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History
Originally named The Quality Lighting Teaching Kit,
Turn on the Night was created as a cornerstone project
for UNESCO’s International Year of Light and Light
Based Technologies in 2015 by the Education and
Public Outreach Department of the National Optical
Astronomy Observatory (NOAO) in Tucson, Arizona,
United States.
In an effort to further disseminate the kit and raise
awareness of the issues posed by human-created lighting, the Association of Universities for Research in
Astronomy (AURA), parent organization of NOAO
granted Laser Classroom, LLC the rights to distribute
the kit under the name Turn on the Night, in 2018.

Introduction
The Turn on the Night kit contains all of the materials
and equipment needed to carry out three STEM-based
inquiry Task Force Challenges and a final Capstone
Challenge. Each challenge invites students to plan, design and create strategies for city lighting that balance the
competing concerns of humans and the environment.
When industrial lighting became widely available, and
nighttime became more accessible, economic activity
increased dramatically and the number of potentially
productive hours in a day went up by 50%! But after
over 100 years of increasing light at night, we’re starting to notice some of the negative impacts of industrial
lighting.
Turn on the Night takes a positive, problem solving approach to managing the issues and concerns raised by
the dramatic increase in human-created industrial lighting. For each challenge, students assume the role of task
force members charged with addressing an issue raised
by concerned “citizens”. Working collaboratively in Task
Forces of 4-6, students define problems, collect and analyze data, create and test solutions, and present a report
of recommendations for reducing the negative impact of
lighting, while retaining its intended function.
Three STEM based Task Force Challenges:
1. Glare - Driving in the dark - how we light our roads
2. Sky Glow – The Case of Disappearing Darkness
3. Light Trespass - Privacy and keeping light where we
want it (and out of where we don’t!)
Capstone Challenge
Energy Capstone Project: The financial, energy and
carbon footprint costs of lighting our city
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Teaching and Learning Objectives

Learning Objectives and Outcomes
By the end of these activities, students will be able to:
yy apply what they’ve learned about light pollution and design solutions to modern, outdoor lighting solutions.
yy identify and define the three kinds of light pollution (glare, sky
glow, light trespass) and demonstrate them in a model setting.
yy demonstrate ways to minimize light pollution in real applications.
yy describe the effects light pollution has on human health, safety,
and the environment/wildlife.
yy compare different kinds of outdoor lighting.
Broader learning goals include:
yy reading information critically to extract essential points.
yy synthesizing information from a variety of sources and media.
yy determining an underlying, broader problem from specifics.
yy weighing pros and cons and ideas and solutions.
yy thinking critically about implications and impacts of solutions.
yy working as a team and working with other teams.
yy giving and receiving constructive feedback.
Grade Level
Turn on the Night is designed for students in U.S. grades 6-10 (ages
12-16). However, the activities can easily be adjusted for use through the
undergraduate (college, university) level. Adjusting the activities to be
used in lower grades (elementary, primary) may be difficult due to the
nature of several of the activities.
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Educational Standards

MATH
CCSS.MATH.CONTENT.7.NS.A.3

SOLVE REAL-WORLD AND MATHEMATICAL PROBLEMS
INVOLVING THE FOUR OPERATIONS WITH RATIONAL NUMBERS.
ANCHOR PRACTICES: MATH
MATHEMATICAL PRACTICE #1: MAKE SENSE OF PROBLEMS
AND PERSEVERE IN SOLVING THEM
MATHEMATICAL PRACTICE #2: CONSTRUCT VIABLE ARGUMENTS
AND CRITIQUE REASONING OF OTHERS

COMMON CORE – SCIENCE AND TECHNICAL SUBJECTS
CCSS.ELA-LITERACY.RST.6-8.1
CITE SPECIFIC TEXTUAL EVIDENCE TO SUPPORT ANALYSIS OF
SCIENCE AND TECHNICAL TEXTS.
CCSS.ELA-LITERACY.RST.6-8.2
DETERMINE THE CENTRAL IDEAS OR CONCLUSIONS OF A TEXT;
PROVIDE AN ACCURATE SUMMARY OF THE TEXT DISTINCT
FROM PRIOR KNOWLEDGE OR OPINIONS.
CCSS.ELA-LITERACY.RST.6-8.3
FOLLOW PRECISELY A MUTISTEP PROCEDURE WHEN
CARRYING OUT EXPERIMENTS, TAKING MEASUREMENTS,
OR PERFORMING TECHNICAL TASKS.
CCSS.ELA-LITERACY.RST.6-8.4
DETERMINE THE MEANING OF SYMBOLS, KEY TERMS, AND OTHER
DOMAIN-SPECIFIC WORDS AND PHRASES AS THEY ARE USED IN A
SPECIFIC SCIENTIFIC OR TECHNICAL CONTEXT RELEVANT TO
GRADES 6-8 TEXTS AND TOPICS.
CCSS.ELA-LITERACY.RST.6-8.9
COMPARE AND CONTRAST THE INFORMATION GAINED FROM
EXPERIMENTS, SIMULATIONS, VIDEO, OR MULTIMEDIA SOURCES
WITH THAT GAINED FROM READING A TEXT ON THE SAME TOPIC.
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CCSS.ELA-LITERACY.RST.9-10.3
FOLLOW PRECISELY A COMPLEX MULTISTEP PROCEDURE WHEN CARRYING OUT EXPERIMENTS, TAKING MEASUREMENTS, OR PERFORMING TECHNICAL TASKS, ATTENDING
TO SPECIAL CASES OR EXCEPTIONS DEFINED IN THE TEXT.
CCSS.ELA-LITERACY.RST.9-10.9
COMPARE AND CONTRAST FINDINGS PRESENTED IN A TEXT TO THOSE FROM OTHER
SOURCES (INCLUDING THEIR OWN EXPERIMENTS), NOTING WHEN THE FINDINGS SUPPORT OR CONTRADICT PREVIOUS EXPLANATIONS OR ACCOUNTS.
CCSS.ELA-LITERACY.RST.11-12.2
DETERMINE THE CENTRAL IDEAS OR CONCLUSIONS OF A TEXT; SUMMARIZE COMPLEX CONCEPTS, PROCESSES, OR INFORMATION PRESENTED IN A TEXT BY PARAPHRASING THEM IN SIMPLER BUT STILL ACCURATE TERMS.
CCSS.ELA-LITERACY.RST.11-12.7
INTEGRATE AND EVALUATE MULTIPLE SOURCES OF INFORMATION PRESENTED IN DIVERSE FORMATS AND MEDIA (E.G., QUANTITATIVE DATA, VIDEO, MULTIMEDIA) IN ORDER
TO ADDRESS A QUESTION OR SOLVE A PROBLEM.
CCSS.ELA-LITERACY.RST.11-12.9
SYNTHESIZE INFORMATION FROM A RANGE OF SOURCES (E.G., TEXTS, EXPERIMENTS,
SIMULATIONS) INTO A COHERENT UNDERSTANDING OF A PROCESS, PHENOMENON, OR
CONCEPT, RESOLVING CONFLICTING INFORMATION WHEN POSSIBLE.

NEXT GENERATION SCIENCE STANDARDS
MS-ESS3-3
APPLY SCIENTIFIC PRINCIPLES TO DESIGN A METHOD FOR MONITORING AND MINIMIZING A HUMAN IMPACT ON THE ENVIRONMENT.
MS-ETS1-1
DEFINE THE CRITERIA AND CONSTRAINTS OF A DESIGN PROBLEM WITH SUFFICIENT
PRECISION TO ENSURE A SUCCESSFUL SOLUTION, TAKING INTO ACCOUNT RELEVANT
SCIENTIFIC PRINCIPLES AND POTENTIAL IMPACTS ON PEOPLE AND THE NATURAL ENVIRONMENT THAT MAY LIMIT POSSIBLE SOLUTIONS.
MS-ETS1-2
EVALUATE COMPETING DESIGN SOLUTIONS USING A SYSTEMATIC PROCESS TO DETERMINE HOW WELL THEY MEET THE CRITERIA AND CONSTRAINTS OF THE PROBLEM.
MS-ETS1-3
ANALYZE DATA FROM TESTS TO DETERMINE SIMILARITIES AND DIFFERENCES AMONG
SEVERAL DESIGN SOLUTIONS TO IDENTIFY THE BEST CHARACTERISTICS OF EACH THAT
CAN BE COMBINED INTO A NEW SOLUTION TO BETTER MEET THE CRITERIA FOR SUCCESS.
HS-ESS3-4
EVALUATE OR REFINE A TECHNOLOGICAL SOLUTION THAT REDUCES IMPACTS OF
HUMAN ACTIVITIES ON NATURAL SYSTEMS.
HS-ETS1-1
ANALYZE A MAJOR GLOBAL CHALLENGE TO SPECIFY QUALITATIVE AND QUANTITATIVE CRITERIA AND CONSTRAINTS FOR SOLUTIONS THAT ACCOUNT FOR SOCIETAL NEEDS
AND WANTS.
HS-ETS1-2
DESIGN A SOLUTION TO A COMPLEX REAL-WORLD PROBLEM BY BREAKING IT DOWN
INTO SMALLER, MORE MANAGEABLE PROBLEMS THAT CAN BE SOLVED THROUGH ENGINEERING.
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Materials Included
yy Mini Maglite
yy D cell battery
yy Flash light
yy Book light
yy Cataracts simulator
yy Tape Measure
yy Ping Pong Ball
yy Black PVC Cap
yy Tacks
yy Plain white box
yy Roll of black tape
yy Plastic person figurine
yy Aluminum Foil Sheets
yy Black construction paper
yy Eye Chart
yy City Mat – Grass
yy City Mat – Suburban
yy House Model
yy Houston light map
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Sequence and Flow

The first three (3) challenges in Turn on the Night are designed to engage an entire
classroom (20-30 students) as they work in groups on each of the challenges.
Each of the three (3) Challenges takes four or more 45-minute periods to complete –
plus time for presentation preparation
The final Capstone Challenge: Energy, takes five or more 45-minute class periods depending on how much time the instructor allots for research and presentation preparation.
Introduction (15-45m)
1. Introduce the topic of light and the environment
2. Explain the problem solving process to the class as a group
3. Divide students into Task Forces of 4-6 students
Proposed timeline for EACH Challenge :
Day 1
Background Research and Defining the Problem
yy Students read/research the background material for the Challenge
yy Using the Problem Solving Sheets, students define the problem
in their own words, and come to agreement
Day 2
Learning and Exploration Activity
yy Students receive the Task Force’s set of materials for the Challenge
yy Students use the materials provided to complete the activity or
experiment that accompanies the Challenge.
yy Students re-visit their statement of the problem and adjust it, if
necessary, to again come to agreement as a group.
Day 3
Solutions
yy Students brainstorm and test solutions to their problem
yy Students prepare a presentation to share the problem and their
proposed solutions to the class – you may want to give students
more time for presentation preparation.
TEACHER
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TIME FOR PREPARING PRESENTATIONS – at teacher’s discretion
Day 4
Presentation
yy Each Task Force states the problem and presents their proposed
solutions – you may want to allot 2 full class times for presenting,
depending on how long the presentations are, and whether or
not you allow time for feedback and/or questions and answers.
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Prior to Introducing the Challenges

Basic Set Up
yy Read through this instructor guide in its entirety.
yy Print or copy the background information for each challenge, and
the Problem Solving Sheets.
yy Consider covering the windows of the room with black trash bags
to darken the room as much as possible.
yy Put batteries in all of the flashlights. Batteries are included in the
kit.
yy Gather materials for the students including pencils, markers, colored pencils, paper, tape, etc.
Getting Started
The first 3 challenges posed in Turn on the Night are structured and
modeled in a problem-based learning style. Once the challenge is introduced and posed to students, the instructor takes on the role of a moderator, stepping in only when the students have questions or are stuck.
Students work collaboratively together to define issues and problems,
brainstorm and test solutions, and present a recommended strategy. The
teacher provides structure and answers questions as they arise, but allows the activities to be primarily student driven.
Introduce the Topic of Light and the Environment
Resources for introducing the topic of Light and the Environment are
available at: www.laserclassroom.com/TOTN
Introduce the Problem Solving Process
Use the following outline to introduce students to the iterative process
of problem solving using the Problem Based Learning approach.
Resources to support you with implementing a Problem Based Inquiry
unit can be found at: www.laserclassroom.com/TOTN
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Problem Solving Process

Problem Solving
What are the issues?
Read the issues for your case study carefully. You may want to take notes about important information.

What do we know?
What do we know about the issues? Where can we find more information about the issues?
What have we learned?

What is the problem?
What is the overarching problem that describes the issues? Is there more than one problem?

What are some possible solutions?
How can the problem(s) be solved? What are some solutions? What are the pros and cons of each solution?
What are the consequences (both positive and negative) of the solution

What do we still need to know?
Is there any other information we need to understand the problem more deeply or to have better solutions?
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Task Force Challenges

As mayor, you will assemble a Task Force around each issue.
Students assume the role of Task Force Members charged with
defining the underlying problem expressed in the complaints
and generating feasible solutions to those problems.
Citizen complaints have been sorted into the following three (3) Task
Force Challenges
1. Glare: Driving in the dark – how we light our roads
2. Sky Glow: Astronomy and the Case of the Disappearing Dark Sky
3. Light Trespass: Privacy and keeping light where we want it (and
out of where we don’t!)
And a Capstone Challenge
4. Capstone Challenge: Energy – the financial, energy and carbon
footprint costs of lighting our cities.
The first three (3) Challenges in Turn on the Night are designed to engage an entire classroom or group of 20-30 students at the same time
for four or more 45-minute periods depending on how much time the
instructor allots for presentation preparation.
The Capstone Challenge: Energy, is designed for the entire class to
participate in at the same time and takes five or more 45-minute class
periods, depending on how much time the instructor allots for research
and presentation preparation.
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TASK FORCE CHALLENGE 1: GLARE
Driving in the Dark and How We Light Our Roads
Materials Provided
yy Mini Maglite (batteries in package)
yy Flashlight and 2 D batteries
yy Book light (batteries inside)
yy Cataracts Simulator (Four [4] inkjet transparencies on a ring)
yy Tape measure
yy Eye chart
Print or Copy for Students
yy A set of Challenge 1 Student Instructions
yy Challenge 1 Glare Citizen Letters
yy A set of blank Problem Solving Worksheets
yy The Challenge 1 Background Information for Students
All student handouts are available for download at
www.laserclassroom.com/TOTN
Overview
In this Challenge, students explore the difficulties caused by glare as it
is experienced by people who suffer from cataracts. Students will try to
read the eye chart posted 20 feet (6 meters) away with simulated cataracts and several simulated “street lights”. Students will gather and record data about how glare affects their reading ability. Finally, students
conduct background research and propose solutions for designing
street lights that reduce glare in their city.
Glare is one of three types of light pollution (the other two are sky glow
and light trespass).
Glare is a visual sensation caused by excessive and uncontrolled brightness. It can be disabling or simply uncomfortable. It is subjective, and
sensitivity to glare can vary widely. Older people are usually more sensitive to glare due to the aging characteristics of the eye. Disability
glare is the reduction in visibility caused by intense light sources in the
field of view, while discomfort glare is the sensation of annoyance or
even pain induced by overly bright sources.
Glare is most problematic and dangerous at night, when people are
driving, because of the big difference in light intensity between the
dark of night, and streetlights. This is an even bigger problem for people with eye problems such as cataracts.
TEACHER
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Challenge 1 Instructions - Glare
1. Consider the complaints made by citizens of your city by reading
the Citizen Letter regarding Glare.
2. Begin by brainstorming with your Task Force Members on Problem
Solving Worksheets and write down: What are the issues? What do
you know? What’s the problem? What are some possible solutions?
What do you still need to know?
Students will have been familiarized with the Problem Solving Process and will use the Problem Solving Worksheets to record their
thoughts, ideas and process on these sheets as they work through
understanding, defining and solving the problem at hand.
Resources to support you with implementing a Problem Based
Inquiry unit can be found at: www.laserclassroom.com/TOTN

3. Next, refer to the Background Information on Glare (see Student
Pages). When you have finished reading, revisit your Problem
Solving Worksheets and fill in additional information based on
your reading.
4. Post the eye chart at eye level on a wall. We’re going to use this to
explore how glare affects people with and without aging eyes.
5. Read the smallest line you can at a distance of 6 meters (20 feet)
from the chart. Record the line number you read. For students
with glasses, try to read the smallest line you can, with and without your glasses. For perfect vision, you should be able to read line 8.
6. Then try again with 1 layer of the cataracts simulator immediately in front of your eyes; repeat with 2 layers, 3 layers, and then 4
layers. Each time, record the line numbers you read. The layers of
transparency will simulate different severities of cataracts.
7. Now make the room as dark as you can. Using the large flashlight
in your box, fully illuminate the eye chart (so you can still see it).
Repeat step 6.
8. Keeping the room lights off, have one person in the group stand
near the eye chart pointing the Mini Maglite toward you. Repeat
step 6 under these conditions.
9. Revisit your Problem Solving Worksheets once more. Based on
your experience with glare, how would you update, change or
support your statement of the issues and problems and your proposed solutions?
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At this point, you may want to collect students’ Problem Solving
Worksheets to review and give them constructive feedback as to
whether they are on or off track and to provide guidance if needed.
10. Conduct additional research as needed in order to create a single
group document that states:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one. If students have access to the
internet, consider allowing time to conduct additional research
at this point (to complete step 10) The document students
create in step 10 is critical for developing their presentation.
Resources for additional research on Glare, beyond the background resources contained in this guide, can be found at:
www.laserclassroom.com/TOTN
11. Based on the document you created in step 10, create a presentation for your Mayor and other Task Forces (written report, video,
poster, website etc.) that clearly communicates the issue(s), problem(s), solutions and recommendations.
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TASK FORCE CHALLENGE 2: SKY GLOW
The Case of Disappearing Darkness
Materials Provided:
yy Mini Maglite (batteries in package)
yy Book light (batteries included)
yy Ping pong ball
yy Black PVC cap
yy Black construction paper
yy Aluminum foil
yy White Cardboard Box
Print or Copy for Students
yy A set of Challenge 2 Student Instructions
yy A set of blank Problem Solving Worksheets
yy Challenge 2 Sky Glow Citizen Letter
yy The Challenge 2 Background Information for Students
yy Instructions for constructing a Star Projector
yy Constellation Templates
All student handouts are available for download at
www.laserclassroom.com/TOTN
Overview
In this activity, students will construct and use a Star Projector to determine how different kinds of lights and shields affect the number of stars
that can seen.
Using the Star Projector, students collect and analyze data about the
impact of various types of lights on sky glow. They then use the additional materials in the kit to generate and test solutions to the problems
they define.
Sky glow is the term for what happens when lights from a city shine up
into the sky. This light scatters off of dust, water, smog, clouds, and other
things in the atmosphere creating a light dome or glow over the city. Sky
glow washes out the stars from view; as a result, most people in cities
have never seen a dark night sky. The dark night sky has inspired the
arts, literature, philosophy, and many other areas of our cultural heritage
throughout all of human existence.
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Challenge 2 Instructions - Sky Glow
1. Consider the complaints made by citizens of your city by reading
the Sky Glow Citizen Letters.
2. Begin by brainstorming with your Task Force Members on Problem Solving Worksheets and write down: What are the issues?
What do you know? What’s the problem? What are some possible solutions? What do you still need to know?
Students will have been familiarized with the Problem Solving Process and will use the Problem Solving Worksheets to record their
thoughts, ideas and process on these sheets as they work through
understanding, defining and solving the problem at hand.
Resources to support you with implementing a Problem Based
Inquiry unit can be found at: www.laserclassroom.com/TOTN

3. Next, refer to the Background Information on Sky Glow. When you
have finished reading, revisit your Problem Solving Worksheets
and fill in additional information based on your reading.
4. Refer to the instructions, and make a Star Projector.
5. Place a piece of black construction paper under the Star Projector. Make the room as dark as you can, and turn the Mini Maglite
on.
6. Hold a piece of white paper high enough above the Star Projector
so that the entire circle of stars fills the paper. Make sure the stars
are focused as pinpoints of light. Count the number of stars you
see in ¼ of the circle on the paper and multiply by 4 for the total
number. In a table, record this number along with a description of
the setting.
7. Next, take the cap off the Mini Maglite & use it as its base; put
the ping pong ball on the light bulb, to make a “globe” light, and
place the globe light next to the Star Projector. Estimate what
percent of the stars are still visible (10%? 50%? 75%?). Record this
number along with setting conditions and your observations.

TEACHER

22

TURN ON THE NIGHT™

Task Force Challenges

8. Repeat this step using the black PVC cap in your activity box to
cover the light.
Please note that when the reflector is removed from the Mini
Maglite, the light will stay on and the bulb gets very hot. Therefore, the instructor may want to remove the cap and put the
ping pong ball over the exposed bulb (via a little hole in the ping
pong ball). The reflector can then be used as a stand.
9. Repeat the above step using the book light rather than the Mini
Maglite, both with and without the black cap on top, angling the
book light so that the light goes straight down.
10. How can you maximize the number of stars while having enough
light for people to still see. How can the lights be changed? Is there
a better option than the lights presented? What might your solution look like? Using materials provided by the Mayor, construct a
new shield to go on the lights. Be sure to test it using the Star Projector. What percent of stars are left with your new shield? What
are the consequences (both positive & negative) of your solution(s)
11. Revisit your Problem Solving Worksheets once more. Based on
your experience with Sky Glow, how would you update, change or
support your statement of the issues and problems and your proposed solutions?
At this point, you may want to collect students’ Problem Solving
Worksheets to review and give them constructive feedback as to
whether they are on or off track and to provide guidance if needed.
12. Conduct additional research as needed in order to create a single
group document that states:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one
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If students have access to the internet, consider allowing time
to conduct additional research at this point (to complete step 12)
The document students create in step 12 is critical for developing their presentation. Resources for additional research on Sky
Glow, can be found at: www.laserclassroom.com/TOTN
Based on the document you created in step 12, create a presentation for your Mayor and other Task Forces (written report, video, poster, website etc.) that clearly communicates the issues,
problem(s), solutions and your resulting recommendations.
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TASK FORCE CHALLENGE 3: LIGHT TRESPASS
Privacy and keeping light where we want it (and out of where we don’t!)
Materials Provided
yy Mini Maglite and batteries
yy Book light and batteries
yy Ping pong ball
yy Black PVC cap
yy City mats (2 sheets)
yy House mat (assembly needed)
yy Plastic figurine
yy Aluminum Foil
Print or Copy for Students:
yy A set of Challenge 3 Student Instructions
yy A set of blank Problem Solving Worksheets
yy Challenge 3 Citizen Letters
yy The Challenge 3 Background Information for Students
All student handouts are available for download at
www.laserclassroom.com/TOTN
Overview:
In this activity, students recreate the problems voiced in the complaint
letters and experiment with the type, position and angle of the street
light. They work together to generate, test, document and revise solutions to keep the light coming from street lights task-oriented (e.g.,
find ways to shine the light where needed) and mitigate light trespass
(e.g., find ways not to shine light where it’s not needed).
The third type of light pollution is light trespass. Light trespass occurs
when light goes where it is not needed, wanted, or intended. The most
common example of light trespass is a streetlight shining into a window at night. This can make sleeping (even with curtains or blinds)
difficult. The light is not shining where it is supposed to and is trespassing on other property. Too much light at night, in particular, can have
health effects on humans.
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Challenge 3 Instructions - Light Trespass
1. Consider the complaints made by citizens of your city by reading
the Light Trespass Letters.
2. Begin by brainstorming with your task force members and with
the Problem Solving Worksheets begin to write down: What are
the issues? What do you know? What’s the problem? What are
some possible solutions? What do you still need to know?
Students will have been familiarized with the Problem Solving
Process and will use these sheets to record their thoughts, ideas
and process on these sheets as they work through understanding, defining and solving the problem at hand.
Resources to support you with implementing a Problem Based
Inquiry unit can be found at: www.laserclassroom.com/TOTN
3. Next, refer to the Background Information on Light Trespass. When
you have finished reading, revisit your Problem Solving Worksheets
and fill in additional information based on your reading.
4. In order to solve the problems you’ve identified, you have been
provided with a model of a street, a house, a streetlight (represented by a Mini Maglite or book light), and one figurine of a person. The person should be in the house, laying by the window as
if they are sleeping. Ask yourself: how can we keep the light from
going to unwanted places?
5. Place the house near the street but in the grass. Remove the cap
on the Mini Maglite, and place it on the bottom of the Mini Maglite
to be used as its base. Carefully put the ping pong ball over the
bulb. Place the Mini Maglite across the street from the house.
What are your observations? Where is the light going? Where is
the light not going? Where should the light be going? Try moving
the Mini Maglite to different locations. Record your observations in
a table. Repeat this entire step, building your own solution that will
prevent light from going to unwanted places.
When the reflector is removed from the Mini Maglite, the light
will stay on and the bulb gets very hot. Therefore, the instructor
should remove the cap and put the ping pong ball over the exposed bulb (via a little hole in the ping pong ball). Use the reflector as a stand.
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6. Repeat the above step with the book light shining at a 45 degree
angle. Then try changing the angle of the top of the book light from
45 degrees to shining straight down.
7. See if you can re-create some of the problems you wrote down on
your Problem Solving Worksheets. Spend some time experimenting with various set ups, angles and distances to see what works
and what does not work for solving the problem(s).
8. When you have finished experimenting, revisit your Problem Solving Worksheets once more. Based on your experience, how would
you update, change or support your statement of the issues and
problems and your proposed solutions?
At this point, you may want to collect students’ Problem Solving
Worksheets to review and give them constructive feedback as to
whether they are on or off track and to provide guidance if needed.
9. Conduct additional research as needed in order to create a single
group document that lists:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one.
Resources for additional research on Light Trespass can be found
at: www.laserclassroom.com/TOTN
10. Based on the document you created in step 9, create a presentation for your Mayor and other Task Forces (written report, video,
poster, website etc.) that clearly communicates the issues, problem(s), solutions and recommendations.
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CAPSTONE CHALLENGE: ENERGY
Reducing the energy spent, cost and carbon footprint of lighting a city
Materials Provided:
yy Grid Map of Houston
yy Students should keep and reference notes from their Task Force
Challenges and from watching/listening to each of the other Task
Force presentations.
Print or Copy for Students:
yy A set of Capstone Challenge Student Instructions
yy A set of blank Problem Solving Worksheets
yy Capstone Challenge Citizen Letters
yy The Capstone challenge Data and Calculation Sheets
Overview:
For the Energy Capstone Challenge students begin by collecting, calculating, and analyzing data from the city of Houston’s current night-time
lighting strategy to determine:
yy The amount of energy spent and wasted
yy The amount of money spent
yy The carbon footprint generated.
Next, students conduct background research, and draw on the understanding of issues raised by human created lighting (glare, sky glow and
light trespass) to develop and propose a new lighting strategy for the city.
Finally, students analyze the data generated by their proposal to determine
yy The amount of energy saved
yy The amount of money saved
yy The carbon footprint generated by their proposed lighting strategy.
Process:
Part One: Introduce and frame the issues around the Challenge
yy Begin by introducing students to the challenge, and having them
read the Citizen Letters and Background Information.
yy Have students begin to fill in their Problem Solving Worksheets
based on their reading.
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Part Two: Analyze the Current Strategy
In this section of the challenge, students will work through a series of
calculations for each type of bulb (CALCULATION SHEETS A, B, C). Once
complete, students will have the data they need to fill in DATA SHEET
TWO (2) and determine the TOTAL amount of money wasted, energy
wasted and carbon footprint generated by lights during ONE (1) night in
the city of Houston.
yy Have students refer to their Houston light grid to fill in the missing data on DATA SHEET ONE (1)
There are 3 main types of bulbs used in Houston’s current
lighting strategy:
a. 250W Metal Halide Bulbs appear WHITE on the Grid Map of
Houston
b. 250W High Pressure Sodium Bulbs appear YELLOW on the
Grid Map of Houston
c. 150W High Pressure Sodium Bulbs appear BROWN on the
Grid Map of Houston
yy It is recommended that you work all together as a class, referring
to DATA SHEET ONE (1) to work through CALCULATION SHEET
A. See student pages for detailed instructions on how to work
through the calculation sheets. Invite students to participate in
both calculating and articulating the meaning and relevance of
each calculation so that they understand how they arrive at the
final answers about cost, energy and carbon footprint.
yy Next, have students work in their Task Force Groups to complete
CALCULATION SHEETS B and C. At this point, you, the teacher
(Mayor) can stand back a bit and allow students to work on their
own, answering questions that are posed to you as needed, and,
as much as possible, putting questions back to students so that
they are required to work through their thinking rather than rely
on memorization.
yy Have students refer to CALCULATION SHEETS A, B and C in order
to fill in DATA SHEET TWO (2).
Part Three: Propose a NEW strategy for the city of Houston
For the next part of the challenge, students read additional background
material, and if time allows, conduct independent research to create
and justify a NEW Proposal for lighting the city of Houston.
Allow students 2-4 class periods to conduct independent research while
you, the Mayor, provide some guidance so that students can:
yy Choose what TYPES of bulbs they recommend. Students will consider the brightness, wattage, efficiency, color rendition index etc.
of ALL of the types of lights listed in their background TYPES OF
LIGHTS pages.
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yy Choose the NUMBER of each type of bulb they recommend. The
current strategy uses approximately 2,000,000 (two million) lights
for the entire city. For the population of Houston (approximately
2.3 million), this works out to almost one streetlight per person.
For the area of Houston (approximately 670 square miles) that
works out to about 3000 lights per square mile. Invite students to
consider, and research, whether these are reasonable numbers of
lights for a dense city like Houston. Consider inviting students to
find data on the number of lights per square mile or per person
in another city, such as Tucson, AZ which is considered a city with
very low levels of light pollution. Can the numbers be reduced?
By how much? How might other choices mitigate concerns about
reducing the number of lights?
yy The number of HOURS each type of bulb is left on each night. Refer to the SAFETY INFORMATION as a guide.
yy Provide a detailed justification for their each of their choices
Considerations
yy Brightness (Lumens/Wattage) of the lights chosen
yy Where the lights are and their intended purpose
yy Safety – remember more light is not always more safe
yy Design of the lights – recall from Challenges 1-3 how lights can be
designed to direct light into where it is needed (the ground) and
away from where it is not needed (the sky, for example).
yy Color Rendition Index, or “warmth” of the lights they choose
yy Once all background research is complete, have students revisit
their Problem Solving Worksheets to add to their thinking and
begin to sketch out a proposal for a strategy to include:
a. TYPES of bulbs
b. NUMBER of each type
c. HOURS each type is left on
d. Justifications for each choice
This is a good time to collect the PROBLEM SOLVING WORKSHEETS and be sure that students are on track and have considered several of the following in choosing how many of which
types of lights they wish to propose for the city’s new strategy
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Part Four: Calculate the savings realized by a NEW STRATEGY
When students have completed their research and have finalized their
choices for:
yy TYPES of bulbs
yy NUMBER of each type of bulb
yy HOURS each type of bulb is left on
yy And they have written up justifications for each choice
NOW they are ready to calculate the savings that will be realized by
their new strategy.
yy Begin by having students fill in DATA SHEET THREE (3): New, Proposed Lighting Strategy for Houston.
yy Referring to DATA SHEET THREE (3), have students work through
CALCULATION SHEETS D, E and F.
yy Next, students calculate the amount of energy wasted in a single
night with their proposed strategy by filling in DATA SHEET FOUR
(4).
yy Finally, have students calculate the savings realized with their
NEW STRATEGY by filling in DATA SHEET FIVE (5).
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ENERGY CALCULATIONS: SOLUTIONS
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:		
58
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:		
42
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:		
732

832
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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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

2,000,000
Total number of
Lights in the city
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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

$0.08
Cost per
Kilowatt-hour
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$
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ENERGY CALCULATIONS: SOLUTIONS
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

Kilowatt-hours used
by Type 1 Bulb
in one night

0.84

=

Kilograms of
greenhouse gas
produced per kWh

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

TEACHER

x

=
Number of
Type 1 Bulbs
in the city
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ENERGY CALCULATIONS: SOLUTIONS
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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ENERGY CALCULATIONS: SOLUTIONS
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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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

2,000,000
Total number of
Lights in the city
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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

$0.08
Cost per
Kilowatt-hour
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=

$
Amount spent
on Type 2 Bulb
in one night
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ENERGY CALCULATIONS: SOLUTIONS
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

Kilowatt-hours used
by Type 2 Bulb
in one night

0.84

=

Kilograms of
greenhouse gas
produced per kWh

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

TEACHER

x

=
Number of
Type 2 Bulbs
in the city
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kWh
Kilowatt-hours used
by all Type 2 Bulbs
in one night
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ENERGY CALCULATIONS: SOLUTIONS
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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ENERGY CALCULATIONS: SOLUTIONS
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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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

2,000,000
Total number of
Lights in the city

44

=
Number of Type 3
Bulbs in the city
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ENERGY CALCULATIONS: SOLUTIONS
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

TEACHER

x

$0.08
Cost per
Kilowatt-hour
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=

$
Amount spent
on Type 3 Bulb
in one night
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ENERGY CALCULATIONS: SOLUTIONS
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

Kilowatt-hours used
by Type 3 Bulb
in one night

0.84

=

Kilograms of
greenhouse gas
produced per kWh

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

TEACHER

x

=
Number of
Type 3 Bulbs
in the city
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kWh
Kilowatt-hours used
by all Type 3 Bulbs
in one night
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ENERGY CALCULATIONS: SOLUTIONS
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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ENERGY CALCULATIONS: SOLUTIONS
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.
TEACHER
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ENERGY CALCULATIONS: SOLUTIONS
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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TURN ON THE NIGHT
Presentation Rubric

A key component of problem-based learning is presenting methods and findings to
an audience. After the students have completed their research and activities, determined their questions and problem, have come up with solutions and recommendations, and have analyzed the implications of their solutions, they should present this
information to you, the mayor, and the other groups.
Some ideas are
yy Slide show
yy Poster(s)
yy Video
yy Webpage
yy Skit
yy Song
yy Brochure or pamphlet
Additional PBL assessment resources can be found at
www.laserclassroom.com/TOTN

TEACHER
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TURN ON THE NIGHT
Presentation Rubric

Presentation Rubric
Team Members:_________________________________________________________________________________
Case Study _____________________________________ Date _____________________ Period__________
		

Missing

Poor

Average

Good

Excellent

Teamwork

The students work as a
team, all members present
and participating.

0

1

2

3

4

0

1

2

3

4

0

1

2

3

4

0

1

2

3

4

0

1

2

3

4

Research

The students document
their learning from the
background information
provided, as well as
additional research.

Solution

The students describe a
solution which adequately
solves the problem as
stated, and discuss the pros
and cons of their solution
using proper terminology.

Presentation

Students speak and present
the problem and solution
clearly.

Feedback

Students provide
constructive feedback to
other groups and ask
probing, appropriate
questions.
TOTAL

TEACHER

/ 20
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TURN ON THE NIGHT
Task Force Challenges • Student

TASK FORCE CHALLENGE 1: GLARE
Student Instructions for Challenge 1: Glare
1. Consider the complaints made by citizens of your city by reading
the Citizen Letters regarding Glare.
2. Begin by brainstorming with your Task Force Members. Use the
Problem Solving Worksheets to just begin to write down: What
are the issues? What do you know? What’s the problem? What
are some possible solutions? What do you still need to know?
3. Next, refer to the Background Information on Glare. When you
have finished reading, revisit your Problem Solving Worksheets
and fill in additional information based on your reading.
STUDENT
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4. Post the eye chart at eye level on a wall. We’re going to use this to
explore how glare affects people with and without aging eyes.
5. Read the smallest line you can at a distance of 6 meters (20 feet)
from the chart. Record the line number you read. For students
with glasses, try to read the smallest line you can with and without
your glasses. For perfect vision, you should be able to read line 8.
6. Then try again with 1 layer of the fuzzy transparency immediately in front of your eyes; repeat with 2 layers, 3 layers, and then 4
layers. Each time, record the line numbers you read. The layers of
transparency will simulate different severities of cataracts.
7. Now make the room as dark as you can. Using the large flashlight
in your box, fully illuminate the eye chart (so you can still see it).
Repeat steps 5 and 6.
8. Keeping the room lights off, have one person in the group stand
near the eye chart pointing the Mini Maglite toward you. Repeat
steps 5 and 6 under these conditions.
9. Revisit your Problem Solving Worksheets once more. Based on
your experience with glare, how would you update, change or
support your statement of the issues and problems and your proposed solutions?
10. Conduct additional research as needed in order to create a single
group document that lists:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one.
11. Based on the document you created in step 10, create a presentation for your Mayor and other Task Forces (written report, video,
poster, website etc.) that clearly communicates the issues, problem(s), solutions and recommendations.
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Citizen Letters for Task Force Challenge 1: Glare

Dear Mayor,
I have lived in this city for my entire life, but not
with all your new-fangled lights on the streets.
It is very hard to see while driving at night. They
shine right in my eyes, which is very painful! The
city should do something about this!
Sincerely,
Iris Auld

Dear Mayor,
The lights from the sports field are very bright
and shine all over the place, especially into my eyes
while driving by them at night. I have had close
calls with other drivers. Can’t they just keep the
lights on the field and not on the street?
Sincerely,
Bea Wright
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Background Information for Challenge 1: Glare
Glare
yy Glare is a visual sensation caused by an overly bright, exposed
bulb, meaning that you can see the light bulb itself.
yy Glare can be disabling or simply uncomfortable. (See section on
Disability vs. Discomfort Glare.)
yy Older people are usually more sensitive to glare due to the aging
characteristics of the eye. (See section on Aging Eyes.)
yy Because glare causes pain or discomfort, it can be very unsafe.
When a light is glaring to the eye, it makes it very hard to see, especially while driving.
yy Have you ever been blinded by car headlights? That’s glare!
yy Glare affects everyone in some way.
Shielding and Dimming
yy Glare is reduced when the light bulb is not exposed.
yy Lights should be task-oriented, meaning they light what they
were designed to light.
yy When a shielded fixture orients all the light downward, often
bright light is no longer needed and the wattage can be lowered.
Aging Eyes
yy Glare can severely affect people with aging eyes.
yy Many people of all ages wear glasses. Glare from lights can scatter off dust, dirt, scratches, or smudges on the lenses making the
effects of glare worse.
yy As some people age, they lose some control of the muscle that
changes the size of the pupil when light levels change. This
means that if a light is very bright, the pupil will stay open wider
in older people and more light will enter the eye. This can be very
painful.
yy Cataracts cloud the lens inside the eye. Symptoms include blurriness, lights appearing brighter, poor color perception, and difficulty seeing at nighttime. Advanced cataracts can be corrected
with surgery. The clouding causes more light to scatter inside the
eye. Glaring lights can cause pain and more blurring!
yy Nearly everyone over the age of 60 has pre-cataracts, which can
cause yellowed or blurry vision.
Disability vs. Discomfort Glare
yy Disability glare is the reduction in vision caused by intense light
sources in the field of view, while discomfort glare is the sensation
of annoyance or even pain induced by overly bright sources.
STUDENT
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yy Disability glare degrades your vision by decreasing your ability to
see contrasts and color perception. The loss of vision is caused by
stray light being scattered within the eye.
yy With discomfort glare, the light can be so painfully bright, that it
causes you to have to look away from the light.
Start Here! Resources for additional research on Glare and cataracts can be found at: www.laserclassroom.com/TOTN
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TASK FORCE CHALLENGE 2: SKY GLOW
Student Instructions for Challenge 2: Sky Glow
1. Consider the complaints made by citizens of your city by reading
the Sky Glow Citizen Letters.
2. Begin by brainstorming with your Task Force Members. Use the
Problem Solving Worksheets to just begin to write down: What
are the issues? What do you know? What’s the problem? What
are some possible solutions? What do you still need to know?
3. Construct a data table to record the number of stars you are able
to see under 3 different conditions
4. Next, refer to the Background Information on Sky Glow. When you
have finished reading, revisit your Problem Solving Worksheets
and fill in additional information based on your reading.
5. Refer to the instructions, and construct a Star Projector
6. Place a piece of black construction paper under the Star Projector.
Make the room as dark as you can, and insert the Mini Maglite. Turn
on the Mini Maglite.
7. Hold a piece of white paper high enough above the Star Projector
so that the entire circle of stars fills the paper. Make sure the stars
are focused as pinpoints of light. Count the number of stars you
see in ¼ of the circle on the paper and multiply by 4 for the total
number.
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8. Next, take the cap off the Mini Maglite & use it as its base; put the
ping pong ball on the light bulb, to make a “globe” light, and place
the globe light next to the Star Projector. Estimate what percent
of the stars are still visible (10%? 50%? 75%?). Record this number
along with setting conditions and your observations. Repeat this
step by removing the ping pong ball and replacing with the black
PVC cap in your activity box to cover the light.
9. Repeat the above step using the book light rather than the Mini
Maglite, both with and without the black cap on top, angling the
book light so that the light goes straight down.
10. When you have finished the activity, revisit your Problem Solving
Worksheets once more. Based on your experience with the activity, how would you update, change or support your statement of the
issues and problems and your proposed solutions?
How can you maximize the number of stars while having enough
light for people to still see. How can the lights be changed? Is
there a better option than the lights presented? What might
your solution look like? Using materials provided by the Mayor,
construct a new shield to go on the lights. Be sure to test it using
the Star Projector. What percent of stars are left with your new
shield? What are the consequences (both positive & negative) of
your solution(s)?
11. Conduct additional research as needed in order to create a single
group document that lists:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one
Start Here! Resources for additional research on Sky Glow can be
found at: www.laserclassroom.com/TOTN
12. Based on the document you created in step 11, create a presentation for your Mayor and other Task Forces (written report, video,
poster, website etc.) that clearly communicates the issues, problem(s), solutions and your recommendations.
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Citizen Letters for Task Force Challenge 2: Sky Glow

Dear Mayor,
My daughter and I love looking at planets with our telescope at home. When I was
growing up here, you could see an infinite
number of stars, but now I can only show
my daughter just a few of the brightest ones.
The inspiration that was once there is now
gone! There must be some way to keep the
skies dark for future generations.
Sincerely,
Sol and Skye Noir

Dear Mayor,
I’m a member of the city’s amateur astronomy club.
We hold weekly star parties in the park, as has been the
tradition for many decades. But now we can’t see the
stars in the Milky Way Galaxy anymore! We’re going
to lose this tradition! Help!
Sincerely,
Luna Crater
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Background information for Challenge 2: Sky Glow
Visit the website: www.skyglowproject.com and watch one or more of the time-lapse
videos of the night sky.
Sky Glow
yy Sky glow is when lights from a city shine up into the night sky. This
light scatters off particles in the air causing a glowing haze over
the city and washing out the stars.
yy Millions of people have never seen the Milky Way in the night sky due
to sky glow.
yy Sky glow affects astronomers trying to study objects in outer
space.
yy Sky glow is evidence of wasted light, energy & resources.
Wasted Light
yy Light going up into the night sky that creates sky glow is light that
is wasted and not used where needed on the ground.
yy Roughly 30% of the light used outside is wasted in this way
Heritage
yy A clear view of the night sky has been crucial for navigation for
centuries.
yy It has inspired art, music, literature, science, philosophy, and human curiosity in general.
yy How can we preserve this piece of our cultural heritage for future
generations?
yy International Dark Sky Places are places dedicated to preserving a
dark night sky. (See darksky.org/idsp/).
Observatories and Astronomers
yy Most astronomers need a dark sky to be able to study all of the
faint objects in outer space.
yy If a city produces too much sky glow, astronomers can no longer
see faint objects, and the observatory can become unusable.
yy Different types of light can affect the data astronomers collect at
observatories. Lights which only emit a single color (like low pressure sodium lights) are better because astronomers can remove
that one color from their data. However, white light contains all
the colors of the rainbow; removing all colors would leave no data
for the astronomers to use.
Start Here! Resources for additional research on Sky Glow can be
found at: www.laserclassroom.com/TOTN
STUDENT
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How to Make a Star Projector
Here are instructions for making a Star Projector for the Sky Glow challenge
1. Tape one star template on the underside of the lid of
the white 4-inch x 4-inch x 4-inch box called a Star
Projector. Using a tack, poke holes through the template to match the right size as best you can. Take the
template off.
2. On the bottom part of the box, on the edge in the
middle of each flap, cut a semi-circle that is between
3/8ths and a half an inch in radius. When the flaps are
closed, there should be a hole about ¾” to an inch
big. This will be for the light source (the Mini Maglite).
3. Construct the Star Projector into a cube by folding
the flaps in. To do this, tuck in the flaps on the lid. The
lid (top side of the box) now has punched out holes
representing the stars. On the bottom of the box (the
other end of the box), tuck the flaps into the slots,
making sure they lie flat.
4. Using the electrical tape, seal all four sides on the top
of the cube (the side with the star holes punched
out). Seal as tightly as possible to avoid any light leaks
at the edges of the cube. Avoid covering the stars on
the lid with tape, if possible.
5. Seal up the bottom of the box wherever there are
seams in the folding. Make sure to put enough electrical tape not to allow any light to escape. Avoid covering the big hole on the bottom of the box with tape.
6. Test the Star Projector. In a very dark room, take the
reflector off of the Mini Maglite, place bulb just inside
the hole on the bottom of the box. Turn on the flashlight. Make sure no excess light escapes other than
through the punched out holes at the top of the box.
You are done!
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Star Templates
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TASK FORCE CHALLENGE 3: LIGHT TRESPASS
Student Instructions for Challenge 3: Light Trespass
1. Consider the complaints made by citizens of your city by reading
the Light Trespass Citizen Letters.
2. Begin by brainstorming with your Task Force Members. Use the
Problem Solving Worksheets to just begin to write down: What
are the issues? What do you know? What’s the problem? What
are some possible solutions? What do you still need to know?
3. Next, refer to the Background Information on Light Trespass.
When you have finished reading, revisit your Problem Solving
Worksheets and fill in additional information based on your reading.
4. In order to solve the problems you’ve identified, you have been
provided with a model of a street, a house, a streetlight (represented by a Mini Maglite or book light), and one figurine of a person. The person should be in the house, laying by the window as
if they are sleeping. Ask yourself: how can we keep the light from
going to unwanted places?
5. Place the house near the street but in the grass. Remove the cap
on the Mini Maglite, and place it on the bottom of the Mini Maglite
to be used as its base. Carefully put the ping pong ball over the
bulb. Place the Mini Maglite across the street from the house.
What are your observations? Where is the light going? Where is
the light not going? Where should the light be going?
STUDENT
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6. Try moving the Mini Maglite to different locations. Record your
observations in a table. Repeat this entire step, building your own
solution that will prevent light from going to unwanted places.
7. Repeat the above step with the book light shining at a 45 degree
angle. Then try changing the angle of the top of the book light
from 45 degrees to shining straight down.
8. See if you can re-create some of the problems you wrote down on
your Problem Solving Worksheets. Spend some time experimenting with various set ups, angles and distances to see what works
and what does not work for solving the problem(s).
9. When you have finished experimenting, revisit your Problem
Solving Worksheets once more. Based on your experience, how
would you update, change or support your statement of the issues and problems and your proposed solutions?
10. Conduct additional research as needed in order to create a single
group document that lists:
yy The issue or list of issues raised
yy A clear problem statement
yy Information you believe would be helpful that you have not
been able to obtain (remaining unanswered questions)
yy A list of one or more suggested solutions with justification for
why you recommend each one.
11. Based on the document you created in step 10, create a presentation for your Mayor and other Task Forces (written report, video,
poster, website etc.) that clearly communicates the issues, problem(s), solutions and your recommendations.
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Citizen Letters for Task Force Challenge 3: Light Trespass

Dear Mayor,
Every night my neighbor’s porch light and a streetlight
on our street shine right into my children’s bedroom
windows. We have curtains, but the light still comes in.
It is hard for them to fall asleep with the light shining
in their faces. I’m sick and tired of this light trespassing
onto my property! What can the city do?
Sincerely,
Kurt Tan

Dear Mayor,
I live behind a major shopping center in town. The parking
lot & building lights stay on all night. The bright lights
shines into mine and my neighbors’ homes at all hours of
the night. Why can’t the light be turned off after hours?
Sincerely,
N. Som Nia
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Background Information for Challenge 3: Light Trespass
Light Trespass
yy Light trespass is when light goes somewhere it is unwanted and
unneeded, such as into a bedroom window at night.
yy As you may have experienced, it can be hard to fall asleep or stay
asleep with light shining into your room.
Blue Light at Night
yy Most white lights contain all the colors of the rainbow and a lot of
blue.
yy Blue light at night can have negative effects on people who are
frequently exposed to it.
yy Because blue light waves are the right size to bounce off particles
in our atmosphere, it easily scatters in our atmosphere and thereby contributes to a lot of light pollution.
yy While you sleep, a chemical called melatonin is produced. Melatonin helps regulate many functions in our body. Any light at night
will decrease melatonin production, but blue light suppresses production more than other colors of light
Sleep Cycles
yy Humans have a biological clock that follows the 24 hour cycle of
day and night called the circadian rhythm.
yy Exposure to light at night can disrupt this cycle, such as light from a
streetlight coming in the window or looking at computer, tablet, or
phone screens before bed.
yy This can cause fatigue and insomnia (the inability to sleep at
night) as well as other sleep disorders and health issues.
Lighting Responsibly
yy Making sure lights are task-oriented is key to reducing light trespass. Task-oriented means the light has a specific job. How can
the light be directed only where it needs to be?
yy How might the height of the pole or the spacing between poles
affect light trespass?
Start Here! Resources for additional research on Light Trespass
can be found at: www.laserclassroom.com/TOTN
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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.
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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

x

2,000,000
Total number of
Lights in the city
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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 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

$0.08
Cost per
Kilowatt-hour
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$
Amount spent
on Type 1 Bulb
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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

x

=
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

x

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

89

=

$
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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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

STUDENT
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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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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
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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

STUDENT
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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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