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Shadow, Light, and Truth
BY  RichaRd cadena

When you go to the supermarket 

and lay down your hard-earned cash, you 

expect to receive a dollar’s worth of value 

in return. But suppose you paid your dollar 

and in return, you received only a few cents 

worth of value? that’s essentially what is 

happening when you turn on your lights. 

you exchange your dollars for electricity, 

and when you flip the switch, you’re 

exchanging the electricity for light. But the 

exchange rate falls far short of what you 

might expect.

In a perfect world, you would get 683 

lumens of green light for every watt you 

buy, if what you want is green light. that’s 

the complete conversion of electrical energy 

to green light. For white light with a color 

temperature of 5,600 k, you would get 350 

lumens per watt, and for white light with a 

color temperature of 3,200 k, 250 lumens 

per watt. that’s because our eyes are more 

sensitive to green light, and a little goes a 

long way towards illuminating an object. 

so, somewhere between 250 lm/W and 350 

lm/W for white light is the holy grail of 

lighting efficacy. It’s a number that lighting 

manufacturers dream of when they design 

and build lamps and luminaires. In real life, 

it’s just a pipe dream.

Lamp lumens versus 
luminaire lumens
In the very early days of theatre when gas 

lamps were used, people got a poor deal 

because the exchange rate from gas to light 

is only about 1 lm/Watt. When edison’s light 

bulb came along, it boosted the efficacy to 

about 10 to 15 lm/W. In the 1980s when 

David Cunningham invented the hpL 

lamp, the output increased to about 23 to 29 

lm/W. today’s metal halide discharge lamps 

output about 80 to 92 lm/W. LeDs were a 

real disruptive force in the lighting industry, 

boosting efficacies to over 200 lm/W for 

white light LeDs, at least in the lab under 

ideal conditions.

those numbers seem good on the surface, 

but they don’t reflect what’s happening in 

the real world. once these light sources 

are put in luminaires with flawed optics, 

the efficacy degrades quite a bit. they 

might start with a high luminous flux, as 

from the philips msr gold 1200 FastFit, 

which outputs 95,000 lumens. But by the 

time the light is collected by the reflector 

and is rerouted through the Ir/uV filter, 

color correction, multi-element lenses, 

and output glass, it’s lost much of its initial 

flux. the Coemar Infinity Wash XL, for 

example, outputs about 29,000 lumens. 

after accounting for the inefficiencies of 

the power supply, the luminous efficacy 

comes out at about 18.5 lm/W. that’s fairly 

typical of automated luminaires, although 

improvements in lamp technology, power 

supplies, and optics have bumped that 

number up over the last several years.

today, the luminous efficacies of 

luminaires can range from 10 or 12 lm/W to 

slightly over 30 lm/W. the figures in Table 1 

show some values that were calculated based 

on measurements taken by mike Wood as 

reported in his “technical Focus: product 

in Depth” reviews, which are published 

quarterly in Lighting and Sound America 

magazine and archived on his web site 

(www.mikewoodconsulting.com).

new lamps for old
the reason that these numbers are 

interesting is because they can help you 

figure out the operating cost per lumen for 

a given lighting system, and how much you 

could potentially save by replacing an older, 

less energy-efficient system with new, more 

energy-efficient lighting. By comparing 

these numbers with an existing lighting 

system, you should be able to figure out how 

much electrical energy you’re using, and if 

you can determine how much you’re paying 

for electricity, how many hours you’re using 

the lighting system every week or every 

year, and how energy efficient your hVaC 

system is (hint: the specs should give you 

the energy efficiency ratio or the seasonal 

energy efficiency ratio as either the eer or 

the seer), then you can calculate the return 

on your investment.

you can expect to pay higher prices for 

luminaires with LeD and metal halide 

discharge lamps compared to conventional 

luminaires, but it’s quite possible that the 

operating costs over the life of the instrument 

are significantly lower because of the 

electrical savings and the reduction in the use 

It’s not just the economy, stupid
Energy efficiency in performance spaces and live events also helps the environment.

            . . . somewhere between  
250 lm/W and 350 lm/W for white 
light is the Holy Grail of lighting 
efficacy.
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of air conditioning. higher efficacy equates 

to less power being used to produce the 

same amount of light, and that means less 

heat is generated. In some parts of the world 

with very cold climates, the heat generated 

by the lighting might be welcomed, but 

you probably don’t want your heat to be 

generated by your lighting system. even in 

the coldest of climates you’ll want to be able 

to control the temperature without having to 

use the faders on your lighting console. and 

in hotter climates, less power consumption 

means less demand on the air conditioning 

system, which also saves money. If you look 

at the total cost of ownership over the life 

of the system, it may be that the energy 

efficiencies offered by a new system would 

justify the higher price tag.

But it’s not all about the economy. energy 

efficiency also helps the environment.

The heat is on
according to the us Department of energy, 

about 67% of the electricity generated in 

the united states is derived from fossil fuels, 

including coal, natural gas, and petroleum. 

one of the major byproducts of burning 

fossil fuels is carbon dioxide (Co
2
), which is 

a greenhouse gas and a major contributor to 

global warming.

according to the Intergovernmental panel 

on Climate Change (IpCC), which is an 

international organization created by the 

united nations environmental programme 

and the World meteorological association, 

human activity, including burning fossil 

fuels, contributes to global warming. In 2014, 

they issued a report that says, “It has been 

estimated that if greenhouse gas emissions 

continue at the present rate, earth’s surface 

temperature could exceed historical values 

as early as 2047, with potentially harmful 

effects on ecosystems, biodiversity, and the 

livelihoods of people worldwide.”

the report was published by the 

Cambridge university press, Cambridge, 

uk, and new york, ny, usa, and there were 

over 800 scientists who contributed to it. 

the authors said that they know with “high 

confidence” that the “total anthropogenic 

(due to human activity) ghg (or 

greenhouse gas) emissions have continued 

to increase over 1970 to 2010 with larger 

absolute decadal increases toward the end 

of this period,” and that “Co
2
 emissions 

from fossil fuel combustion and industrial 

processes contributed about 78% of the 

total ghg emission increase from 1970 to 

2010, with a similar percentage contribution 

for the period 2000 – 2010.” “about half” of 

those emissions, they said, “have occurred 

in the last 40 years,” and that “many 

aspects of climate change and associated 

impacts will continue for centuries, even 

if anthropogenic emissions of greenhouse 

gases are stopped.” Furthermore, the 

more increase in global warming that 

we experience, the higher the risk of 

“irreversible changes.”

and that’s not the only problem with 

burning fossil fuels. other byproducts 
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          Higher efficacy equates to 
less power being used to produce 
the same amount of light, and that 
means less heat is generated.
“ “

Table 1: Automated lighting efficacies derived from Mike Wood’s product reviews in Lighting&Sound America. Note that these numbers represent the 
highest in the zoom range if the fixture has a zoom.
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of its combustion include the emission 

of sulfur and heavy metals like arsenic, 

barium, beryllium, cadmium, chromium, 

copper, lead, mercury, molybdenum, nickel, 

radium, selenium, vanadium, and zinc. 

also, the sulfur reacts with oxygen and 

water to produce sulfuric acid, which falls 

back to earth as acid rain while the mercury 

released into the atmosphere is the single 

largest unregulated source of mercury.

The icing on the cake
Besides saving money on operating 

costs and helping the environment, 

there are other benefits associated with 

higher efficacy luminaires. Lower power 

consumption also translates to lower 

current draw, which allows the use of 

smaller and cheaper components like 

copper wire, smaller power supplies, fuses, 

connectors, and switches. Luminaires 

with higher energy efficiency allow for less 

infrastructure, including smaller feeder 

transformers and cables, fewer circuit 

breakers and branch circuits, and less 

demand on power plants. these luminaires 

also can be smaller and lighter in weight, 

require less warehouse space for rental gear, 

less fuel to transport, and lower labor costs 

to set up or install.

LeD and metal halide discharge 

light sources have other benefits over 

conventional incandescent sources as well. 

Besides eliminating the need for external 

dimmers and the associated dimmed 

circuits, they also have longer lamp life, 

which means fewer lamp changes, and that 

not only saves the cost of replacement lamps 

but also the labor to replace them. they also 

help reduce the risk of falling by reducing 

the need for climbing. any time someone 

has to work at height, there is a risk of 

falling. even if a person is wearing a harness, 

there is a risk of injury or death.

almost all luminaires with LeDs or 

metal halide discharge lamps now have 

remote Device management (rDm), 

which also reduces the risk of accident 

by allowing remote management of the 

system without having to work at height. 

you can change DmX addresses, the 

mode or personality, and much more, 

depending on the implementation in the 

fixture. In an educational setting, using 

rDm will also expose students to a new 

set of marketable skills.

Luminaires are more than just light 

conversion machines that convert electricity 

to light. Designers and specifiers will never 

spec a fixture just because it has a high 

luminous efficacy, nor should they. there 

are many more factors that go into that 

equation, and luminous efficacy is just one 

of them. It’s probably not even one that 

registers high in the minds of the people 

who use these instruments, but saving 

energy is important, and even a small 

decrease in one system multiplied over 

several thousand systems can have a positive 

impact. If the math doesn’t overwhelmingly 

tip the scales in favor of a new system 

because of the higher initial cost, consider 

the other benefits—environmental, health 

and safety, and educational. n
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One of the benefits of upgrading your lighting 
system is that the majority of luminaires being 
manufactured today have RDM, which can 
lower the risk of falling by reducing the need 
to work at height. 


