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A RATE is a ratio of unlike quantities.
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Efficacy is a ratio of unlike quantities
that represents a rate of consumption.

One side of the fraction (is intended to) represent 
a BENEFIT, the other a COST.

For example:
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In practice, Efficacy and Efficiency are 
(usually) employed differently.
EQE = (Injection Efficiency) × (IQE) ×(Extraction Efficiency)

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖 𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎𝑒𝑒𝑒𝑒𝑖𝑖𝑎𝑎𝑒𝑒 𝑒𝑒𝑒𝑒𝑟𝑟𝑖𝑖𝑒𝑒𝑒𝑒
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑎𝑎𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑟𝑟 𝑒𝑒𝑡𝑒𝑒𝑒𝑒𝑡𝑡𝑟𝑟𝑡 𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑒𝑒𝑒𝑒

𝑒𝑒𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑒𝑒𝑖𝑖𝑎𝑎𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑖𝑖𝑒𝑒𝑎𝑎𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒
𝑎𝑎𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑖𝑖𝑒𝑒𝑎𝑎𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒

𝑝𝑝𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑡𝑎𝑎𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑎𝑎𝑝𝑝𝑒𝑒 𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑒𝑒𝑒𝑒
𝑝𝑝𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑎𝑎𝑒𝑒𝑒𝑒𝑖𝑖
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If we frame the problem as benefit/cost, 
the questions are easy.

• What are the benefit(s) of lighting?
[Corollary: What metrics define the benefits?]

• What are the cost(s) of lighting?
[Corollary: What metrics define the costs?]
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Today, benefit per cost in applied lighting 
is largely defined as:

Lumens
Watt

With a few conceptual modifiers:
1. Which lumens?
2. Which watts?
3. In practice, color quality is not completely 

ignored.
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Experimental Context for V(λ)
• Field of View
• Methods
• Field Luminance

The lumen is a poor proxy for benefit.
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Experimental Context for V(λ)
• Field of View
• Methods
• Field Luminance

2 deg. is about 0.01% of 
the total visual field that 
we see with both eyes.

The lumen is a poor proxy for benefit.
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The lumen is a poor proxy for benefit.

Experimental Context for V(λ)
• Field of View
• Methods
• Field Luminance

“visual equality” defined with 
flicker photometry and step-
by-step brightness matching.

IMPORTANT: V(λ) based on 
visual comparisons of 
monochromatic stimuli.
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Experimental Context for V(λ)
• Field of View
• Methods
• Field Luminance

Less than 10 cd/m2. By 
comparison, interior building 
surfaces are more typically 
50 – 200 cd/m2.

The lumen is a poor proxy for benefit.
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There are many other ways to characterize 
optical radiation.

V(λ) and V’(λ)

LC, MC, Rods,  
Melanopic, SC

10 and 2 deg
CMFs

V(λ) and V’(λ)

LC, MC, Rods,  
Melanopic, SC

10 and 2 deg
CMFs
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NUMERATOR: Minimally, the benefits of lighting 
(to people) are visibility, color quality, 
psychological reinforcement, and circadian 
stimulation.

BENEFIT
• Visibility
• Color Quality
• Psychological 

Reinforcement
• Circadian Stimulus 

COMMON METRIC
→ V(λ)-based lumens
→ CRI (CCT)
→ Hire a Lighting 

Designer
→ CCT

BETTER METRIC
→ V(λ) or Mesopic
→ TM-30 (Chromaticity)
→ Hire a Lighting 

Designer
→ CS, (Melanopic Lx)

While avoiding
• TLA (Flicker)
• Visual Discomfort

COMMON METRIC
→ ?
→ ?

BETTER METRIC
→ IEEE 1789, NEMA 77
→ UGR
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DENOMINATOR: Using the watt as a proxy 
for cost is imperfect.

• Time should be considered, which implies efficacy 
characterization at the application level, rather than 
product level.

• Might it be better to account for the source of 
energy, for example by using CO2 emissions?

• Should LCA be a part of a product’s efficacy?
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A family of efficacies could cover common 
situations.
The below are proposed only as a thought exercise!

Circadian Stimulus
Watt

Lumens
Ton CO2

Color Quality
Ton CO2

Lumen Hours
Lifetime Environmental Cost

Lumens
Dollar

PAR
Watt
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Optical Radiation

Image Forming 
Pathway

Non-Image Forming 
Pathway

Visual 
Performance

Visual 
Experience

Visual 
Comfort Acute Circadian

Psychological and Physiological Functioning

But, need to move beyond a ratio to 
consider the larger picture.
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f(q)

Opinion,
Preference,

Comfort,
Performance,

Efficiency,
etc.

Illuminating engineering (lighting design) is a 
multi-criterion problem with interactions.
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Consider the below as indirect measures of 
lighting quality. What is their functional 
relationships to opinions of lighting quality?

f(quantity)

f(discomfort)

f(spectrum)

f(daylight)

f(flicker)

f(modelling)

f(control)

f(dynamics)

f(distribution)

f(luminaires)

f(room)

f(economics)
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Visual performance is a function of:

f(luminance)

f(contrast)

f(size)

f(age)

f(visual performance)
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Visual environment is a function of:

f(quantity)

f(spatial dist.)

f(spectrum)

f(…)

f(visual environment)
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Visual comfort is a function of:

f(adaptation)

f(luminance)

f(# sources)

f(position)

f(visual comfort)
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Acute effects are a function of:

f(spectrum)

f(intensity)

f(timing)

f(…)

f(acute effects)
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Circadian effects are a function of:

f(spectrum)

f(quantity)

f(duration)

f(timing)

f(circadian effects)

f(photic history)
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f(performance)

f(environment)

f(comfort)

f(acute)

f(quality index)

f(circadian)

QI = 0.05 × PECAD
P+E+C+A+D

Combine for a composite Quality Index (QI).

P

C

A

E

D
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f(light source)

f(optical delivery)

f(spectral)

f(intensity)

f(application efficiency)

AEI = 0.4 ×
LOSI

L+O+S+I

Combine for an Application Efficiency Index (AEI).

L

S

I

O
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When lighting for people, the benefit 
should be defined by human needs And 
the costs should be defined by the 
detrimental effects on our planet.
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Sources of ideas and inspiration:
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