To: Kimberly Sullivan

From: Ted Dejony

Subject: Light Pollution project
Date: 11/4/06

As requested, the following is a report on Ligbtl&tion and its effects in the
area in which | currently reside. Through carefodlysis of the existing lighting
equipment in and around my neighborhood, | haverdened that this area does in fact
contribute to the overall light pollution presentWancouver, WA.

Report Topic and Contents

In this report you will find a definition of lighgollution, and an informative
description of the adverse effects of light pobuti It will then progress to discuss
important statistical information. Next, this repwill illustrate the results of a light
pollution analysis performed in a residential aréamally, concluding suggestions for
safer lighting practices, and a recommendatioepbace existing luminaire (light
fixtures) with night sky friendly luminaire.

Intended Audience and Purpose

The purpose of this report is to convey the magi@tof the current Light
Pollution situation in Vancouver, and to perhapspade the reader to alter potentially
unsafe lighting habits through the use of the sstjges, facts and statistics found in this
report. Light pollution is not a well known termpwever by introducing its concept and
the effects it has on our environment, economytares, | hope to encourage the
Vancouver Housing Authority to take advantage oferefficient, night sky friendly
lighting systems.

Introduction:

| have compiled this report in order to addregsgtowing concerns regarding the
current level of light pollution in and around theighborhood of 130th Ave & Padden
Parkway, in Vancouver, WA. After my analysis oithrea, | have determined that there
is a moderate level of light pollution in this areBhis situation can be improved through
the implementation of efficient, night sky friendlyminaries. The reduction of light
pollution can potentially produce great financiatleenvironmental benefits for both our
tax payers, and our City.

Light Pollution wastes massive amounts of energyrasources annually, and
pollutes our air not only with light, but with taxchemicals burnt by the power plants
which are trying to keep up with the wasted energy
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I. What is Light Pollution?

Light pollution (also known as photopollution)smplest terms, is the result of
excessive amounts of wasted light. Light pollutséems from misdirected, misused,
poorly installed or obtrusive luminaire which sdight into the sky and across property
lines where it serves no benefit. Millions of @&yer dollars are wasted annually on
light pollution, resulting in numerous health, evimental and safety concerns and
frustrations. Below and on the next page are s¢wemmon types of light pollution.

Light Clutter:

The overall effect of too many lights, too closgdther. Light clutter can
potentially cause confusion and distraction. Bidkds closely grouped together, lighted
advertisement congestion, even clusters of stigteisItoo close together, all produce
light clutter.

Light Clutter

Sky Glow:

The visible effect of light which is emitted upwant reflected upward from the
ground into the atmosphere, then scattered by&lgsts molecules, producing an
illuminated haze which obstructs the view of therst

Sky Glow

(1)



A.

Direct Glare is emitted by unshielded, misdirected, or misaapluminaire which
can cause discomfort, annoyance, an unsafe logsual performance, and can
increase the chance of accidents.

Direct Glare

Light Trespassis the effect of unshielded, misapplied, or poambktalled
luminaire causing emitted light to trespasses otiter property in an
objectionable manner.

= |
Light Trespass

[1. Negative effects of light pollution:

A)

B)

Wasted natural resources and energy:

The United States wastes massive amounts of gaaeymoney each year, due to
poor lighting and the use of inefficient lightisgurces. The waste from poorly
applied lighting affects everyone in our societgluding individuals, businesses
and municipalities. Light Pollution costs us moréaxes, operating expenses for
businesses, and in the price of all goods thgbuvehase. In addition to these
drawbacks, Light Pollution also affects our heailtid environment.

Our health:
Not only does excessive night illumination pollotg skies and environment,
new studies have shown that it can also pollutebodies.

Light pollution causes US power plants to emit mopsans into our atmosphere,
toxins which you may be breathing right now. Whenmake our power plants



work harder to keep up with the energy wasted ftaght Pollution, we are in
effect, contributing to the environmental destroctcaused by these toxins.

New research suggests that Light Pollution canried to some serious human
ailments such as cancer. Many people laugh arftiadhe suggestion that
artificial light can actually harm us. In contraste 1970’s “Second Hand
Smoke” reports suggested that second hand smoke lcaum others. These
reports were laughed and scoffed at as well. Hewet/is now common
knowledge that second hand smoke can have harmduhasome cases, fatal
results.

Light pollution also has the potential to affdoe iong-term health of our eyes.
Research suggests that nighttime lighting is glisoassociated with later
development of myopia (nearsightedness) and tieafjiteater amount of light at
night, the greater the chance of later nearsiglessl

C) Our environment:
Research in Florida has shown that near coasias csea turtle populations are
often threatened by unnatural light. New hatchdinghich instinctively head
toward the brightest spot on the horizon, confufan lights with the ocean's
reflection of moonlight and starlight. Led inlaritde young turtles frequently die
from unfortunate encounters with cars or predators

Light Pollution harms our nocturnal wildlife. Mgispecies won’t even go near
an area that has bad lighting. Also, many speriksimply stop reproducing if
habitat destruction from overly bright lights bawes too severe.

Some migratory birds that use the constellationsatogate at night are attracted

to brightly lit skyscrapers or towers; collisionglwor exhaustion suffered from
hovering around such objects in confusion can teadbird's injury or death.

[1l. Light Pollution statistics:

Hopefully these statistics will bring into focusetBcope and severity of the current light
pollution situation. The statistics listed herailcbpotentially be reduced by the
implementation of night friendly lighting systems.

Light pollution pollutes the air we breathe throutgedless generation of
electricity. More than 52 tons of mercury is reled into the atmosphere by US
power plants each year. One gram (1/@0a teaspoon) of mercury deposited
into a 25 acre lake annually will contaminate tisé & render them unsafe to
consume.



Every year 330 million Watts of energy is wasted_imght Pollution in the US.
This extra energy results in 400 million tons ofl&a Dioxide being emitted
from power plants, each year.

A single security light left burning for 12 hourgegy night in a year will
produce 1.75 tons of Carbon Dioxide.

Each year, the average cost of energy to powestaetlight is $16, multiplied
by however many streetlights there are in your. ciipwever, if the excess
light emitted from these lamps were reduced byueeof shielded night
friendly fixtures, the cost would be reduced byfbhalonly $8 per year. A
potential benefit for those who pay taxes.

Recent studies estimate that 30% of the electrggtyerated in the US for
outdoor illumination is squandered by being misdied into the sky. That
equates to 4.5 billion tax payer dollars per ydagou pay taxes, this hits you
right in the wallet.

It takes, on the average, 0.47 tons of coal (94thgs) to produce 1000 kWh of
electricity. One ton of coal can produce 2100 kdYklectricity. It takes about
1.8 barrels (76 gallons) of crude oil to produc@@@Wh of electricity. One
barrel of crude oil can produce 556 kWh. Wastghtltherefore equates to an
annual waste of at least six million tons of caa28 million barrels of oil.

More than 99% of the US and European Union (EUutaipns and two thirds
of the world's population suffer some degree ditligollution.

More than two thirds of the US population, about ttee EU population and
one fifth of the world's population live where they longer have the possibility
of seeing the Milky Way with the naked eye.

Analysis results:

After careful examination of the existing lightisgstems in the NE Padden Parkway and
130th Ave., | have come to the conclusion thateheia high level of Light Pollution in
this area. The below topographic map illustratedingings. The blue dots represent



fixtures which emit Glare. The red dots reprediiires which cause Light Trespass.
The yellow dots represent fixtures which cause lhiaght Trespass and Glare.

During the analysis of the 120 light fixtures imstheighborhood, 89 were found to emit
a form of light pollution. All 89 streetlights apared to be High Pressure Sodium (HPS)
model S-150 lamps. HPS lamps are widely useddtdawr lighting such as streetlights
and security lighting, and are fairly efficient.olWever, as you will see in the comparison
below, Low Pressure Sodium (LPS) lamps are ever rfficient than HPS lamps.



The operation of a high-pressure sodium lampustithted in the diagram below. An
amalgam of metallic sodium and mercury lies atcb@est part of the lamp and provides
the sodium and mercury vapor in which the arc &nair.

The operation of a low-pressure sodium lamp isitlted in the diagram below. An
amalgam of metallic sodium and mercury lies atab@est part of the lamp and provides
the sodium and mercury vapor in which the arc &ar.



Performance and operational cost comparison

HPS VS.

LPS

High Pressure Sodium HPS S-150
Lamp Wattage: 150
*Lumens per Watt: 84.2
Total *Lumens when lit: 14,400

HPS-150 Operating cost per lamp
$18.75 per month
$0.63 per day
$0.05 per hour

Current Annual cost (4,500 hrs/yr):
$225 per lamp

Annual cost per 89 lamps studied:
$20,020

Note: Operating costs may vary due to the varying
costs of electricity.

Low Pressure Sodium SOX-55
Lamp Wattage: 55
*Lumens per Watt: 108
Total *Lumens when lit: 13,500

SOX-55 Operating cost per lamp
$8.06 per month
$0.27 per day
$0.02 per hour

Potential cost (4,500 hrs/yr):
$96.72 per lamp

Potential cost per 89 lamps studied
$8,608.08

Note: Operating costs may vary due to the varyin
costs of electricity




*Lumen = Light Output
The major difference between the HPS and LPS lamgd in this comparison is that the

LPS lamps produce nearly the same amount of ligtgut as the HPS lamps, while at
the same time consuming 36.6% less energy thamothiaé HPS model.

Comparison Conclusion

Low Pressure Sodium lamps are much more efficleant High Pressure Sodium lamps.
| believe the economic and environmental benefitssong Low Pressure Sodium
lighting are clear.

Considering the existing streetlamps studied predacmore light than is needed, |
believe the City of Vancouver would greatly benbiitreplacing the existing HPS lamps
in our area, with SOX-55 Low Pressure Sodium lampsing so would result in an
annual savings & 11,411.92keep in mind that this is only for 89 streetlighimagine
what the savings would be if the City replacedHIS lighting with LPS.).

However, this area would greatly benefit from the use of Low
Pressure Sodium 50 watt lamps, which can produce as much light as
a 100 watt HPS lamp, using half of the energy.

Reducing Light Pollution

The following steps and techniques could potemnti@tuce Light Pollution and the
negative effects it causes.



A. Shielded Lights:
This type of light fixture employs a cover mount#dsely above the light source
which greatly minimizes the amount of light wastehielded light fixtures prevent
light trespass and sky glow. If the inside surfatthe shield is reflective, it will
reflect more light downwards. This will allow ater wattage bulb to be used to
achieve the same luminance, resulting in a loweratmg cost.

Figure A-1 (below) illustrates the effectivenessbielded light sources (right) versus
unshielded light sources (left). Light from theshrelded unit is emitted upward into
the sky, while light from the shielded model isedited toward the target area.

Figure A-1

B. Down Lighting
Below, figure B-1 illustrates the benefit of “Down Lighting” versus “Up
Lighting”. Down lighting involves mounting the light fixture at the base of the
target, and aiming the light upward. By doing so, almost all of the light is
spilled upward, into the sky.

A more effective approach is to mount the light fixture above the target (figure
B-1, center). This is called “Down Lighting”. The advantage of using this
technique

is and involves mounting the light source at the top of the area to be lit (see
diagram below). The light is then aimed downward at the target, eliminating
spillage into the sky.

If your application does not permit a light source to be mounted at top, shield
the source for the up lighting well to avoid sky glow and glare.

The below diagram illustrates unshielded up lightiieft), correctly applied down
lighting (center), and correctly applied up lighi¢far right)



When installing streetlights use shields and increase the height at which the light
is mounted so only the necessary areas are lit, reducing light trespass and sky
glow. The main beam angle of lights that are directed towards an observer
should be below 70°.

The solution:

Light pollution is quite subjective, but it can imenimized through good design practices.
In many cases, all that is required is the projergment of poles, selection of Dark Sky
approved lighting optics, and shielding accessories

What Can We Do?

A. Start with your own house. Take a long hard |dd&ke sure your outdoor
lights are directed down to the ground where iteésded. Pick the correct light
bulbs for the task.

B. Control the amount of light for the job required. Use the right amount of light for the
task, not overkill. "More Light" is not the approach to use. When not blinded by glare, the
eye is a marvelous instrument and can see very well at what "seems" to be low, lighting
levels. In additions, going from an overly lit area to darker areas means that we don't see
as well, and the opposite holds as well. Remember the simple phrase "See the light, not
the bulb."



C. Use time controls (such as motion sensors or dimmers). By using these devices you
are only using light when you need it. Manufacturers of dusk-to-dawn lighting instills the
fear in people that if your yard is not all lit up that it will be a magnet for burglars. The
truth is that tests have been done and there is no correlation between bright lights and
burglaries. What would be a better deterrent in scaring off a burglar than a set of lights
quickly going on when the burglar gets picked up by a motion detector.

D. Write to your mayor and town council. Let them know that there are simple ways to
save on energy costs, ease the stress on the environment and the stress on our own
health. The below links will help you investigate light pollution further.

some excepts from the IDA

In an effort to make our societies safer at nigtit enprove visual performance, | suggest
that we begin lowering night time illumination pawevels. This will reduce the amount
of light spilled into the sky, help to reduce th& bn the world's natural resources and
save an enormous amount of money at the same time.

SOME EASY SOLUTIONS:

pONE

ou

Use the right amount of light, not overkill.

Shield the light so that is goes down, not up or sideways.

Use light timer controls whenever possible.

Use LPS fixtures whenever possible because it is the most energy efficient and because
its light can be filtered out with telescope filters.

Avoid using round globe lights unless they are properly shielded.

Be aware of quality lighting. Let people know when you see some good and attractive
lighting arrangements.

Educate other people about the adverse effects of inappropriate lighting



The Glare Buster is a night sky friendly outdoor light fixture that accommodates multiple bulb
options. UL Listed up to 150 watts, the GlareBuster GB-1000 is the original 'dark sky' light for
homeowner & small business use, introduced in 2001. The branded name has become known for
the fixture's patented design, virtually fool-proof dark sky performance , versatility and quality.
The GlareBuster GB-1000 was one of the first fixtures to receive the IDA Dark Sky Friendly
certification .



Horizontal Foot-candle Specifications: (100 watt incandescent / 8 mounting height)

A portion of the findings, facts and statementsdusethis report originated from the
following organizations:

Starry Night Lights - www.starrynightlights.com,

The Dark Sky Society- www.darkskysociety.org



If you would like to support me in my efforts taroduce and promote a Light Pollution
Ordinance in our City, please sign the below list.

SOME EASY SOLUTIONS:

pONE

ou

Use the right amount of light, not overkill.

Shield light sources so they emit light downward, not up or sideways.

Use light timer controls whenever possible.

Use LPS fixtures whenever possible because it is the most energy efficient. LPS light
can also be filtered out with telescope filters.

Avoid using round globe lights unless they are properly shielded.

Educate other people about the adverse effects of inappropriate lighting.

http://store.starrynightlights.com/spj48-03-dl.html

Conclusion

What we need is greater quality lighting, not aatge quantity of lighting. For the many safety
and environmental reasons discussed in this repeety effort should be made to establish
quality exterior lighting in and amongst our City.

Speak about the benefits of night sky friendly sys.

Shield lights. A cover can minimise the amount of light that is lost upwards
or sideways where it is unwanted. This will stop both light trespass and
sky glow. If the inside surface of the shield is reflective this will reflect
more of the light downwards, allowing a lower wattage bulb to be used to
achieve the same illuminance (see diagrams).

Use the minimum amount of lighting
needed to illuminate the area. This will, contrary to popular belief, allow
your eye to see better. This is because your eyes will not be dazzled, so
you will not have "blind spots"” in your eyes. The contrast between light



and dark will be less, so you will be able to see much more in the
shadows.

Avoid using up lighting. When you do this almost all of the light is spilled
into the sky. Use down lighting, or, if that is impossible, shield the source
for the up lighting very tightly to avoid sky glow.

When installing streetlights use shields and increase the height at which
the light is mounted so only the necessary areas are lit, reducing light
trespass and sky glow. The main beam angle of lights that are directed
towards an observer should be below 70°.

Credits: Wikipedia — HPS description and diagram
Venture Lighting systems, www.venturelighting.com- pictorial example
of HPS lighting
Office of Energy Efficiency, Canada - http://oeercan.gc.ca
http://oee.nrcan.gc.ca/publications/equipment/ligting/section9.cfm?attr=0
Association for Astronomy Education - www.aae.org.k

Before and after example:

In June 2003, the United States Border Patrol atdd/twenty light towers along the
Arizona border with Mexico. Each tower had thredremely bright metal-halide lights,
which caused considerable sky glow and light trespat the request of nearby
residents, the Border Patrol has shielded andaetgid the lights. They are no longer
distinguishable from the existing border lights.

Using night sky friendly equipment really can makea huge difference.



Image and statistics provided by Astronomy Magazinevw.astronomy.com



