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Ban the bulb!
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What over watts?

ÈWe use luminous efficacy (lm/W) to 
compare the effectiveness of lighting 
systems

12 lm/W 55 lm/W

100 lm/W

35 lm/W
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What over watts?

ÈSimple, fundamental questions

üWhat do we mean by efficacy (as opposed to 
efficiency)?

üIn general, efficacy is benefit/cost

üIn lighting, efficacy is lumens/watt

üWhat does lumens/watt really mean?
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What does lumens/watt really mean?

ÈConceptual definition
üRadiant energy 

capable of creating a 
visual sensation

ÈOfficial definition
üRadiant energy 

weighted by the 
photopic luminous 
efficiency function, 
V( )
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What is V( )?

ÈBasis for V( )

üFlicker photometry
(mainly)

2°
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What is V( )?

ÈWhy flicker?

üPrecision and repeatability 
(CIE, 1924)

üRelated to speed of visual 
performance

ÅSocietally important in early 20th 
century
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V( )-like responses

ÈReaction times

üAlso appears to capture response speed (Lennie et al., 
1993)

ÈVisual performance (Smith and Rea, 1980)

ÈVisual acuity (Luckiesh, 1912)

ÈMinimally distinct border (Boynton and 
Kaiser,1968)

üDifferent visual channel (high spatial resolution, longer 
integration time)

üBut rely on same photoreceptors (foveal cones)
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What over watts?

Source lm/W Mesopic/W Brightness/W CircadianStimulus/WV /WDG

Incandescent 12 12 12 1212

CFL 2700 K 55 47 56 3755

T8 fluorescent 3000 K 100 86 101 7499

T8 fluorescent 4100 K 100 109 101 65107

T8 fluorescent 6500 K

T12 fluorescent 7500 K

90

55

122

79

99

64

152

86

98

59

Metal halide 95 108 97 8497

White LED 35 52 41 8138
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Lumens per watt

ÈBut there are actually two formal definitions 
of light 

üPhotopic and scotopic
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Lumens per watt

ÈFrom a lighting perspective scotopic doesnôt 
matter much, but mesopic (photopic + 
scotopic) does 
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Dynamic range of human vision compared to 
range of electric lighting

Adapted from 
Sekuler and Blake, 1990



© 2008 Rensselaer Polytechnic Institute. All rights reserved.

13

0.00

0.25

0.50

0.75

1.00

400 500 600 700

Wavelength (nm)

Luminous efficiency

Mesopic luminous efficiency functions

Vmes = (X)V(ɚ)+  (1-X)Vô(ɚ) 

(mesopic = cones + rods)

X = 0.40

L = 0.22 cd/m2
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Unified System of Photometry

ÈValues of X for 
different light levels in 
terms of photopic (V ) 
luminance (cd/m²), 
and different light 
source spectral power 
distributions in terms 
of S/P (ratio of scotopic 
[Vô] to photopic [V ] 
lumens)

Rea et al., 2004

Vmes = X V + (1ïX) Vô



© 2008 Rensselaer Polytechnic Institute. All rights reserved.

15

Mesopic lumens per watt

È Illuminance [V( )] and normalized power requirements for different 
light sources needed to provide equivalent values of X
(ref: 400 W HPS @ 0.6, 0.3 and 0.1 cd/m²; 0.07 reflectance)

Light source X = 1.00 X = 0.44 X = 0.12
(S/P ratio) @ 0.6 cd/m² @ 0.3 cd/m² @ 0.1 cd/m²

Illuminance Power Illuminance Power Illuminance Power
(lux) (%) (lux) (%) (lux) (%)

180W LPS (0.25) 26.9 69% 16.0 82% 7.6 118%

400 W HPS (0.66) 26.9 100% 13.5 100% 4.5 100%

400 W MH (1.57) 26.9 119% 10.0 88% 2.4 63%

Fl. 6500 K (2.19) 26.9 130% 8.5 82% 1.8 52%
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Source lm/W Mesopic/W Brightness/W CircadianStimulus/WV /WDG

Incandescent 12 12 12 1212

CFL 2700 K 55 47 56 3755

T8 fluorescent 3000 K 100 86 101 7499

T8 fluorescent 4100 K 100 109 101 65107

T8 fluorescent 6500 K

T12 fluorescent 7500 K

90

55

122

79

99

64

152

86

98

59

Metal halide 95 108 97 8497

White LED 35 52 41 8138

What over watts?

* X = 0.15

*
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Brightness perception

ÈIn many spaces, brightness appearance can 
be as or more important than visual 
performance

üMuseums, art galleries, lobbies 

ÈLuminance brightness

ÈBrightness is nonlinear (1+1 2!)

üDresler (1953); Alman (1977); Ware and Cowan 
(1983)
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Brightness perception
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Luminance is linear

L(g)     +     L(r)       =       L(y)

+ =
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Brightness is nonlinear!

In fact...

B(g)     +     B(r)      B(y)

+ =
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Brightness is nonlinear!

B(g)    or     B(r)       > B(y)  !!!

+ =
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Brightness/luminance ratios

ÈAssuming r and g 
have the same 
luminance (L):

üB(r) = 2.93L

üB(g) = 2.15L

üB(y) = 1.06(2L) = 
2.12L

B = 2.15L

B = 2.93L

B = 1.06(2L) 

= 2.12L!
g

y

r

Guth et al. (1980)
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Brightness/luminance ratios for white 
light sources
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Warm white vs. cool white
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What over watts?

Source lm/W Mesopic/W Brightness/W CircadianStimulus/WV /WDG

Incandescent 12 12 12 1212

CFL 2700 K 55 47 56 3755

T8 fluorescent 3000 K 100 86 101 7499

T8 fluorescent 4100 K 100 109 101 65107

T8 fluorescent 6500 K

T12 fluorescent 7500 K

90

55

122

79

99

64

152

86

98

59

Metal halide 95 108 97 8497

White LED 35 52 41 8138
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Discomfort glare and headlights

ÈFor example, high intensity 
discharge headlamps are rated 
as more uncomfortable than 
halogen headlights

halogen

blue-
filtered 
halogen

high 
intensity 
discharge

Bullough et al. (2002)
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Discomfort glare spectral effects

ÈVDG = VDiscomfort Glare

Bullough et al. (2002)

V( )
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What over watts?

Source lm/W Mesopic/W Brightness/W CircadianStimulus/WV /WDG

Incandescent 12 12 12 1212

CFL 2700 K 55 47 56 3755

T8 fluorescent 3000 K 100 86 101 7499

T8 fluorescent 4100 K 100 109 101 65107

T8 fluorescent 6500 K

T12 fluorescent 7500 K

90
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99
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152

86
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59

Metal halide 95 108 97 8497

White LED 35 52 41 8138
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Light isnôt just for vision anymore!

ÈCircadian rhythms are 
hormonal, biological, or 
behavioral changes over an 
approximately 24-hour cycle 
that repeat over successive days 
(circa = about; dies = day)

ÈCircadian rhythms are 
influenced by internal and 
external factors (zeitgebers) 

ÈLight is the most important 
external zeitgeber to the 
circadian system

Melatonin (pg/ml)

Core body temperature ( °C)

Clock Time

Adapted from Buxton et al. , 1997
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Light

Light

Phase 
advance

Phase 
delay

Wake up 
earlier

Go to bed 
later

Timing
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5-hr pulse of 7,000 to 13,000 lux


