shoppersmaintained or improved shoppers’’ opinions of theopinions of the 
display windows.display windows.
–– Opinions significantly improved when blue LEDs wereOpinions significantly improved when blue LEDs were 

combined with a 30% power reductioncombined with a 30% power reduction
–– Blue LEDs combined with a 50% power reductionBlue LEDs combined with a 50% power reduction 

produced no significant difference in opinionproduced no significant difference in opinion
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Refrigerated display casesRefrigerated display cases

•• Limitations of fluorescent lightingLimitations of fluorescent lighting
–– Poor lightingPoor lighting

•• Uneven light/heat distributionUneven light/heat distribution
–– Low application effiLow applicat cacyion efficacy
–– FragileFragile
–– Shortened lamp lifeShortened lamp life

•• At cold temperatures, the light output ofAt cold temperatures, the light output of 
–– Fluorescent lamps drop ~ 25%Fluorescent lamps drop ~ 25%
–– LED light sources remain nearly constantLED light sources remain nearly constant
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Refrigerated display casesRefrigerated display cases

•• Goal of the experimentGoal of the experiment
–– To develop an LEDTo develop an LED--based lighting system and comparebased lighting system and compare 

it with the traditional lighting systemit with the traditional lighting system

Total flux 
1200 lm 

Total flux 
2100 lm 

fluorescent lamp 

LEDs 
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SummarySummary

•• LEDs are evolving very rapidlyLEDs are evolving very rapidly
•• Currently there are many niche applications forCurrently there are many niche applications for 

LEDsLEDs
–– Consumer electronicsConsumer electronics
–– Automotive/transportationAutomotive/transportation
–– Full color dynamic displaysFull color dynamic displays
–– Architectural lighting (colored and white)Architectural lighting (colored and white)

•• Exploiting the unique attributes of LEDs will leadExploiting the unique attributes of LEDs will lead 
to successful applicationsto successful applications
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Energy Policy ActEnergy Policy Act 20052005 –– Tax DeductionsTax Deductions 

For buildings brought on line after January 1, 2006, the EnergyFor buildings brought on line after January 1, 2006, the Energy 
Bill designatedBill designated ““interim rulesinterim rules”” for lighting systems.for lighting systems.

•• Systems that are at least 40% more efficient (except inSystems that are at least 40% more efficient (except in 
warehouses) than the requirements of ASHRAE 90.1warehouses) than the requirements of ASHRAE 90.1--20012001 
Tables 9.3.1.1 (bTables 9.3.1.1 ( uilding area method) and 9.3.1.2 (space bybuilding area method) and 9.3.1.2 (space by 
space) get the full $0.60/space) get the full $0.60/ sfsf deduction.deduction.

•• Systems that are 25% more efficient get $0.30 / square footSystems that are 25% more efficient get $0.30 / square foot 
deduction (except warehouses with 50% min rule).deduction (except warehouses with 50% min rule).

•• Interpolate in between (30% = $0.40/sf, 35% = $Interpolate in between (30% = $0.40/sf, 35% = $0.50/sf)0.50/sf)
http://www.energy.gov/taxbreaks.htm 
http://www.cee1.org/resrc/news/06-01nl/06_epact.html 
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Additional information:
Additional information:
www.lrc.rpi.edu
www.lrc.rpi.edu
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Historical Background 

Toyota Motor Manufacturing 

North America-TMMNA


• 6 Assembly plants-NAMCs 
• 3 Engine Plants 
• 4 Unit plants (Casting, wheels, etc)

• Production > 1.6M vehicles/year 

2 



TMMNA Historic Lighting 
• 

– 

• 
– 

Space lighting technology

400W HID


• Energy = 458W = 400W lamp + 58W Ballast 
• High initial lumens with rapid drop 

– At EOL lumens level is 40% of new 
• ~3700 Kelvin color temperature 
• CRI 65  
• 24,000 hour life (3 production years) 

Process (task) lighting 
4’ and 8’ T-12 HO and VHO 3500 K lamps. 

• Energy 77/111 and 130/228 Watt/lamp. 
• Relatively high lumen loss 

– EOL lumens as low as 60% of new 
• 3500 Kelvin 
• CRI 60-80 
• 10-12,000 hour life (~2 production years) 
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TMMNA Lighting Improvement Φ 1 

•	 Space Lighting 
–	 Replaced 400W MVR with 360W using same ballast 
–	 Energy reduction of 50 Watts/fixture 
–	 CRI and lumen depreciation unchanged 
–	 Color temperature may be between 3700-4000 Kelvin 

•	 Task lighting retrofit 
–	 Replacement of T-12 3500K lamps with 


F32T8SP/SPX41standard and HO lamps

–	 Energy reduction 

•	 4’ lamps 77/111 W  ⇒ 32 W/lamp 
•	 8’ lamps 130/228W ⇒ 86 W/lamp 

–	 CRI 60-80 ⇒ 81-86 
–	 Color temperature 3500K  ⇒ 4100K 
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TMMNA Phase Φ 2

Lighting Improvement Goals


• Space Lighting 
– Reduce energy consumption 
– Improve lighting quality 
– Set standard building lighting illuminance level 

• Evaluate Scotopic/Photopic lighting concepts 
• Utilize IESNA illuminance level recommendation 

– The IESNA Lighting Handbook, Ninth Edition, Figure 10-9, page 10-13. 
– Reduce new construction cost 
– Eliminate or minimize lumen depreciation 
– Maintain or increase lamp life 

• Task Lighting 
– Reduce energy consumption 
– Maintain or improve lighting conditions 

• Use the appropriate amount of light for the task 
• Evaluate Scotopic/Photopic lighting concepts 
• Utilize IESNA illuminance level recommendation 

– The IESNA Lighting Handbook, Ninth Edition, page 19-13~21 
– Improve lighting quality 
– Minimize lumen depreciation 
– Maintain or increase lamp life 
– Evaluate safety concerns over broken lamp tubes 
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Some Background: 

Optic Nerve 

Retina 

Lens 

Iris 

Pupil 

Cornea 

Fovea 

The Retina contains 
120 million Rods and 
6 million Cones 



Distribution of Rods and Cones over Retina


Note: No Rods in Fovea 

As many as 100 Rods Converge 
On a single Optic Nerve Fiber 

Peak Rod Density ~17 deg from 
Fovea 

Cones see Photopically 

Rods see Scotopically 
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Some Background: 

Scotopic and Photopic Functions 

V’(λ) 

V(λ) 

Photopic Curve 
Color Vision (1923) 

Scotopic Curve 
Rod Vision (1956) 
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Some Background: 

The LUMEN, and the FOOTCANDLE, are

Based on the Photopic Sensitivity Curve


The LUMEN is the only SI Unit Based on Human Response 

The Photopic Sensitivity Curve is Based on the Central 

2 Degrees of our Vision, and only at Light Levels that


Activate our Cones!


Catalog Lumen Ratings are generated by Summing the 
Product of Lamp Energy at Each Wavelength of the Lamp 
Spectral Power Distribution (SPD) Curve times the 

Photopic Curve Weighting Factor and then Multiplying 
by a Constant. 
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Scotopic and Photopic Functions 

800Photopic Curve V(λ) = 683 Σ PλVλ∆λColor Vision (1923) 360 

780Scotopic Curve 
Rod Vision (1956)V’(λ) = 1700 Σ PλV’λ∆λ 

380 

Where Pλ = spectral power, in watts, of the source at wavelength λ 

Vλ = luminous efficiency function value at λ 

∆λ = interval over which values of the spectral power were measured 
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The SPD of the Lamp Determines the Lamp’s 
Color Temperature, CRI, and Lumen Rating 

Photopic Lumens are Based on CONE Sensitivity 

Standard lumens only measure photopic light 

Scotopic Lumens are Based on ROD Sensitivity 

Every Lamp will Usually have a Different Photopic 
and Scotopic Lumen Rating 
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Calculating “Lumens” 

Spectral Power Distribution - Lucalox 
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Calculating “Lumens” 
Spectral Power Distribution - Lucalox 
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COLOR ISSUES 
Spectral Power Distribution - Lucalox 
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COLOR ISSUES


Spectral Power Distribution - MultiVapor


300 350 400 
450 

500 
550 

600 650 700 750 

PhotopicPhotopic

36,000 Lumens 

ScotopicScotopic

53,640 Lumens 
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Some Examples:


Lamp Photopic 
Lumens 

Scotopic 
Lumens 

S/P 
Ratio 

400 Watt Lucalox 51,000 31,620 0.62 

400 Watt MultiVapor 36,000 53,640 1.49 

F32T8/SPX50 2,750 5,500 2.0 
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The S/P Ratio is the Scotopic Lumens Divided by 
The Photopic Lumens for any Lamp 

For Ease of Understanding – the Higher the S/P Ratio, 
The More “Bluish” the Lamp Appears 
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S/P Ratio = Scotopic Lumens 
Photopic Lumens 

High S/P Ratio (>1.0) Indicates More Radiant 

Energy in the Blue End of the Spectrum


Many Lighting Designers today say they won’t 

use a lamp with less than 1.4 S/P ratio Indoors!


Ex: HPS - .4  MH – 1.5  SP30 – 1.3  SP35 – 1.4

SP41 – 1.6  SPX50 – 2.0  SPX65 – 2.3
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Lighting Efficiency 

S/P Ratio Method


(Credited to Dr. Sam Berman – LBL) 

•	 Obtain Scotopic/Photopic Ratios from lamp 
manufacturers. 

•	 These ratios can be used to determine more 
accurate visual efficiencies for these tasks: 

Std. 
Lumens Ratio Brightness 

Perception 
Reading 

Paper 
Computer 

Tasks 

P (S/P) P x (S/P) 0.5 P x (S/P)0.78 P x (S/P) 

• This method is not yet recognized by IESNA

Courtesy of Stan Walerczyk, Brian Liebel 
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The Scotopic Benefit: 
Increase in energy efficiency when 
considering full field visual effect 

SPX50 

SP35 

Lamp 

+ 50%+ 38%+ 25% 

176.7159.7131.52.093 

123.7115.1104.91.3989 

Computer 
Tasks 
P(S/P) 

Paper 
P(S/P)0.78 

Brightness 
P(S/P) 0.5 

S/P 
Ratio 

Efficacy 
(P) 

S/P Ratio Example

Compare SP35 to SPX50


fluorescent lamps


This method is not yet recognized by IESNA 

Courtesy of Stan Walerczyk, Brian Liebel 
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360 W MVR vs 6 lamp F28T8 
Standard Lumen Comparison 

(The old way.) 

1.15 20,00094% 2750F28T8 6System 2: 

120,00062% 36000 MPR360/VBU/WM/0 1System 1: 

Brallast Factor Life (hr.) Mean Lumens 
(%) 

Rated Initial 
Lumensr Lamp # lamps /fixture 

System Lumen Maintenance Comparison 

0 

5000 

10000 

15000 

20000 

25000 

30000 

35000 

40000 

0 5000 10000 15000 20000 Hours 

Lumens 

1 MPR360/VBU/WM/0 
6 F28T8 

(c) 2004 General Electric Company.  All Rights Reserved. 
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360 W MVR vs 6 lamp F28T8 
S_P Lumen Comparison 

(The new way) 

1.15 20,00094% 4700F28T8 6System 2: 

120,00062% 53200 MPR360/VBU/WM/0 1System 1: 

Brallast 
Factor Life (hr.) Mean Lumens 

(%) 
Rated Initial 

Lumensr Lamp # lamps /fixture 

System Lumen Maintenance Comparison 

0 

10000 

20000 

30000 

40000 

50000 

60000 

0 5000 10000 15000 20000 Hours 

Lumens 

1 MPR360/VBU/WM/0 
6 F28T8 

(c) 2004 General Electric Company.  All Rights Reserved. 
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TMMI Measured Result 
(Standard Lumens) 

AfterBefore 
Area bounded by 1B29-1D31 is presently lit with 360W HID lamps using Install energy saving 6 lamp HIFs.   Calculate energy savings and measure foot 

400W ballasts. candles in the re-lamped area (1B29-1D30.5). 

Calculated energy savings of 47%. 

Measured light levels in relamped area greatly exceed levels in adjacent area. 

Average lumens Average lumens 

in area in area 

bounded by bounded by 

1B29-1D31 1B29-1D31 

13.8 20.4 

Average photopic- Average photopic-

scotopic lumens scotopic lumens 

in area bounded in area bounded 

by 1B29-1D31 by 1B29-1D31 

18.6 34.1 

1D29 1D30 1D31 

1B29 1B30 1B31 

18.5 24.1 

17.6 

29.5 

27.1 

29.1 

17.8 

30.0 

21.6 15.2 

21.6 

18.2 

17.1 

16.4 18.1 17.1 18.1 12.8 14.1 13.4 15.2 

18.9 20.1 26.1 16.1 15.7 13.7 16.8 

18.1 14.1 13.8 13.1 17.1 29.7 

28.8 28.2 20.1 17.1 16.1 19.2 

19.2 14.9 13.8 19.5 23.1 

19.9 24.5 19.1 23.6 19.1 16.1 12.4 13.2 

13.3 12.1 13.2 14.1 17.5 17.8 20.8 16.3 

23.9 19.1 24.9 18.9 15.8 13.4 15.8 

1D29 1D30 1D31 

1B29 1B30 1B31 

14.1 13.4 15.2 

15.7 13.7 16.8 

18.1 14.1 13.8 

17.1 16.1 19.2 

19.2 14.9 

16.1 12.4 13.2 

13.3 12.1 13.2 

15.8 13.4 15.8 

13.4 

12.4 

13.3 

12.1 

13.2 

12.1 

12.4 

14.1 

13.4 

12.4 

13.3 

12.1 

13.2 

12.4 

15.2 

16.8 

18.1 

19.2 

19.2 

13.2 

13.3 

15.8 

13.2 

15.2 

16.8 

18.1 

15.8 

15.2 

13.4 13.9 

15.8 

12.4 

13.1 

12.4 

12.1 

13.4 

12.4 

12.1 

13.4 

14.1 

14.3 

13.8 

14.4 

12.4 

12.6 

12.8 

13.3 



     

NUMMI T8NUMMI T8--HIF Demo
HIF Demo
HIF RETROFIT RESULTS 

Test Area 

Measurements taken with EXTECH Mopdel 407026 
H = Reading 5 feet off finished floor, directly under lamp. 
V = Reading with lens vertical and on surface of outside parts rack at mid height. 

L M N P Q 
30 

29 

28 

27 

H 28.1 f-c 
V 5.6 f-c 

H 41.2 f-c 
V 13.2 f-c 

H 11.1 f-c 
V 5.8 f-c 

H 31.5 f-c 
V 12.3 f-c 

H 18.2 f-c 
V 5.8 f-c 

H 39.6 f-c 
V 7.1 f-c 

H 15.8 f-c 
V 4.7 f-c 

H 36.8 f-c 
V 7.7 f-c 

H 21.5 f-c 
V 6.8 f-c 

H 40.7 f-c 
V 8.1 f-c 

H 17.3 f-c 
V 5.9 f-c 

H 34.5 f-c 
V 6.7 f-c 

H 15.6 f-c 
V 6.1 f-c 

H 41.2 f-c 
V 7.6 f-c 

H 23.0 f-c 
V 6.3 f-c 

H 34.8 f-c 
V 7.5 f-c 

H 4.0 f-c 
V 2.6 f-c 

H 35.8 f-c 
V 7.1 f-c 

H 16.7 f-c 
V 4.7 f-c 

H 40.8 f-c 
V 7.8 f-c 

H 24.6 f-c 
V 6.9 f-c 

H 48.5 f-c 
V 9 f-c 

H 10.0 f-c 
V 4.1 f-c 

H 35.7 f-c 
V 7.3 f-c 

•	 6-Lamp T8 HIF fixture test bank has been installed in PC 

•	 Before Avg. FC = 17 After Avg. FC = 38 

•	 Overall
 L

ight
 Q

uality
 i

mproved 

•	 T/Ms in area are very satisfied – stated kanban cards are much easier 
to read 24 



TMMNA Lighting Improvement Results


• Space Lighting 
– Reduce energy consumption – identified savings 

• F32T8 > 36,920,000 kWH 
• F28T8 > 38,500,000 kWH 

– Improve lighting quality 
• CRI 65 ⇒ 83 

– Set standard building lighting illuminance level 
• 15 lumens 

– Reduce new construction cost 
• $33/fixture 

– Eliminate or minimize lumen depreciation 
• 60%+ ⇒ 8% maximum 

– Maintain or increase lamp life 
• No change 
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TMMNA Lighting Improvement Results


• Task lighting 
– Reduce energy consumption 

• F32T8 ⇒ F28T8 = 4,000,000 kWH 
– Maintain or improve lighting conditions 

• Maintained 
– Improve lighting quality 

• Color Temp 4100k ⇒ 5000k 
• CRI 83 ⇒ 83 

– Minimize lumen depreciation 
• 9%  ⇒ 8% 

– Maintain or increase lamp life 
• Maintained 

– Evaluate safety concerns over broken lamp tubes 
• Evaluated shatterproof lamps 
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Questions
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Scotopic Photopic Meter 

• Solar Light PMA2200 
– Reads: 

• Photopic Light 
• Scotopic Light 

– Calculates and measures 
• Brightness 
• S/P Ratio  
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Questions & Comments




Change A Light 

•	 ENERGY STAR Change A Light Day –
October 4, 2006 

•	 Corporate pledge drive planned 

•	 Great employee outreach activity! 

•	 Specialized web resources will be 
developed for employee pledge
campaigns 

– Sample E-mails for employees 
– Materials Employees 
– Programs & material for schools 

•	 Web based mechanism for tracking 
pledge drives/ 

• Campaign web site coming this spring!




Upcoming Web Conferences 

April 19 – Leading Energy Management 
Programs 

May 17 – High Performance HVAC 

Download past web conference presentations at:

www.energystar.gov/networking




Thank you for participating!
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