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CAPSTONE CHALLENGE: ENERGY
Student Instructions for Capstone Energy Challenge
The citizens of your city, Houston, are concerned about the light that is
wasted by shining up into space. We need light on the ground, not in
space! All of the light that shines UP is wasted and wasted light results in
wasted energy, high energy costs and an increase in carbon footprint.
You, the Energy Task Force, have been asked to respond to citizen concerns about the energy that is wasted every night, and recommend a
strategy that will reduce the energy spent, cost and carbon footprint of
lighting the city of Houston at night.
Use the following Data Collection and Calculation Sheets, along with the
Aerial Map of Houston to compile the information. You’ll also need to respond to citizen concerns and devise a strategy. Once you’ve gathered and
calculated all of your data, you will use it, along with background information and the Types of Lights Reference Guide to prepare and present your
strategy to the Mayor and the other Task Forces.
Begin by reading the background materials for this challenge, and conducting your own research as directed by your Mayor.
Once you’ve completed your background reading and research, start with
Data Sheet 1 and follow instructions for the remainder of the Challenge.
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Citizen Letters for Capstone Challenge: Energy

Dear Mayor,
I am a small business owner, and I rent a
space in a shopping center. Our electricity bill is astronomical! We do everything we
can to conserve energy at our store. Can’t
you make a rule to turn off the parking lot
lights after a certain time or something?
Sincerely,
Bill Payne

Dear Mayor,
I think our city is wasting a huge amount of energy and
money! Could we make the brightest lights dimmer? Do
we need to light all of streets all night long? Some locations (especially intersections) have too many lights!
We need to do more to reduce our carbon footprint.
Sincerely,
I.M. Green
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Background information for Capstone Energy Challenge
Energy Waste
All the light you see in the images is wasted. About 30% of all outdoor light is being wasted by shining upward.
Energy is a precious resource. Most electricity is produced by burning fossil fuels, which are non-renewable and are quickly being depleted.
How can we keep the light from going up, and instead, keep it down
where we need it?
Cost
Lighting accounts for 11% of the total energy usage in the United
States by all sectors (residential, commercial, industrial, and transportation).
In 2012, each person in the United States spent over $3000 on energy
usage.
The United States accounts for 18% of the world’s energy consumption.
An estimated $3.3 billion is spent on wasted energy in the United
States.
How can individuals and families reduce their energy costs? How
can cities and countries reduce costs?
Carbon Footprint
A carbon footprint is the amount of greenhouse gases emitted due
to burning fossil fuels. Greenhouse gases (like carbon dioxide) contribute to climate change by trapping heat that would otherwise
escape into space.
Most electricity in the United States is produced by burning fossil
fuels (39% by coal, 27% by natural gas, and 1% by petroleum). Fossil
fuels are the fossilized remains of plants that lived hundreds of millions of years ago.
For each kilowatt-hour of energy produced, 0.84 kg (1.85 lbs) of
greenhouse gases are released into the atmosphere.
An estimated 875 million trees would have to be planted every year
to offset all the carbon dioxide released.
Efficient Bulbs
One way to reduce energy waste, cost, and carbon footprint is to use
energy efficient light bulbs.
Efficiency is an output over an input, or how much light you get out
for the amount of energy you put in.
See the “Types of Lights” Reference Guide for more information.
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Safety
It’s a common misconception that more light is better, because it’s
safer. But it’s not that simple, and sometimes, less light is actually better. Visit www.laserclassroom.com/TOTN/STUDENT and click
“SAFETY” to read about what to consider around safety when you
are designing a lighting strategy for a city.
Shielding
Another way to help reduce energy cost is to cover the light bulb, so
that the light does not go up (where it is wasted). Concentrating all
light downward (where needed) allows for the bulb’s wattage to be
reduced.
Shielded lights should be task-oriented, designed for people to see
the effect (lit footprint on the ground) but not the bulb.

STUDENT

72

TURN ON THE NIGHT™

Task Force Challenges • Student

Background Information for Capstone Challenge: Energy
Indoor Lighting
Some of the most common indoor light bulbs are incandescent bulbs, which
look like a traditional light bulb. Generally, the input for these bulbs is either 40W
or 60W. But there are other kinds of indoor light bulbs as well, such as CFLs and
LEDs. Keep in mind that the wattages listed for the CFLs and LEDs correspond to
the 40W and 60W incandescent bulbs. This means that for a lamp that takes a
40W incandescent, you could also use a 9W CFL or a 6W LED. This will allow you
to easily compare the bulbs to one another.
Incandescent Bulbs:
The incandescent light bulb has had the same design
for over 100 years since Thomas Edison invented it!
It produces light when a thin wire called a tungsten
filament is heated by electricity running through it
making it so hot that it starts to glow brightly. This releases a lot of heat and the bulbs get hot to the touch,
meaning this bulb is very inefficient. Many countries,
including the United States, are currently passing legislation banning the sale of these light bulbs because
they are so inefficient.
CRI: 100
Wattage
40W
60W
Lumens
290 lm
840 lm
Compact Fluorescent Light Bulbs (CFL):
These spiraled light bulbs are far more efficient than
the standard incandescent bulb. Compact Fluorescent Light bulbs (CFLs) work by running electricity
through gas inside the coils, exciting that gas, and
producing light. There is a coating on the spirals,
which makes this light white. These bulbs do not get
nearly as hot as the incandescent bulbs.
CRI: 50-80
Wattage
9W
13W
Lumens
550 lm
810 lm
Light Emitting Diode (LED):
Unlike incandescent and CFL bulbs, LED bulbs have
moved into the technological age. LEDs that produce
white light work in a rather complicated way, and
their invention won a Nobel Prize in Physics in 2014!
While these are the most efficient bulbs to date, they
are not without problems. Although the light they produce looks white, remember that white light contains
all the colors of the rainbow. LEDs contain a lot of blue
light, too much of which can have negative effects on
human health and wildlife.
CRI: 80-98
Wattage
6W
9.5W
Lumens
450 lm
800 lm
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Outdoor Lighting
Outdoor lights are usually different from those bulbs used indoors because they
need to be much brighter and last longer. There are many different kinds of light
bulbs used outdoors, and they each have pros and cons.
Halogen Bulbs:			
Halogen bulbs are often found in homes as spotlights
or floodlights, in cars as headlights, or at sports fields
as stadium lights. These bulbs work in a similar way to
an incandescent bulb by running electricity through
a tungsten filament. Unlike the incandescent, there
is halogen gas inside the bulb. When the tungsten
burns off the filament, the gas re-deposits it back
onto the filament to be reused. Halogen bulbs last
much longer than incandescent, but these bulbs are
much brighter and burn much hotter than traditional
incandescent bulbs.
CRI: 100
Wattage
53W
72W
75W
Lumens
940 lm
1350 lm
1500 lm
Metal Halide:
Metal halide lamps are commonly used in streetlights, parking lot lights, and stadium lights. They are
very bright and contribute to a lot of light pollution.
They are fairly efficient. They produce very white light
and have good color rendition, meaning that objects
under these lights look their true color.
CRI: 85-94
Wattage
250W
400W
1000W
Lumens
22,000 lm
36,000 lm
110,000 lm
High Pressure Sodium (HPS):
The high pressure sodium lamp (HPS) is the most commonly used street light throughout the world. It produces light by running electricity through a mixture of
gases, which produces light. The lamp itself is preferred
because it requires little maintenance. These lamps are
fairly efficient. They take a while to turn on completely
and produce a yellow-orange glow.
CRI: 20-24
Wattage
150W
250W
400W
Lumens
16,000 lm
24,000 lm
50,000 lm
Low Pressure Sodium (LPS):
The low pressure sodium (LPS) lamp works similarly to
the HPS light. Instead of producing white light (all the
colors of the rainbow), LPS lamps produce almost exclusively yellow light. While this light is fairly efficient, it
takes several minutes for the bulb to turn on. The light
is very yellow-orange. This yellow light makes objects it
is illuminating look a different color or gray.
CRI: 0
Wattage
18W
35W
55W
Lumens
1800 lm
4550 lm
7800 lm
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White-light LED Street Lamps:
LED technologies have developed rapidly in recent
years and these bulbs are now being integrated into
outdoor lighting solutions. While the energy savings are
significant, LEDs produce a lot of blue light, too much
of which can have negative effects on human health
and wildlife. If LEDs are used outside, it is much better
to choose an LED that has less blue light (warmer color).
For outdoor lighting applications that need white light,
LEDs with Correlated Color Temperature of 2700 K or
below should be selected.
CRI: 80-98
Wattage
25W
42W
146W
202W
Lumens
2772 lm 3648 lm 12,642 lm 13,620 lm
Phosphor-Converted Amber (PCA) LED Street Lamps:
(PCA) LEDs have only been on the market for the past
few years. In these LEDs, almost all of the blue light
from the InGaN LED is converted by a phosphor to
green, yellow, amber and red light. They appear amber in color, but have much better color rendition than
high-pressure sodium. They are a good choice for
locations that are trying to preserve the dark night sky,
because they have very little damaging blue light. Compared to white light, they have less impact on animals
that are affected by light at night.
CRI: 59
Wattage
31W
Lumens
1872 lm
Narrow-Band Amber (NBA) LED Street Lamps:
Narrow-band amber (NBA) LED street lights are a
brand new technology. Rather than emitting all the
colors of the rainbow and a lot of blue light, they emit
mostly yellow-amber colored light. The LED produces
this light directly, rather than via a phosphor. They
have poorer color rendition, but are the least damaging LED technology for astronomy. They are also the
preferred LED lighting solution for areas with endangered species, such as turtles, that are affected by
light at night.
CRI: 0
Wattage
50W
Lumens
1606 lm

Resources for additional research on Light and Energy Consumption can be found at: www.laserclassroom.com/TOTN
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TYPES OF LIGHTS REFERENCE GUIDE

Energy conservation is becoming more and more of a concern. One solution is to
use more energy efficient bulbs at home, schools, businesses and public places.
This document will introduce key terms to use when talking about lighting as well
as types of light bulbs in use.
Key Terms:
yy Watt (abbreviated W) is the unit corresponding to the rate of energy consumption (or power) in an electric circuit needed in this case to light a light
bulb.
yy Lumens are the unit describing the amount of light (energy) as seen by the
human eye that is given off by the light bulb.
yy Lux is defined as being equivalent to one lumen spread over an area of one
square meter. To put it another way, a measurement of lux (light intensity)
tells you how many lumens are needed for the area being illuminated.
yy Efficiency is the amount of light that comes out of a light bulb compared
to the electrical energy that goes into it. Energy efficient bulbs waste less
energy in producing light than less efficient bulbs. Efficiency is an output
over an input.
yy Efficacy is related to the efficiency of the light bulb. It is also an output over
an input. The output is the lumens of light and the input in power in watts.
So, the expression we use to describe the efficacy of our light is “Lumens
Per Watt” or lumens divided by watts. Keep in mind, the bigger the efficacy, the more efficient the bulb.
yy Some bulbs make things they are illuminating look a different color than
they really are. This property is called Color Rendition. Generally, bulbs with
good color rendition are used. Color rendition can be measured by the Color Rendering Index (CRI), which is a scale ranging from 0 (very poor color
rendition) to 100 (nearly perfect color rendition). In cases of extremely poor
color rendition, that bulb’s CRI value can be negative. Incandescent bulbs
are defined to have perfect color rendition.
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DATA SHEET ONE: Current Houston Lighting Strategy
You will use the information on this page and the results from counting the squares
on the city grid to determine the energy, cost, and carbon footprint of the lights from
this city.

Instructions
Together as a class, refer to the Houston at Night Grid. Notice that there are three different colors of lights, each representing a different type of bulb.
TYPE 1 Bulb: Metal Halide
White lights are 250 Watt (W) Metal Halide lights that are generally found along the roads

Wattage of each bulb:
250		
Lumens per bulb:
22,000
Cost of electricity per kilowatt-hour: $0.08
Number of lit squares:		
TYPE 2 Bulb: High Pressure Sodium
Yellow lights are 250W High Pressure Sodium lights that represent densely packed lights

Wattage of each bulb:
250		
Lumens per bulb:
24,000
Cost of electricity per kilowatt-hour: $0.08
Number of lit squares:		
TYPE 3 Bulb: High Pressure Sodium
Brown lights are 150W High Pressure Sodium lights that are spread out all over

Wattage of each bulb:
150		
Lumens per bulb:
16,000
Cost of electricity per kilowatt-hour: $0.08

+

Number of lit squares:		

Number of lit squares: TOTAL		
To fill in the missing information on your Data Sheet One, refer to the Houston at Night
Grid; count and record the number of squares of each type of light. Count any square that
is at least ½ lit as one. Do not count the black (dark) squares. Fill in the empty boxes.
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CALCULATION SHEET A: Current Houston Lighting Strategy
Type 1 Bulb: Metal Halide 250W
Together as a class, use the information on Data Sheet One to complete steps 1-13
for Calculation Sheet A: Metal Halide Bulbs.
When you have completed Calculation Sheet A as a class, you will work on your
own in Task Force Groups, to follow steps 1-13 to complete Calculation Sheet B for
250W High Pressure Sodium Lights and Calculation Sheet C for 150W High Pressure Sodium Lights.
Instructions

Complete Sheet A, B and C with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 1
Bulb

W

=

Wattage of Type 1
Bulb

lm/W
Efficacy of Type 1
Bulb

STEP 2 – Percentage
Now, we need to know what % of all of the lights in Houston are each bulb type. To determine
this, we’ll divide the number of each bulb type (bulb squares) by the total number of lit squares.

÷
Number of Type 1
Squares

=
Total number of lit
Squares

%
Percent of
Type 1 Lights

STEP 3 – Absolute Number
Now we want to determine the total number of Metal Halide Bulbs in the city. To do this, we’ll
take the percent of Type 1 and multiply it by the total number of lights in the city (2,000,000).

%
Percent of
Type 1 Lights

STUDENT
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2,000,000
Total number of
Lights in the city
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CALCULATION SHEET A: Current Houston Lighting Strategy
Type 1 Bulb: Metal Halide 250W

Instructions
STEP 4 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W

x

Wattage
of Type 1 Bulb

11

=

Hours in one night

Wh
Energy
used by Type 1 Bulb
in one night

STEP 5 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours.

Wh

÷

1000

=

Energy
used by Type 1 Bulb
in one night

kWh
Kilowatt-hours
used by Type 1 Bulb
in one night

STEP 6 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh
Kilowatt-hours
used by Type 1 Bulb
in one night

STUDENT

x

$0.08
Cost per
Kilowatt-hour
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CALCULATION SHEET A: Current Houston Lighting Strategy
Type 1 Bulb: Metal Halide 250W

Instructions
Next, calculate the Energy spent, cost and carbon footprint of the city’s current
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
STEP 7 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 1 Bulb
in one night

kg
Greenhouse gas
produced by Type 1
Bulb in one night

STEP 8 – Energy

How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type in Houston.

kWh
Kilowatt-hours
used by Type 1 Bulb
in one night

STUDENT
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=
Number of
Type 1 Bulbs
in the city
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CALCULATION SHEET A: Current Houston Lighting Strategy
Type 1 Bulb: Metal Halide 250W

Instructions
STEP 9 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$

x

Amount spent on
Type 1 Bulb
in one night

=
Number of
Type 1 Bulbs
in the city

$
Amount spent on
all Type 1 Bulbs
in one night

STEP 10 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the
total number of bulbs of that type.

kg
Greenhouse gas produced
by Type 1 Bulb
in one night

x

=
Number of
Type 1 Bulbs
in the city

kg
Greenhouse gas produced
by all Type 1 Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply
the energy used, the amount of money spent and the carbon footprint by .30 (30%).
We’ll do that next and see just how much is wasted.
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CALCULATION SHEET A: Current Houston Lighting Strategy
Type 1 Bulb: Metal Halide 250W

Instructions
STEP 11 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

=

kWh
Kilowatt-hours wasted
by all Type 1 Bulbs
in one night

Kilowatt-hours used by
all Type 1 Bulbs
in one night

STEP 12– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%).
This gives you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 1 Bulbs
in one night

Amount spent on
all Type 1 Bulbs
in one night

STEP 13– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 1 Bulbs
in one night

Greenhouse gas produced
by all Type 1 Bulbs
in one night

STOP: Before moving on, complete all 13 steps for all three types of
bulbs so that Calculation Sheets A, B and C are complete.
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CALCULATION SHEET B: Current Houston Lighting Strategy
Type 2 Bulb: High Pressure Sodium 250W
With your task force, complete Calculation Sheet B by referencing Data Sheet One
for 250W High Pressure Sodium Bulbs and Steps 1-13 of the step by step instructions.

Instructions

Complete Sheet A, B and C with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 2
Bulb

W

=

Wattage of Type 2
Bulb

lm/W
Efficacy of Type 2
Bulb

STEP 2 – Percentage
Now, we need to know what % of all of the lights in Houston are each bulb type. To determine
this, we’ll divide the number of each bulb type (bulb squares) by the total number of lit squares.

÷
Number of Type 2
Squares

=
Total number of lit
Squares

%
Percent of
Type 2 Lights

STEP 3 – Absolute Number
Now we want to determine the total number of High Pressure Sodium Bulbs in the city. To do
this, we’ll take the percent of Type 2 and multiply it by the total number of lights in the city
(2,000,000).

%
Percent of
Type 2 Lights

STUDENT
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2,000,000
Total number of
Lights in the city
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CALCULATION SHEET B: Current Houston Lighting Strategy
Type 2 Bulb: High Pressure Sodium 250W

Instructions
STEP 4 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W

x

Wattage
of Type 2 Bulb

11

=

Hours in one night

Wh
Energy
used by Type 2 Bulb
in one night

STEP 5 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours.

Wh

÷

1000

=

Energy
used by Type 2 Bulb
in one night

kWh
Kilowatt-hours used
by Type 2 Bulb
in one night

STEP 6 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh
Kilowatt-hours
used by Type 2 Bulb
in one night

STUDENT

x

$0.08
Cost per
Kilowatt-hour
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=

$
Amount spent
on Type 2 Bulb
in one night
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CALCULATION SHEET B: Current Houston Lighting Strategy
Type 2 Bulb: High Pressure Sodium 250W

Instructions
Next, calculate the Energy spent, cost and carbon footprint of the city’s current
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
STEP 7 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 2 Bulb
in one night

kg
Greenhouse gas
produced by Type 2
Bulb in one night

STEP 8 – Energy

How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type in Houston.

kWh
Kilowatt-hours
used by Type 2 Bulb
in one night

STUDENT

x

=
Number of
Type 2 Bulbs
in the city
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CALCULATION SHEET B: Current Houston Lighting Strategy
Type 2 Bulb: High Pressure Sodium 250W

Instructions
STEP 9 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$

x

Amount spent on
Type 2 Bulb
in one night

=
Number of
Type 2 Bulbs
in the city

$
Amount spent on
all Type 2 Bulbs
in one night

STEP 10 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the
total number of bulbs of that type.

kg
Greenhouse gas produced
by Type 2 Bulb
in one night

x

=
Number of
Type 2 Bulbs
in the city

kg
Greenhouse gas produced
by all Type 2 Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply
the energy used, the amount of money spent and the carbon footprint by .30 (30%).
We’ll do that next and see just how much is wasted.
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CALCULATION SHEET B: Current Houston Lighting Strategy
Type 2 Bulb: High Pressure Sodium 250W

Instructions
STEP 11 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

=

kWh
Kilowatt-hours wasted
by all Type 2 Bulbs
in one night

Kilowatt-hours used by
all Type 2 Bulbs
in one night

STEP 12– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%).
This gives you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 2 Bulbs
in one night

Amount spent on
all Type 2 Bulbs
in one night

STEP 13– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 2 Bulbs
in one night

Greenhouse gas produced
by all Type 2 Bulbs
in one night

STOP: Before moving on, complete all 13 steps for all three types of
bulbs so that Calculation Sheets A, B and C are complete.
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CALCULATION SHEET C: Current Houston Lighting Strategy
Type 3 Bulb: High Pressure Sodium 150W
With your task force, complete Calculation Sheet C by referencing Data Sheet One
for 150W High Pressure Sodium Bulbs and Steps 1-13 of the step by step instructions.

Instructions

Complete Sheet A, B and C with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 3
Bulb

W

=

Wattage of Type 3
Bulb

lm/W
Efficacy of Type 3
Bulb

STEP 2 – Percentage
Now, we need to know what % of all of the lights in Houston are each bulb type. To determine
this, we’ll divide the number of each bulb type (bulb squares) by the total number of lit squares.

÷
Number of Type 3
Squares

=
Total number of lit
Squares

%
Percent of
Type 3 Lights

STEP 3 – Absolute Number
Now we want to determine the total number of High Pressure Sodium Bulbs in the city. To do
this, we’ll take the percent of Type 3 and multiply it by the total number of lights in the city
(2,000,000).

%
Percent of
Type 3 Lights

STUDENT

x

2,000,000
Total number of
Lights in the city
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=
Number of Type 3
Bulbs in the city
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CALCULATION SHEET C: Current Houston Lighting Strategy
Type 3 Bulb: High Pressure Sodium 150W

Instructions
STEP 4 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W

x

Wattage
of Type 3 Bulb

11

=

Hours in one night

Wh
Energy
used by Type 3 Bulb
in one night

STEP 5 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours.

Wh

÷

1000

=

Energy
used by Type 3 Bulb
in one night

kWh
Kilowatt-hours
used by Type 3
Bulb in one night

STEP 6 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh
Kilowatt-hours
used by Type 3 Bulb
in one night

STUDENT

x

$0.08
Cost per
Kilowatt-hour
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=

$
Amount spent
on Type 3 Bulb
in one night
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CALCULATION SHEET C: Current Houston Lighting Strategy
Type 3 Bulb: High Pressure Sodium 150W

Instructions
Next, calculate the Energy spent, cost and carbon footprint of the city’s current
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
STEP 7 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 3 Bulb
in one night

kg
Greenhouse gas
produced by Type 3
Bulb in one night

STEP 8 – Energy

How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type in Houston.

kWh
Kilowatt-hours
used by Type 3 Bulb
in one night

STUDENT

x

=
Number of
Type 3 Bulbs
in the city
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CALCULATION SHEET C: Current Houston Lighting Strategy
Type 3 Bulb: High Pressure Sodium 150W

Instructions
STEP 9 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$

x

Amount spent on
Type 3 Bulb
in one night

=
Number of
Type 3 Bulbs
in the city

$
Amount spent on
all Type 3 Bulbs
in one night

STEP 10 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the
total number of bulbs of that type.

kg
Greenhouse gas produced
by Type 3 Bulb
in one night

x

=
Number of
Type 3 Bulbs
in the city

kg
Greenhouse gas produced
by all Type 3 Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply
the energy used, the amount of money spent and the carbon footprint by .30 (30%).
We’ll do that next and see just how much is wasted.
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CALCULATION SHEET C: Current Houston Lighting Strategy
Type 3 Bulb: High Pressure Sodium 150W

Instructions
STEP 11 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

=

kWh
Kilowatt-hours wasted
by all Type 3 Bulbs
in one night

Kilowatt-hours used by
all Type 3 Bulbs
in one night

STEP 12– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%).
This gives you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 3 Bulbs
in one night

Amount spent on
all Type 3 Bulbs
in one night

STEP 13– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 3 Bulbs
in one night

Greenhouse gas produced
by all Type 3 Bulbs
in one night

STOP: Before moving on, complete all 13 steps for all three types of
bulbs so that Calculation Sheets A, B and C are complete.
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DATA SHEET TWO: Amount of WASTE for Current Lighting Strategy in Houston
Next, let’s look at our city as a whole and calculate the total amount of energy, money
and greenhouse gases wasted in one night. Refer to steps 11, 12 and 13 on Calculation
Sheets A, B and C to fill in Data Sheet Two.
Data Sheet Two gives you the total energy and money wasted as well as the total excess carbon footprint produced in the city of Houston in ONE night under the CURRENT lighting Strategy.

Instructions
ENERGY (kWh)
WASTED
from STEP 11
Kilowatt-hours wasted
in one night

MONEY ($)
WASTED
from STEP 12
Amount wasted
in one night

CARBON FOOTPRINT (kg)
WASTED
from STEP 13
Greenhouse gas wasted
in one night

Type 1 Bulb: Metal Halide 250W: Sheet A

kWh

$

kg

Type 2 Bulb: High Pressure Sodium 250W: Sheet B

kWh

$

kg

Type 3 Bulb: High Pressure Sodium 150W: Sheet C

kWh

$

kg

$

kg

Grand Total All Bulbs		

kWh
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Propose a NEW Lighting Strategy for the City of Houston

Instructions
Problem Solve and Strategize in Groups
Use your collected and calculated data, along with what you have learned from completing the three Challenges and background research to create strategies for minimizing the energy, cost and carbon footprint expended by the city lights.
Review, research and brainstorm strategies
Together with your Task Force spend the allotted time reviewing and researching your
Problem Solving Worksheets for the Capstone Challenge. Refer to your Background
Information
Create a NEW Lighting Strategy for the City of Houston
Now consider just the distribution of various types of lights in the City of Houston. Brainstorm about changes you might make to the strategy that would reduce the energy
and money spent and lower the carbon footprint.
You can
• Use more energy efficient bulbs
• Reduce the total number of bulbs used
• Decrease the number of hours that the lights are on
Be sure to consider the needs of citizens to have enough light - we can’t just make
Houston dark! How will you balance the need for light with the need to reduce energy
consumption?
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DATA SHEET THREE: NEW, PROPOSED Lighting Strategy in Houston
Use DATA SHEET THREE (3) to write up your New Proposal for lighting the city of
Houston. You will then use it to complete each of the 12 steps on Calculation Sheets
D, E and F to determine how much energy, cost and carbon footprint would be reduced by implementing your proposed new strategies.

Instructions
Proposed TYPE 1P Bulb: _______________________________________________________________
Wattage of each bulb:

____________		

Lumens per bulb:

____________

Proposed hours in one night:

____________

Proposed number of lit bulbs:		

Proposed TYPE 2P Bulb: _______________________________________________________________
Wattage of each bulb:

____________		

Lumens per bulb:

____________

Proposed hours in one night:

____________

Proposed number of lit bulbs:		

Proposed TYPE 3P Bulb: _______________________________________________________________
Wattage of each bulb:

____________		

Lumens per bulb:

____________

Proposed hours in one night:

____________

Proposed number of lit bulbs:

+

Proposed number of lit bulbs
TOTAL:		
STUDENT
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CALCULATION SHEET D: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 1P Bulb: __________________________________ Wattage: _______________
With your task force, complete Calculation Sheet D by referencing Data Sheet 3 for
Type 1P (Proposed) Bulb and Steps 1-12 of the step by step instructions.

Instructions

Complete Sheet D, E and F with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 1P
Bulb

W

=

Wattage of Type 1P
Bulb

lm/W
Efficacy of Type 1P
Bulb

STEP 2 – Absolute Number
Write in your proposed number of Type 1P lit bulbs.

Proposed number
of Type 1P lit Bulbs
in the city

STEP 3 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W
Wattage of Type 1P
Bulb

STUDENT

x

Hrs
Proposed number of
Hours lights will be on
in one night
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=

Wh
Energy used by
Type 1P Bulb
in one night
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CALCULATION SHEET D: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 1P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 4 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours

Wh

÷

1000

=

Energy used by
Type 1P Bulb
in one night

kWh
Kilowatt-hours used by
Type 1P Bulb
in one night

STEP 5 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh

x

$0.08

Kilowatt-hours used by
Type 1P Bulb
in one night

=

$
Amount spent on
Type 1P Bulb
in one night

Next, calculate the Energy spent, cost and carbon footprint of the city’s proposed
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
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CALCULATION SHEET D: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 1P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 6 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 1P Bulb
in one night

kg
Greenhouse gas
produced by Type
1P Bulb in one night

STEP 7 – Energy
How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type proposed for Houston.

kWh

x

Kilowatt-hours
used by Type 1P
Bulb in one night

=
Proposed number of
Type 1P Bulbs
in the city

kWh
Kilowatt-hours used
by all Type 1P Bulbs
in one night

STEP 8 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$
Amount spent on
Type 1P Bulb
in one night

STUDENT

x

=
Proposed number of
Type 1P Bulbs
in the city
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CALCULATION SHEET D: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 1P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 9 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the

total number of bulbs of that type.

kg

x

Greenhouse gas produced
by Type 1P Bulb
in one night

=
Proposed number of
Type 1P Bulbs
in the city

kg
Greenhouse gas produced
by all Type 1P Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply the energy used, the amount of money spent and the carbon footprint by .30
(30%). We’ll do that next and see just how much is wasted.
STEP 10 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

kWh
Kilowatt-hours wasted
by all Type 1P Bulbs
in one night

Kilowatt-hours used by
all Type 1P Bulbs
in one night

STUDENT
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CALCULATION SHEET D: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 1P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 11– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%). This gives
you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 1P Bulbs
in one night

Amount spent on
all Type 1P Bulbs
in one night

STEP 12– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 1P Bulbs
in one night

Greenhouse gas produced
by all Type 1P Bulbs
in one night

STOP: Before moving on, complete all 12 steps for all three types of
bulbs so that Calculation Sheets D, E and F are complete.
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CALCULATION SHEET E: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 2P Bulb: __________________________________ Wattage: _______________
With your task force, complete Calculation Sheet E by referencing Data Sheet 3 for
Type 2P (Proposed) Bulb and Steps 1-12 of the step by step instructions.

Instructions

Complete Sheet D, E and F with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 2P
Bulb

W

=

Wattage of Type 2P
Bulb

lm/W
Efficacy of Type 2P
Bulb

STEP 2 – Absolute Number
Write in your proposed number of Type 2P lit bulbs.

Proposed number
of Type 2P lit Bulbs
in the city

STEP 3 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W
Wattage of Type 2P
Bulb

STUDENT

x

Hrs
Proposed number of
hours lights will be on
in one night
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=

Wh
Energy used by
Type 2P Bulb
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CALCULATION SHEET E: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 2P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 4 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours

Wh

÷

1000

=

Energy used by
Type 2P Bulb
in one night

kWh
Kilowatt-hours used by
Type 2P Bulb
in one night

STEP 5 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh

x

$0.08

Kilowatt-hours used by
Type 2P Bulb
in one night

=

$
Amount spent on
Type 2P Bulb in
one night

Next, calculate the Energy spent, cost and carbon footprint of the city’s proposed
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
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CALCULATION SHEET E: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 2P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 6 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 2P Bulb
in one night

kg
Greenhouse gas
produced by Type 2P
Bulb in one night

STEP 7 – Energy
How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type proposed for Houston.

kWh

x

Kilowatt-hours
used by Type 2P
Bulb in one night

=
Proposed number of
Type 2P Bulbs
in the city

kWh
Kilowatt-hours used
by all Type 2P Bulbs
in one night

STEP 8 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$
Amount spent on
Type 2P Bulb
in one night

STUDENT

x

=
Proposed number of
Type 2P Bulbs
in the city
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CALCULATION SHEET E: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 2P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 9 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the

total number of bulbs of that type.

kg

x

Greenhouse gas produced
by Type 2P Bulb
in one night

=
Proposed number of
Type 2P Bulbs
in the city

kg
Greenhouse gas produced
by all Type 2P Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply the energy used, the amount of money spent and the carbon footprint by .30
(30%). We’ll do that next and see just how much is wasted.
STEP 10 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

kWh
Kilowatt-hours wasted
by all Type 2P Bulbs
in one night

Kilowatt-hours used by
all Type 2P Bulbs
in one night
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CALCULATION SHEET E: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 2P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 11– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%). This gives
you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 2P Bulbs
in one night

Amount spent on
all Type 2P Bulbs
in one night

STEP 12– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 2P Bulbs
in one night

Greenhouse gas produced
by all Type 2P Bulbs
in one night

STOP: Before moving on, complete all 12 steps for all three types of
bulbs so that Calculation Sheets D, E and F are complete.
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CALCULATION SHEET F: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 3P Bulb: __________________________________ Wattage: _______________
With your task force, complete Calculation Sheet F by referencing Data Sheet 3 for
Type 3P (Proposed) Bulb and Steps 1-12 of the step by step instructions.

Instructions

Complete Sheet D, E and F with your Task Force Group.
STEP 1 – Efficacy
First we will calculate the efficacy of the bulbs. Efficacy tells us how well a light source produces
visible light. It is a measure of how well the light source converts energy into light.

lm

÷

Lumens of Type 3P
Bulb

W

=

Wattage of Type 3P
Bulb

lm/W
Efficacy of Type 3P
Bulb

STEP 2 – Absolute Number
Write in your proposed number of Type 3P lit bulbs.

Proposed number
of Type 3P lit Bulbs
in the city

STEP 3 – Energy spent in ONE NIGHT on ONE BULB
The energy used to power a light source is measured in watt-hours (Wh). A 100W light bulb uses
100W of energy per hour. If a 100W bulb is left on for 11 hours, it uses 1100 watts during that time.
So, to find the amount of energy spent PER BULB on one type of bulb, you multiply the wattage
of a single bulb by the number of hours it is on.

W
Wattage of Type 3P
Bulb

STUDENT

x

Hrs
Proposed number of
hours lights will be on
in one night
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=

Wh
Energy used by
Type 3P Bulb
in one night
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CALCULATION SHEET F: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 3P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 4 – Convert to Kilowatt-Hours
Because of how quickly watt-hours add up, we convert watt-hours to kilowatt-hours by dividing
watt-hours by 1000. This gives us the amount of energy spent on ONE BULB in one night in kilowatt-hours

Wh

÷

1000

=

Energy used by
Type 3P Bulb
in one night

kWh
Kilowatt-hours used by
Type 3P Bulb
in one night

STEP 5 – Cost per kilowatt-hour for ONE bulb
How much does it cost to keep a single bulb on in the city of Houston? Electric utility companies
charge $0.08 for each kilowatt-hour. Multiply the kWh used by a single bulb in one night by .08.

kWh

x

$0.08

Kilowatt-hours used by
Type 3P Bulb
in one night

=

$
Amount spent on
Type 3P Bulb in
one night

Next, calculate the Energy spent, cost and carbon footprint of the city’s proposed
lighting strategy.
Lighting the city of Houston takes energy and money. Energy is most commonly
produced with coal, natural gas or nuclear power. When coal and natural gas are
used, chemicals are burned and greenhouse gases are emitted into the air, contributing to air pollution and to climate change.
Greenhouse gases are measured by the amount (mass) of carbon dioxide (CO2)
that is produced when chemicals are burned. The exact amount of CO2 produced
by any one bulb depends on the type of fuel used to produce the energy needed to
power it.
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CALCULATION SHEET F: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 3P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 6 – Amount of Greenhouse gas produced by EACH BULB
For our city, Houston, we will assume that each kWh of energy spent produces .84kg of greenhouse gas (CO2). To determine the amount of greenhouse gas produced by a single bulb, multiply kWh by .84kg/kWh

kWh

x

0.84

=

Kilowatt-hours used
by Type 3P Bulb
in one night

kg
Greenhouse gas
produced by Type 3P
Bulb in one night

STEP 7 – Energy
How many kilowatt hours are spent by ALL bulbs of each type? Multiply the kWh used in one
night for one bulb by the total number of bulbs of that type proposed for Houston.

kWh

x

Kilowatt-hours
used by Type 3P
Bulb in one night

=
Proposed number of
Type 3P Bulbs
in the city

kWh
Kilowatt-hours used
by all Type 3P Bulbs
in one night

STEP 8 – Cost
What is the TOTAL cost of lighting Houston for each type of bulb EACH NIGHT? Multiply the
amount spent in one night on one bulb by the number of bulbs.

$
Amount spent on
Type 3P Bulb
in one night

STUDENT

x

=
Proposed number of
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in the city
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CALCULATION SHEET F: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 3P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 9 – Carbon Footprint
What is the TOTAL amount of greenhouse gasses produced in one night for all bulbs of each
type? Multiply the amount of greenhouse gasses produced in one night for ONE bulb by the

total number of bulbs of that type.

kg

x

Greenhouse gas produced
by Type 3P Bulb
in one night

=
Proposed number of
Type 3P Bulbs
in the city

kg
Greenhouse gas produced
by all Type 3P Bulbs
in one night

How much is wasted?
In order to create a strategy to light our city that reduces the amount of energy
used, the amount of money it costs and the size of the carbon footprint, it would
be helpful to know how much, if any light is being wasted each night.
How might we decide how much light is being wasted? Basically, all of the light
you can see in the photograph is light that is shining UP into space and not down
on earth where we need it. Light that shines up is wasted!
Studies have shown that approximately 30% of all city lighting is wasted by shining
up into space. So one way to determine how much light is being wasted is to multiply the energy used, the amount of money spent and the carbon footprint by .30
(30%). We’ll do that next and see just how much is wasted.
STEP 10 – How much energy is wasted when lighting Houston at night?
Multiply the kWh used in one night for all bulbs of each type by .3 (30%). This gives you the number of kWh wasted each night on each bulb type.

kWh

x

0.3

kWh
Kilowatt-hours wasted
by all Type 3P Bulbs
in one night

Kilowatt-hours used by
all Type 3P Bulbs
in one night
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CALCULATION SHEET F: NEW, PROPOSED Houston Lighting Strategy
Proposed Type 3P Bulb: __________________________________ Wattage: _______________

Instructions
STEP 11– How much money is wasted when lighting Houston at night?
Multiply the amount of money spent in one night on all bulbs of each type by .3 (30%). This gives
you the amount of money wasted each night on each bulb type.

$

x

0.3

=

$
Amount wasted on
all Type 3P Bulbs
in one night

Amount spent on
all Type 3P Bulbs
in one night

STEP 12– How much is the carbon footprint increased by wasted lighting in Houston?
Multiply the carbon footprint, the amount of greenhouse gasses produced each night by .3 (30%).
This gives you the amount of greenhouse gases wasted in one night for each bulb type.

kg

x

0.3

=

kg
Greenhouse gas wasted
by all Type 3P Bulbs
in one night

Greenhouse gas produced
by all Type 3P Bulbs
in one night

STOP: Before moving on, complete all 12 steps for all three types of
bulbs so that Calculation Sheets D, E and F are complete.
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DATA SHEET FOUR: Amount of WASTE for Proposed Lighting Strategy in Houston
Next, let’s look at our city as a whole and calculate the total amount of energy, money
and greenhouse gases wasted in one night. Refer to steps 10, 11 and 12 on Calculation
Sheets D, E and F to fill in Data Sheet Four.
Data Sheet Four gives you the total energy and money wasted as well as the total
excess carbon footprint produced in the city of Houston in ONE night under the
PROPOSED lighting Strategy.

Instructions
ENERGY (kWh)
WASTED
from STEP 10
Kilowatt-hours wasted
in one night

MONEY ($)
WASTED
from STEP 11
Amount wasted
in one night

CARBON FOOTPRINT (kg)
WASTED
from STEP 12
Greenhouse gas wasted
in one night

Proposed Type 1P Bulb: ____________________________________: Sheet D

kWh

$

kg

Proposed Type 2P Bulb: ____________________________________: Sheet E

kWh

$

kg

Proposed Type 3P Bulb: ____________________________________: Sheet F

kWh

$

kg

$

kg

Grand Total All Bulbs		

kWh
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DATA SHEET FIVE: How Much Energy and Money did you save?
Data Sheet Five gives you the total energy and money SAVED and total excess greenhouse gasses SAVED in the city of Houston in ONE night under the NEW lighting
Strategy that you and your group have devised.

Instructions
ENERGY (kWh)
WASTED
from STEP 11
Kilowatt-hours wasted
in one night

MONEY ($)
WASTED
from STEP 12
Amount wasted
in one night

CARBON FOOTPRINT (kg)
WASTED
from STEP 13
Greenhouse gas wasted
in one night

Values from Old Scenario: Data Sheet Two

kWh

ENERGY (kWh)
WASTED
from STEP 10
Kilowatt-hours wasted
in one night

$

MONEY ($)
WASTED
from STEP 11
Amount wasted
in one night

kg

CARBON FOOTPRINT (kg)
WASTED
from STEP 12
Greenhouse gas wasted
in one night

Values from New Scenario: Data Sheet Four

kWh

$

kg

$

kg

Total Amount Saved with new scenerio

kWh
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FINAL REPORT STRATEGY PROPOSAL
Prepare your final report and presentation to the Mayor. Each report
will be judged based on how thoroughly you meet the following criteria:
yy Introduce your findings, including how much energy and money
are wasted and how much the carbon footprint is increased by
wasted lighting.
yy Explain why it is important to minimize the impact of lighting the
city of Houston.
yy Describe your strategy(s) for reducing energy spent, cost and carbon footprint for lighting the city of Houston.
yy Justify with evidence and data (including, but not limited to your
calculated values of savings due to your proposed strategies)
WHY did you choose each of your strategies? Be specific.
yy Describe any potential negative impacts of your strategy and
what you suggest should be done about them.
Write a conclusion or summary statement.
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