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Unit 3 Overview: Solar Energy

The world currently relies a lot on coal, oil and natural gas for its energy. Fossil fuels are non-
renewable; that is, they draw on finite resources that will eventually dwindle, become too
expensive or too environmentally damaging to retrieve. In contrast, the many types of
renewable energy resources — such as wind, water and solar are available everywhere and can
be constantly replenished.

The intrinsic qualities of solar design afford it great utility for both the homes in the developed
nations and underdeveloped regions too. Sunlight or solar energy can be used directly for
heating, lighting homes, generating electricity for water heating or solar cooking. Solar power is
good for the environment, as it replaces the traditional, and in effect harmful, methods of energy
production.

This new unit introduces students to solar energy as a core element of A Smart Energy Future.
It aims to provide students with an in-depth knowledge about the science and circuits behind
solar technology and its diverse application in the United States and around the world. The
target students for this unit are middle and high school students, grades 6-12.

This unit consists of three lessons. In Lesson 1, students learn about solar energy, the
application of solar technology locally and around the world. They will also learn about the unit
project. In Lesson 2, they will become familiar with the science behind solar energy and what
conditions maximize and minimize solar energy output. In Lesson 3, students conclude the unit
by completing the unit project for which they must research and design a sustainable solar
solution for people living without electricity.

Framing Questions

1 Where does solar energy come from and how is it applicable in both developed and
developing communities?

1 What is the solar technology and how does it work?

1 What are the benefits of solar energy as a renewable energy?

Assessment

Unit activities can serve as formative assessment tools. Use student work to gather information
about progress and identify concepts or skills to reinforce as students continue to work on the
unit. The following activities are particularly useful for formative assessment:

Handout 5: Solar Energy Lab Workshop (Lesson 2, pg. 23)
Handout 7: Solar Innovation Project Assessment Checklist (Lesson 3, pg. 31)

The project-based nature of the unit allows students to demonstrate their learning through
authentic and relevant applications. This unit's summative assessment is the sustainable solar
solution team presentation to demonstrate students’ understanding of solar energy and its
relevant applications.

The Assessment Checklist provides criteria for assessment and a suggested weight for each. If
you wish to use a rubric, work with same-grade-level or subject-area teachers to develop a tool
that is consistent with your school's assessment system.
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Unit 3 Calendar

Day 1 Day 2 Day 3 Day 4 Day 5
Lesson 1: Solar Lesson 2: Solar Lesson 2: Lesson 3: Lesson 3:
Energy and lIts Energy Lab: Continued Design Lab Continued

Global
Application

Students learn the
basics about solar
energy and how it is
used around the
world. They review
the energy action
checklist and also
learn about the unit
project.

- Inspire students
through stories about
the application of
solar technology
around the world

Science Behind
How it is Created

Students read about
and gain an
understanding of the
science behind solar
energy. They
conduct exercises to
calculate the impact
of solar energy and
how to maximize
solar energy output.

- Know what
conditions maximize
and minimize solar
energy output

Students learn more
about solar energy
and its benefits.
They then work in
teams to research
and design an
innovative solar
solution for people
without electricity.

- Create a
sustainable solar
solution for people
living without
electricity

Day 6

Lesson 3:
Continued

Note: Day estimates are based on a 50-minute lesson. Times may vary based on
individual classes and the depth to which you choose to pursue different activities.

Advance Preparation

For Lesson 1:

1 Review the presentation and lesson materials ahead of time.

1 Ensure that you have access to solar lanterns or flashlights for the solar stories exercise.
1 Prepare copies of the solar stories and worksheets for each station. Determine how many

groups you will need based on the number of students in your class.

For Lesson 2:

1 Review the presentation and lesson materials ahead of time.

1 Ensure that you have access to solar kits and graphing programs for the solar lab exercise.

9 Solar Kits (solar panels, multi-meters, alligator clips and wires and LED lights)

9 Data graphing programs (graphing calculator, Excel, Logger Pro, etc.)

For Lesson 3:

1 Review the presentation and lesson materials ahead of time.
1 Ensure that the video links are working correctly prior to the lesson.

A Smart Energy Future

Unit 3: Solar Power and Renewable Energy
© One Million Lights, 2015, 1% Edition




1 Compile print sources and a list of online sources for students to use in their research,
including a basic information packet on each country with background information and
statistics for students to use in their assignment.

Lesson 1: Solar Technology and its Global Application

Length: 50-minute period

This lesson will provide an overview of where solar energy comes from and how it works.
Students will be given a global perspective on solar technology application and be inspired to
take action through stories.

Learning Objectives

In this unit, students will:

1 Engage in a discussion about solar energy, its source and its application in both developed
and developing communities

1 Learn about renewable energy and how it is being used to address the need of light,
especially in marginalized communities

1 Learn about changes they can implement at home to help save energy

Materials

1
T
)l

Handout 1: Unit Overview
Handout 2: Solar Stories Activity Worksheet

Handout 3: Solar Stories: Meet Agustin from Spain; Meet NASA Astronaut Dr.
Leroy Chiao; Meet the Klein Family

Handout 4: Energy Action Checklist (optional)
Presentation: Solar Energy Explained
Equipment to show PowerPoint presentation

Lesson Agenda:

1.

o gk

Introduction (5 minutes)

Presentation: “Solar Energy Explained” (10 minutes)

Activity: Solar Technology Around the World Stories and Videos (20 minutes)

Class Discussion and Presentations: Solar Lighting in Developing Regions (15 minutes)
Review Questions (5 minutes)

Student Questions (5 minutes)

A Smart Energy Future
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Procedure
1. Introduce the Unit.

If you are a guest speaker, please introduce yourself and explain that this part of the curriculum
is part of the CPS Energy “Smart Energy Future” program developed in partnership with Silver
Spring Networks and One Million Lights.

Recall the sources of energy in Unit 1 and ask students about the advantages and
disadvantages of solar energy.

When students have shared their responses, ask:

9 If you could somehow create more renewable energy, how might you help people in
your community address the need of light and help the planet?

After listening to their responses, tell students that in this unit they will explore solar technology
and the application of solar energy.

Distribute Handout 1: Unit Overview. Have students read the overview and answer any
guestions they may have. Explain to them that by completing the unit project, they will become
part of this renewable energy revolution, which can help save natural resources and bring
energy to communities without electricity. They will work in teams to develop a sustainable solar
solution for people living without electricity.

2. Start the Presentation: Solar Energy Explained

Begin a discussion about where solar energy comes from, how it is created and its impact on
the planet.

Ask students questions to assess their knowledge about solar energy and technology and as
you move along share additional details to help supplement their knowledge.

Once you get to solar panels, discuss the applications around them, for example:
9 Solar calculators
9 Solar powered emergency call-boxes on the freeway
9 Solar panels on a home
1 Anything else?

Why should we use Solar?
Possible Answers:
1 The sun will not run out, it is renewable and will last a long time
Sun is eco-friendly and does not harm the Earth
There are no carbon emissions that are leading to global warming
Sun is easily available and accessible
Sun is clean and healthy, it does not harm human beings with toxic fumes

=A =4 4 A
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3. Activity: Solar Technology Around the World Stories and Videos

The purpose of the activity is to transition students from how solar technology works to its global
application. Divide the classroom into 3 stations. Dim the classroom lights and keep a solar
lantern at each station. Distribute Handout 2: Solar Stories Activity Worksheet and Handout
3: Solar Stories (one story) to each station so that each station will have a different story about
solar technology and how it is being applied around the world. Each group will have 5 minutes
to read the story and have a discussion about the story at the station. Once done, they need to
move on to another station and repeat the activity.

Distribute Handout 4: Energy Action Checklist (Optional)

Utilize the handout to do a short presentation on 10 things students can do at home to save
energy.

Note: If time allows, you may wish to show students a video presentation of how students
are creating solar cars. http://100people.org/100people_under_the_sun_australia.php. See
Resources.

4. Class Discussion and Presentations: Solar Lighting in Developing Regions

You can select a student volunteer to come up and write on the board the list of impacts solar
lighting is having on the developing communities. Lead a class discussion.

Instruct students to think about living in a rural community that is completely un-electrified. No
computers, no switches, no outlets, no televisions, no lights, no microwaves. The only light you
have after the sun goes down is a kerosene lantern.

Ask the class:
1 What benefits do you think a solar light would have in that community?

Provide the example of how students are dependent on kerosene lanterns to study in the
evening. There are a number of problems associated with kerosene light strain on the eye,
smoke inhalation and the danger of fire if it is knocked over. A solar light provides clean and
better illumination for additional hours of study.

Additional benefits include:
9 Education: additional study hours for students
9 Health: decrease smoke inhalation and respiratory illness; allow for improved service at
primary health clinics; midwives use solar lights to deliver babies

A Smart Energy Future
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9 Safety: transportation at night
Bio-Conservation: deter wild animals from approaching crops/fields

9 Livelihood: communities that produce handicrafts are able to produce more goods and
generate a higher income

1 Economic savings

=

5. Review the Lesson with Recap Questions.

Go around and ask students the following review questions:
1 Where does solar energy come from?
Possible Answers: sun, electrons
1 How is solar technology being used around the world?
Possible Answers: space, farms, to light and to power homes

1 What are the benefits of solar lighting?
Possible Answers:
9 Education: additional study hours for students
9 Health:
A Decrease smoke inhalation and respiratory illness
A Allow for improved service at primary health clinics
A Midwives use solar lights to deliver babies
9 Safety: transportation at night
Bio-Conservation: deter wild animals from approaching crops/fields
1 Livelihood: communities that produce handicrafts are able to produce more
goods and generate a higher income
1 Economic savings

=

6. Invite students to ask questions.
Let students know you have allocated this time for them to ask questions regarding the lesson.

At the end, summarize and note that there are advantages and disadvantages of solar energy.
Tell students that in the following lesson they will learn more in depth about solar technology,
how it works and how we can reduce the disadvantages of solar by knowing what conditions
maximize solar energy output.

Teacher’s Note: Reference Unit 1: Lesson 1 for Pros and Cons of Energy Sources

You may wish to go back to the community energy grid in Unit 1: Lesson 1. You can use
the table that referenced energy sources and the advantages and disadvantages and
expand on the solar energy section.

A Smart Energy Future
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Handout 1: Unit Overview

Introduction

The world currently relies a lot on coal, oil and natural gas for its energy. Fossil fuels are non-
renewable; that is, they draw on finite resources that will eventually dwindle, become too
expensive or too environmentally damaging to retrieve. In contrast, the many types of
renewable energy resources — such as wind, water and solar are available everywhere and
can be constantly replenished.

In 2013, more than 2,060 solar companies at work throughout the state of California,
employing 47,000 people (according to the Solar Energy Industries Association). California
installed 2,746 MW of solar electric capacity, ranking it first nationally. The 8,544 MW of solar
energy currently installed in California ranks the state first in the country in installed solar
capacity. There is enough solar energy installed in the state to power 1,897,300 homes. The
intrinsic qualities of solar design afford it great utility for homes in California and other states
around the country, as well as developed nations and underdeveloped regions. Sunlight or
solar energy can be used directly for heating, lighting homes, generating electricity for water
heating or solar cooking. Solar power is good for the environment, as it replaces the
traditional, and in effect harmful, methods of energy production.

This unit will introduce you to solar energy as a core element of A Smart Energy Future. You will
gain a better understanding of the science behind solar technology and you will learn about
solar energy, the application of solar technology locally and around the world, as well as what
conditions maximize and minimize solar energy output. For your unit project, you will work in
teams to research and design a sustainable solar solution for people living without electricity! As
you work toward this goal, here are some of the questions you’ll explore:

1 Where does solar energy come from and how is it applicable in both developed and
developing communities?

1 What is the solar technology and how does it work?
1 What are the benefits of solar energy as a renewable energy?

What You Will Do in This Unit

During the unit you will do the following:

1 Learn what is solar energy, its source and its application in both developed and developing
communities

1 Learn about the benefits of renewable energy and how it is being used to address the need
of light, especially in the marginalized communities

1 Explore what conditions maximize and minimize solar energy output
1 Create a sustainable solar solution for people living without electricity
A Smart Energy Future
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Handout 2: Solar Stories Work Sheet

Directions

At each station:
1. Please select:
a. One student to read the story out loud to the group.
b. One student to write down the group answers.
2. Discuss the story in your group.
3. Answer the following questions about each story.
4. Select a student to share your answers with the class.

Worksheet Activity: The Universal Need for Light

1) Whose story do you have? How old are they?

2) Where do they live? What is their town or village like?

3) What do they do and what does their family do? How much do they make?

4) Anything else you've learned about them? Is there something that really interests you?

5) How is their story different from you and your family? How is it similar?

6) How will solar lights help these people?

A Smart Energy Future
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Handout 3: Solar Stories - Meet Agustin

Location: Jumilla, Spain

His Solar Story: Agustin harvests and captures energy from the
sun and provides energy for his farm and for the farms of his
neighbors in Jumilla.

His Bright Hope: Through increased use of solar, Agustin feels
we can maintain the circle of life.

Agustin Carrion Garcia's family has cultivated grapes for as many generations as he can
remember in his native Jumilla, a small town in southern Spain. For this farmer, who follows
nature's cycle of growth and renewal, "the sun is life itself."

During childhood, Agustin spent his weekdays at school and worked the family vineyard each
weekend. He left Jumilla to go to college and study economics, but after completing his studies,
he realized his true passion was working the land. He returned to the vineyard, where he’s been
ever since.

The difficult economics of running a small family farm inspired Agustin to expand the family
business by supplementing grapes with a new crop. Apples? No. Wheat? No. Agustin began
harvesting electricity from the sun. This expansion was made possible because of Spain’s
pioneering incentive program for solar and wind businesses.

Agustin and his family banded together with other farmers—mostly local wine grape
growers—to start a solar farm cooperative. The electricity generated from the farm is sold
back to the local utility through the cooperative. Their farm is part of a larger solar-power
“ecosystem.” Jumilla is also home to one of the world’s largest photovoltaic solar farms, which
generates enough energy to power the entire town. “/f we all unite our efforts to produce clean
energy, we can end our dependence on fossil fuels, stop carbon being released into the
atmosphere, and maintain the circle of life,” says Agustin.

The cooperation between the farmers has paid off. Today, the solar farm generates enough
income to allow Agustin and his family to continue the legacy of his forefathers: sustainable
farming practices. “What’s most important to us,” he says, “is to take care of the environment, so
we won't destroy what our fathers and our fathers’ fathers generated, and we can pass on this
legacy to our children.”

A Smart Energy Future
Unit 3: Solar Power and Renewable Energy
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Handout 3: Solar Stories - Meet Dr. Leroy Chiao

Location: Friendswood, Texas, USA
His Solar Story: An unusual solar-powered workplace.

His Bright Hope: For the world to be as beautiful on the
surface as it is from outer space.

NASA astronaut Dr. Leroy Chiao remembers watching the first Apollo mission on TV when he
was eight years old and knew that this was the life for him. Four space missions, including six
and a half months on the International Space Station, have shown him that dreams do come
true. His time in space has taught him to see all people as citizens of one world. He believes in
a day when solar energy from space can provide all the unlimited clean energy Earth needs.

“The first time | went into space in 1994,” he says, ‘it was literally a dream come true.” He
had spent years preparing for that mission: first in school, earning a Bachelor’s, Master’s, and
Ph.D. in chemical engineering; then four years training with NASA. In 2004, as a veteran of
three shuttle missions, he lived for six and a half months onboard the International Space
Station, a joint venture among 15 countries, stationed approximately 190 miles (350
kilometers) above the surface of the Earth. His training for this mission included learning the
Russian language, and moving between Russian and the U.S. every month for three and a
half years.

His first view of Earth from space was profound: “/t made me think about what’s really
important.” On the Earth’s surface, he knew there was war, famine and suffering. But viewed
from space, country borders blend together. “This is one planet and we’re all on it,” he
realized. “And we’re much better off working together than fighting each other.”

Living in space has also opened him up to the possibilities of solar power. Two solar arrays
jut out from the Space Station like wings, equipped with solar panels. Sunlight hitting
these panels is converted into electricity, powering everything done onboard, including all
experiments. Dr. Chiao can envision a future where a constellation of solar arrays in space
could convert stored solar energy into microwaves, which could be beamed back to targeted
receptors on Earth. If actualized, this process would be more practical than solar farms, which
require a large geographical footprint on Earth.

A Smart Energy Future
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Handout 3: Solar Stories - Meet the Klein Family

Location: Boulder, Colorado, USA

Their Solar Story: They live in a very sustainable solar-
powered community.

Their Bright Hope: That the cumulative effect of small
communities like theirs can have a big impact on our
future.

The Klein family has always been committed to the environment. Jane, Michael and their son
Johannes live by the mantra, "reduce, reuse, recycle." They practice what they preach, down
to reusing jam jars as water glasses. When they heard about the Holiday housing
development, they thought, "Why not put our money where our mouth is and move into a
solar home?"

Developers planned the Boulder, Colorado-based Holiday Neighborhoods with sustainability
in mind. Each “solar home” comes specially constructed and wired for solar panels, with
energy-production displays inside that allow residents to track their use. The panels on the
Kleins’ roof feed solar energy into the local utility’s grid. When they use their appliances, they
pull from that same grid. However, since they make more energy than they use, they actually
get a refund from the power company.

For this eco-conscious family, finding the right community was as important as the home itself.
According to Jane, surrounding themselves in a neighborhood that is so devoted to sustainable
living was a concept they could get excited about. Living among like-minded neighbors now
inspires them to find even more ways to go green. “The philosophy of Holiday was to
create a community where people felt connected to each other and the environment,”
says neighbor Kate Frazier.

Tony Boniface, president of the company that installed Holiday’s solar panels, shares this
philosophy. “The solar array on the rooftops of all the homes here in Holiday is an important
technology. They provide an energy source that is not damaging the Earth,” he says. “We’re
not depleting non-renewable resources ... this is truly an energy source we can be proud of.”

The Kleins’ son Johannes, 11, feels a sense of pride in his ability to shift our planet’s energy-use
habits away from dependence on fossil fuels. “/ thought, wow, | can really make a difference. |
think everyone should make a difference, because we’re gonna need it in the long run,” says
Johannes. His plans for the future? “/ think I'm going to have a solar house when | grow up.”

A Smart Energy Future
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Handout 4: Energy Action Checklist

CONSERVATION

Things you can do to conserve energy!

1.

2.

w

©NO O A

10.

Turn off the lights or heating when not in
use.

Turn off entertainment devices when not
in use (TV, game systems).

Unplug your phone charger and other
appliances when not in use.

Use energy saving light bulbs.

Shut down computer.

Use “smart” power strips.

Use natural light, heat and cooling.

Talk to your parents about energy saving
appliances for your home, programming
digital thermostats and making home
improvements. (windows, doors).

Take shorter showers and close the
water tap when not in use.

Avoid an airplane or driving trip when it is
not essential.

EFFICIENCY

Things you can do cut down your impact!

1.

2.

ook

B ©oowN

Ride a bike/bus/train instead of driving the
car and ride-share if you can.

Replace an old refrigerator and other
appliances with energy efficient ones.
Replace a big car with a more efficient
model.

Take lunch instead of purchasing takeout.
Insulate the water heater.

Insulate the house with better windows
and air seal the house.

Recycle and buy recycled goods.

Choose organic.

Calculate your footprint.

. Market your products online instead of on

paper.
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Lesson 2: Solar Energy Lab — Science Behind How it is Created

Length: Two 45-minute periods

Students read about and gain an understanding of the science behind solar energy. They will
analyze, discuss and conduct calculations to maximize the output of solar panels. This lesson
will provide hands-on experience to encourage students’ curiosity and interest in STEM.

Learning Objectives
In this unit, students will:

1 Understand the science behind solar energy
9 Identify conditions that maximize and minimize solar energy output
1 Calculate the impact of solar energy

Materials

Handout 5: Solar Energy Lab Worksheet

PowerPoint Presentation: “Solar Energy Explained”

PowerPoint Presentation: “How Much Solar Energy Do We Need?”
Solar Kits (solar panels, multi-meters, alligator clips and wires and LED lights)
Data graphing programs (graphing calculator, Excel, Logger Pro, etc.)

Solar Energy Talking Points for instructor

Equipment to show PowerPoint presentations

=A =4 4 =4 -8 4 A

Lesson Agenda:

1. Introduction: Background Information on Solar Energy (15 minutes)
Group Lab Work: Maximizing Solar Panel Output (35 minutes)
Analysis, Discussion and Calculations (20 minutes)

Review Questions: What Did You Learn? (5 minutes)

Student Questions (15 minutes)

aprwn

Procedure

1. Introduce the Lesson on Solar Energy Using the Presentation “Solar Energy
Explained”

Start by talking to students about how solar panels harness the energy of the Sun.
*Use the Solar Energy — Talking Points for Instructor and the PowerPoint Presentation “Solar
Energy Explained.” Ask:

1 Where is solar being used in your home and around your city?

Possible answers: lights, street lights, solar chargers for phones, emergency phones
on freeways

A Smart Energy Future
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After listening to their responses, go through the rest of the presentation highlighting the
following main points:

9 Solar Panels are made of Photovoltaic (PV) cells grouped on a module. These PV cells
produce energy by interacting with sunlight.

1 Explain that sunlight is the energy released by the fusion process that takes place in the
core of the sun. Ask students if they know what this fusion process is to us here on
Earth.

Answer: On Earth, this fusion process is a combination of light and heat.

The basic particles or units of this energy are called photons. These tiny energy packets called
photons are constantly being emitted by the sun.

Tell the students that they are going to learn how these energy packets are converted into
electricity by solar cells. Start by explaining the following points:

9 An electrical current is the flow of electric charge from one point to another. Solar cells
are made of semiconductor materials, mainly — and almost exclusively — crystal silicon.

1 There are two types of silicon that work together in transferring sunlight into power. The
first type is n-type (negative) silicon, which has been added with phosphorus and has
much more electrons for photons to “break loose.”

9 Ask students if they can guess what the other type of silicon is?

Answer: The second type is P-type (positive) silicon, which contains boron thus having
free openings, or holes.

1 Put simply: n-type silicon has charge to give and p-type silicon needs charge.

1 Interms of the electric process, the cells need to be connected to an external load. Metal
contacts are placed both on the n-type and p-type sides of the solar cell, and electrodes
(electrical conductor used to make contact with nonmetal parts) are connected to an
external load.

1 Explain to students that this enables negative charges to travel to a wire, power the load
and continue until reaching a p-type metal contact where it combines with positive
charges.

1 Solar cells are combined within solar panels, which in turn can be wired up in series in
order to give off the required levels of power.

A Smart Energy Future
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1 Draw a diagram on the board or project the image below to help explain the process:

Source: Center for Sustainable Energy

1. Individual photovoltaic (PV) cells are connected to panels. Solar panels convert
sunlight into direct current (DC) electricity.

2. Aninverter converts direct current (DC) into alternating current (AC) for electricity in the
home.

3. The utility meter records the net amount of energy generated through the PV system.
When you’re creating more electricity than you’re using, your meter will spin backward
and the excess electricity is sent to the electric grid. This helps to offset the cost of your
electricity usage at night or on cloudy days when your system is not producing
electricity.

1 Briefly review the role of circuits in the process:

o0 Energy generated from solar panel will power the LED
0 Multi-meter — measure induced current (flow of electrical charge) through the
circuit

2. Have students divide into small groups for group lab work on maximizing solar
panel output.

Distribute solar kits and Handout 5: Solar Energy Lab Worksheet and list the materials inside.
Have students work in pairs to read each section of the handout and answer the questions
together. Tell students what is in their solar kits and that they will use Handout 5 to collect data
on the current and voltage generated by their solar panel outside of the classroom.

Instruct them to use three different variations to measure the current and voltage:
1 Variation 1: Light intensity — shade, direct sunlight, inside the classroom

1 \Variation 2: Angle from the sun — degrees to the ground (i.e., 0, 45, 90)

A Smart Energy Future
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9 \Variation 3: Orientation — North, East, South, West (noting the time of day and position
of the sun)

Instruct students to graph the data in terms of the variation in groups and ask them how the
setup affects the current and voltage generated.

Using solar energy to power (LED) lights, ask students to calculate how many LEDs could their
circuit power?

Have students continue to work in groups to connect their circuit to power an LED light from
their solar kit.

3. Review and discuss Handout 5 and the group calculations.

When students have finished conducting their lab work and completing the exercise and
calculations on Handout 5, hold a class discussion. Ask each group to present their data on
how the setup affected the current and voltage and why it had this effect?

After each group has presented their data, ask the class:
1 How can we maximize solar panel output on a larger scale?

9 In which countries would this technology prove to be more favorable?

Note: If time allows, you may to do this Additional Activity: How Much Sunshine with the
students to calculate the power needed for your state. Support this exercise with
Presentation: “How Much Solar Energy Do We Need?” See the example below.

Additional Activity: How Much Sunshine is Required to Power California? (Optional)
This activity should take 10 minutes. Take the students through the steps so they can answer
the questions through their calculations.

Step 1: How much energy does California use in a day?
9 Hint: Used 259,538,038 megawatt hours in 2012 (a year)
1 Answer: Around 711,000 megawatts a day

Step 2: How much energy does one square mile of sunlight produce in 24 hours?
9 Hint: One square yard of land receives 5 kilowatts of energy in a day
9 Calculations: Convert yards to square miles (1,760 yards in a mile: 3,097,600 square
yards in a square mile); most recent solar technology is at most 30% efficiency (multiply
by .2); then convert to megawatts (divide by 1,000)
1 Answer: 3,098 megawatts of energy

Step 3: How many square miles of solar plants will produce enough power for California?
1 Hint: Use answers to previous two steps
1 Answer: 230 square miles of solar
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Step 4: How much is 250 square miles?
1 Example: Comparison to Death Valley (more than 2,000 square miles) or use a regional
example, i.e., San Bernardino County, with area of 20,015 square miles, is the largest

county in the state.
Step 5: Think about it!

4. Review the lesson with recap questions.

Have a recap class discussion and ask students to share:

1 How does the solar panel work?
1 How did they learn about the variations in solar energy output?

5. Invite students to ask questions.
During this time, allow students to ask questions about the lessons.
Tell students that in the next lesson they will create a sustainable solar solution for people living

without electricity.
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Talking Points for Instructors

Solar Energy

Every day, our sun pours unimaginable amounts of energy into space in the form of infrared and
ultraviolet light, but most of it is in the form of visible light. When this energy falls on Earth, it
warms our planet’s surface, drives ocean currents, rivers, and winds, and is used by plants to
make food. Life on Earth depends on the sun. Every hour, the sun radiates more energy onto
Earth than the entire human population uses in one whole year! So how do we convert that
energy into electricity?

Photovoltaic Cells (draw a diagram on the board to help students visualize the process)

SOLAR PANEL

Visible light can be converted directly to electricity by a DIAGRAM

space-age technology called a photovoltaic cell, also
called a solar cell. Most photovoltaic cells are made from
a crystalline substance called silicon, one of the Earth’s
most common materials. Solar cells are constructed by
layering special materials called semiconductors into thin,
flat sandwiches, called solar cells. There are three layers:
The uppermost layer consists of “n-type silicon,” which
can release negatively charged particles called electrons 2
when stimulated by light. The lower layer is composed of M‘
“p-type silicon” and develops a positive charge when 4
stimulated by light. The middle layer is called the “junction *=<Y/=
layer” and acts as an insulator between the n-type silicon and the p-type silicon.

n-type silicon

7 Junction

p-type silicon

PHOTONS
ELECTRON
FLOW

A ray of light consists of a stream of photons—tiny packets of light energy moving along at
around 300,000 kilometers per second. When these energy packets strike the upper layer of a
solar cell, they jar loose electrons, which build a NEGATIVE charge in the silicon layer
(explaining why it is called n-type silicon). These electrons are attracted to the p-type silicon in
the layer below, but are forced to travel through an electric circuit made of thin connecting wires.
Electrons generated on the upper layers of several cells are gathered together to form an
electric current, and are sent down a wire to a motor or some other appliance. Once they have
done their work, the electrons are allowed to return to the lower layer of the solar cell,
completing the circuit. The amount of electricity the panel can produce depends on the intensity
of the light, the number of cells arranged on the panel and how they are connected to each
other.

Storing Electricity

Solar panels make electricity in all kinds of conditions, from cloudy skies to full sunlight, in all
seasons of the year. But they don’t work at all during the nighttime! To make electricity available
after sundown, the energy must be stored during the day for later use. The usual storage device
is a rechargeable battery.
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Handout 5: Solar Energy Lab Worksheet

As the impacts of global climate change and increased dependence on foreign fuels have
become more prevalent issues, sustainable energy like limitless solar power has become an
excellent alternative to traditional non-renewable resources. Solar panels not only prove useful
in modern and more-developed communities, but also create a lasting impact in the developing
world.

In this solar lab activity, you have the option to use a kit designed by One Million Lights,
available for purchase at http://onemillionstudents.org/shop/ (approximate cost is $50). The kit
consists of a solar panel, numerous wires, LEDs, a protractor, a compass and a multi-meter.
The solar kit components can also be purchased separately via science education sites such
as:

9 http://www.scientificsonline.com/product/solar-lab-1-0

9 http://store.sundancesolar.com/solarlab-1-0-solar-electricity-learning-Kit/

The kit will allow your students to use tools to study the amount of energy produced by solar
photovoltaic cells in order to identify the optimal conditions for using solar panels. They will then
graph their findings and learn about the output of the sun’s energy.

Worksheet: Solar Energy Lab

Group members:

Class: Date:

Part One: Measuring Current

a. Connect alligator clips to the solar panel

b. Connect red and black tester rods to the voltage meter
c. Connect alligator clips to the red and black tester rods
d. Turn on voltage meter to 20V Setting

e. Use the compass for orientation

f. Use the protractor to measure the angle

g. Record all findings in the chart below:
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DATA Intensity Orientation Angle
Testing Direct Shade | Indoors | North | South | East | West 30 |45 | 60 | 90
Sunlight
Multimeter
Reading
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Handout 5: Solar Energy Lab Worksheet

Part Two: Graphing the Results

a. Label the axes
b. Plot findings for: Intensity, Orientation and Angle

o
-

»

MULTIMETER READING

Direct Sunlight Shade
INTENSITIY

Indoors

10

MULITMETER READING

North South East
ORIENTATION
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Handout 5: Solar Energy Lab Worksheet

10

9

8

7

6

5

4

MULITMETER READING

3

2

o° 30° 45° 60° 90°
ANGLE

Part Three: Analysis Questions

a. Which combination of intensity, orientation and angle yielded the highest current?
Why do you think so? How does the time of day and season impact the results?

b. Where are the best places for solar panels worldwide? Which terrains are best
for solar potential?

c. Based on your answer to the first question, where on your school campus is the
best place to install solar panels?
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Lesson 3: Design Lab — Create a Sustainable Solar Solution
Length: Two 50-minute periods

Students gain a better understanding of the advantages of electricity and the benefits of solar
energy, and then work in teams to create a sustainable solar solution for people living without
electricity.

Learning Objectives

In this unit, students will:

1 Gain further background on solar energy and details on why renewable energy is a better
option than non-renewable energy

1 Learn about new innovations in other parts of the world

1 Explore the full implications of life without electricity/energy

91 Design a portable, innovative and sustainable solar energy solution for people living without

electricity
Materials

9 Video: Solar Powered Space Station
o http://www.boeing.com/defense-space/space/spacestation/systems/solar arrays.html

9 Video: Solar Powered Plane
o http://biofriendly.com/blog/6-cool-solar-powered-machines-wvideos/

9 Video: Solar Powered Boat
o0 http://bbc.co.uk/news/business-15330936
9 Video: Solar Railways

o0 http://www.youtube.com/watch?v=Ep4L18zOEY]I

9 Video: Solar Powered Gadgets
o http://www.treehugger.com/clean-technology/10-strange-solar-powered-gadgets.html

1 Presentation: “Solar Energy Explained”
1 Projector for slide show
1 Whiteboards, poster paper and markers
1 Miscellaneous items like rubber bands, push pins, scratch paper, craft items, scissors, glue,
scotch tape and other decorative items
Lesson Agenda — Day 1: Lesson Agenda — Day 2:
1. Introduction: Review Lesson 1 (20 1. Welcome (1 minute)
minutes) 2. Group Presentations (10 minutes
2. Interactive Session (15 minutes) each/40 minutes total)

w

3. Assignment Explanation (10 Student Questions (4 minutes)
minutes) 4. Evaluation and Vote (5 minutes)
4. Student Questions (5 minutes)
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Procedure
Day 1
1. Introduce Lesson 3 with arecap of what is solar technology and provide students
with additional background on solar energy.

Utilize the materials in Lesson 1 (Presentation: Solar Energy Explained) to review the benefits of
solar energy, why renewable energy is a better option than non-renewable energy and its
applications around the world. Show students a selection of videos as examples of the new
innovations in solar energy.

2. Conduct an interactive session with students.

Ask students the following questions:
1 What is the number/percentage of people in the world living without access to
electricity?
Answer: 1.4 billion, a full 20% of the world’s population
1 What are the advantages of electricity?

Possible answers: electricity for refrigerating food, cooking, light at night, powering
equipment in hospitals, offices, schools and homes such as computers and internet

1 What are the disadvantages and challenges of having to use kerosene instead of
electricity?

Possible answers: (Optional — use the slideshow)
1 Kerosene consumes 30-50% of the income of people living in poverty.
1 Kerosene lanterns are unsafe and can cause fires and burns.

1 Inhaling toxic gases emitted from kerosene lamps is the same as smoking 40
cigarettes a day, which causes serious respiratory diseases and health
issues.

Once you feel the students have engaged in an interactive session, move forward by sharing
some general facts about solar.

Teacher’s Note: Facts about Solar
Solar energy is the primary source of energy for all life forms.

Solar energy is clean. No fossil fuels are used to produce heat or electricity with solar
energy. The only pollution is in the manufacturing, transporting and installing of solar
panels.

The sun’s energy can be used in a variety of ways. Solar power can be used to cook
food, heat and cool homes, warm water and light buildings.

Solar thermal power creates electricity by heating water into steam. This heat can be
used to warm the air in your home or the water for your morning shower.

California currently has the largest solar power plant in the world. Covering 1,000 acres
are nine solar thermal plants in the Mojave Desert. For solar energy to generate
electricity, it must be daylight. During night hours, stored solar energy or an alternative
energy source must be used.
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Photovoltaic panels (solar panels) are mainly composed of silicon.

Although the initial investment of solar panels is high, energy from the sun is free. The
payback period may take several years, but money will be saved in the long term.

Problems with solar energy may arise in certain locations. Regions that have an
abundance of cloudy, overcast or rainy days find it hard to benefit from solar power. For
more information, see Solar Energy Pros and Cons.

Solar energy is measured in kilowatt-hours: 1 kilowatt = 1000 watts.

Source: http://www.going-green-challenge.com/interesting-facts-about-solar-
energy.html

Ask students:
1 How much sunshine is required to power California?

=

How much energy does California use a year?

1 How much energy does one square mile of sunlight produce in one day?
What is the unit of measure for solar and how does that equate to other
measures that we are familiar with; for example: 40-watt light bulb equals xxx
solar?

Tell students some facts about carbon emissions, global warming, etc. Then ask them to think
about the pros and cons of renewable energy over non-renewable energy.

Teacher’s Note: Facts about Carbon Emissions and Global Warming

Over the past century, human activities have released large amounts of carbon dioxide
and other greenhouse gases into the atmosphere. The majority of greenhouse gases
come from burning fossil fuels to produce energy, although deforestation, industrial
processes, and some agricultural practices also emit gases into the atmosphere.

Greenhouse gases act like a blanket around Earth, trapping energy in the atmosphere
and causing it to warm. This phenomenon is called the greenhouse effect and is natural
and necessary to support life on Earth. However, the buildup of greenhouse gases can
change Earth’s climate and result in dangerous effects to human health and welfare and
to ecosystems.

According to EPA, global warming refers to the recent and ongoing rise in global
average temperature near Earth’s surface. It is caused mostly by increasing
concentrations of greenhouse gases in the atmosphere. Global warming is causing
climate patterns to change. However, global warming itself represents only one aspect of
climate change.

Climate change refers to any specific change in the measures of climate lasting for an
extended period of time. In other words, climate change includes major changes in
temperature, precipitation or wind patterns, among other effects, that occur over several
decades or longer.

Source: http://www.epa.gov/climatechange/basics/
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3. Explain the assignment to the students.

Explain to students that now that they have learned about the technology and benefits of solar
energy, they are going to design their own solar solutions for communities without electricity.
Divide the class into 4 to 5 groups. Let each group choose a country to study — Kenya,
Philippines, Ethiopia and Argentina. Distribute Handout 6: Solar Innovation Assignment
Overview. Go over the criteria with students and tell them to refer to the checklist as they
complete their project.

4. Invite students to ask questions.

Allot this time for students to ask questions regarding the assignment.

Teacher’s Note: Day 2

Before students present, determine the order of the groups and also any equipment or
materials needed for the presentations, such as projectors for PowerPoint presentations.
Discuss with the class the medium for communication. Consider splitting presentations
into two days depending on whether there are 5 groups to present.

Day 2
1. Welcome
Welcome back the teams and introduce the order in which they will present. Also distribute

Handout 7: Solar Innovation Project Assessment Checklist for students to evaluate
presentations.

2. Group Presentations

Allow each group to present for 10 minutes each. Explain that students can ask questions after
the presentation or at the end of all of the presentations. After each team presentation, students
should fill out their checklist.

3. Student Questions
During this time, allow students to ask questions.

4. Evaluation and Vote

Tell the students that you will collect their evaluation checklists and also have a class vote for
the most innovative and creative solar solution.
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Handout 6: Solar Innovation Assignment Overview

For your solar innovation project assignment, each group will need to:

1) Present general statistics on your focus country (i.e., number of people with electricity,

infrastructure, health care, literacy, etc.)

a. Use BBC and CIA country profile resources

b. Use country packets and statistics

2) Propose a plan taking the following factors into consideration:

a. Solar application: Choose the application you want to focus on; i.e., solar plant,

solar lights, solar stoves, commercial solar panels, solar charging stations,
garden lights, solar water heaters, calculators, watches, etc. Research the most
efficient and cost-effective option.

b. Location: Identify the location where the solution will focus on; i.e., hospitals,
businesses, homes, villages, schools, etc.

c. Objective: How your solution will address the current problems along with the
lack of electricity and the location. Explore issues such as:

= =4 =4 =4 =4

T

Education

Future development/more savings
Jobs

Safe living standards

Environmental benefits (less greenhouse gases, no dangerous by-
products)

Reliable and free “fuel”

Use the most efficient way with least amount of money

d. Challenges: Take into consideration the following challenges:

)l
)l
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Cost of implementation

Available infrastructure (for example, you cannot have a solar plant
without a way to distribute energy)

Workers/materials needed for long-term sustainability

Country specific issues (natural disasters, humidity, climate, cold) that
may affect solar efficiency
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Handout 7: Solar Innovation Project Assessment Checklist

Use this assessment to help you develop a cool innovation. Make sure to include all the
requirements. Your teacher will use this assessment to evaluate your work.

Team: Evaluator:

Percentage of

Requirements Total Grade Comments
Sustainable Solar Student Teacher
Solution Project Comments Comments
General information about 5%

your country. Present general
statistics for the focus country.
(i.e., population, number of
people with electricity,
infrastructure, healthcare,
literacy, etc.)

Source materials. Use at least 5%
three valid sources. (i.e., BBC,
CIA country profiles, country
packets)

Solar Application Choice. 10%
Identify your choice of
application you want to focus on
— solar plant, solar lights, solar
stove, commercial solar panels,
solar charging stations, garden
lights, solar water heaters,
calculators, watches, etc.

Efficiency and Cost- 20%
Effectiveness. Research the
most efficient and cost-effective
option.
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Location. Identify the location
where the solution will be
applied, such as hospitals,
businesses, homes, villages,
schools, etc.

10%

Objective. How does your solar
solution address the current
problems in the country to
improve education, future
development, more savings,
jobs, safe living standards,
environmental benefits, access
to reliable and free fuel, and
efficiency and cost-effectiveness,
along with the lack of electricity?

20%

Challenges. How does your
solution take into consideration
the following: cost of
implementation, available
infrastructure (cannot have a
solar plant without a way to
distribute electricity), workers/
materials needed for long-term
sustainability, country specific
issues (natural disasters,
humidity, cold) that may affect
solar efficiency?

20%

Writing mechanics. Use proper
grammar, sentence structure
and vocabulary

10%

Total

100%
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Resources

Recommended websites have been checked for availability and for advertising and
other inappropriate content. Because website policies and content change frequently,
however, we suggest that you preview the sites shortly before using them.

Lesson 1
Information on Solar Energy

California Energy Commission — Renewable Energy Overview and Programs
www.energy.ca.gov/renewables/

U.S. Energy Information Administration: California Electricity Profile 2012
www.eia.gov/electricity/state/california/

Go Solar California
www.gosolarcalifornia.ca.gov/

Links to Short Videos about Solar Energy in California
National Geographic: Solar Power
http://video.nationalgeographic.com/video/solar-power

Lesson 2

Energy Consumption in California
U.S. Energy Information Administration
http://www.eia.gov/state/?sid=CA

Household Energy Use in California (2009)
http://www.eia.gov/consumption/residential/reports/2009/state briefs/pdf/ca.pdf

PV Cells

Solar Photovoltaic Technology Basics — National Renewable Energy Laboratory (NREL)
http://www.nrel.gov/learning/re _photovoltaics.html

How Do Photovoltaic Cells Work? — NASA
http://science.nasa.gov/science-news/science-at-nasa/2002/solarcells

Video: How PV Cells Produce Electricity
https://www.youtube.com/watch?v=K76r41jaGJg
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Solar Kits
Educational Solar Kits — Silicon Solar
www.siliconsolar.com

Solar Power Kits — Scientifics Online
http://www.scientificsonline.com/science-kits/alternative-enerqy-kits.html

Lesson 3

9 Video: Solar Powered Space Station
0 https://www.youtube.com/watch?v=Wi8MyCVmz6l|
1 Video: Solar Powered Plane
o https://www.ted.com/talks/bertrand piccard s solar_powered adventure?language=e
1 Video: Solar Powered Boat
0 http://bbc.co.uk/news/business-15330936
9 Video: Solar Railways
o0 http://www.youtube.com/watch?v=Ep4L18zOEYI
1 Video: Solar Powered Gadgets
o http://www.treehugger.com/clean-technology/10-strange-solar-powered-gadgets.html

Country Packets and Statistics

The World FactBook — Central Intelligence Agency (CIA)
https://www.cia.gov/library/publications/the-world-factbook/docs/profileguide.html

Unit 3 (General Resources)

Books

Swanson, Jennifer. How Solar Energy Works. Child’s World, 2011.

Chiras, Dan. Power from the Sun: A Practical Guide to Solar Electricity. New Society
Publishers, 2009.
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Websites and Online Articles
Solar Energy:

U.S. Department of Energy, Energy Efficiency & Renewable Energy SunShot Initiative
www4.eere.energy.gov/solar/sunshot/resource_center/

U.S. Department of Energy: Solar in Action Report (PDF)
www.nrel.gov/docs/fy120sti/50203.pdf

California Solar Energy Industries Association
www.seia.org/state-solar-policy/california

San Francisco Public Utilities Commission: Solar
www.sfwater.org/index.aspx?page=133

San Francisco Department of the Environment
www.sfenvironment.org/energy/renewable-enerqgy/solar

Forbes.com: What is Community Solar? It's Coming to California, Jan. 30. 2015
www.forbes.com/sites/uciliawang/2015/01/30/what-is-community-solar-its-coming-to-california/

San Diego Union-Tribune: Solar Power Shines on Apartments, Renters in California, Jan. 29,
2015
www.utsandiego.com/news/2015/jan/29/renters-go-solar/

The New York Times: Why More Panels Should be Facing West, Not South, Dec. 1, 2014
www.nytimes.com/2014/12/02/upshot/why-more-solar-panels-should-be-pointing-west-not-
south.html?abt=0002&abg=0

Carbon Emissions: Overview of Greenhouse Gases
http://www.epa.gov/climatechange/ghgemissions/gases/co2.html

Global Warming: Global Warming Basics
http://www.nrdc.org/globalwarming/f101.asp
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Background Information

Background on Solar Energy

What is Solar Energy?

A
A
A
A
A

The sun is a big gas ball made up mostly of hydrogen and helium atoms.

Every second, the sun radiates an enormous amount of energy out into space.
This energy comes from within its inner core in a process called nuclear fusion.
During nuclear fusion, the high pressure and temperature in the sun’s core cause
hydrogen (H) atoms to come apart.

Four hydrogen nuclei combine, or fuse, to form one helium atom. During the fusion
process, radiant energy is produced, which we see in the form of sunlight.

Solar Energy on Earth

A

To o Do o o Do

It takes millions of years for the radiant energy in the sun’s core to make its way to the
solar surface.

It takes a little over eight minutes for the solar energy to travel to Earth.

The radiant energy travels to Earth at the speed of light: 186,000 miles per second.
That’s 90 million miles in 8 minutes.

Only a tiny portion of the energy from the sun strikes the Earth. Yet this amount of
energy is enormous.

In one day, enough energy strikes the United States to supply the nation’s energy needs
for one and a half years.

About 15 percent of the radiant energy that reaches Earth is reflected back into space.
Another 30 percent is used to evaporate water, which is lifted into the atmosphere and
produces rainfall. The energy is also absorbed by plants, the land and the oceans.

Photovoltaic Cells

A
A

Solar energy can also be used to produce electricity through photovoltaics.
Photovoltaic comes from the words photo, meaning light, and volt, a measurement of
electricity. Photovoltaic cells are also known as PV cells or solar cells.

What are PV cells made of?

T
A

A

Solar cells are made of two thin pieces of silicon.

P-layer is the piece of silicon that has a small amount of boron added to it, which gives it
a tendency to attract electrons, hence has a positive tendency.

N-layer is the piece of silicon that has a small amount of phosphorous added to it, giving
it an excess of free electrons. This is called the n-layer because it has a tendency to give
up electrons, a negative tendency.

When the two pieces of silicon are placed together, some electrons form the n-layer flow
to the p-layer and an electric field forms between the layers.

The p-layer now has a negative charge and the n-layer has a positive charge.
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Electricity from Sunlight

A When the PV cell is placed in the sun, the radiant energy energizes the free electrons.

A If a circuit is made connecting the layers, electrons flow from the n-layer through the wire
to the p-layer. The flow of electrons produces electricity and if a light bulb is placed along
the wire, the electricity will work as it flows.

A The conversion of sunlight into electricity takes place silently and instantly. That is how
solar energy is used to produce electricity.

Source: One Million Lights “Solar Energy Explained”
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Energy Facts

1 The Department of Energy estimates a 40% increase in U.S. demand for electricity by the
year 2030.

9 According to the American Council for an Energy Efficiency Economy report released June
2010 on the energy efficiency benefits of smart grid deployment, consumers could reduce
consumption by 4-12%, with a net savings of between $2 billion and $35 billion over the next
20 years.

1 With a full rollout, U.S. value created from Smart Grid could equal some $131 billion a year
by 2019, according to a 2010 study by McKinsey & Company.

1 The number of electronics products per household has doubled since 1997, and they
consume 11% of residential electricity, according to the Consumer Electronics Association.

1 Consumers given information about energy use and pricing have been shown to reduce
their energy consumption by 5-15%. This is approximately doubled by the availability of
enabling technologies, including programmable communicating thermostats and smart
appliances. A 2% reduction in end-use energy consumption that is enabled by Smart Grid
deployment can deliver 0.1 gigatons of U.S. CO2e GHG reductions. (Source: Demand
Response and Smart Grid Coalition)

1 With 124 million households paying an average of $1200 per year (DOE EIA data), total
residential electricity bills add up to $148 billion. A cutback of 5-15% could equal savings of
$7.5-$22 billion per year. (Source: Demand Response and Smart Grid Coalition).

9 The Electric Power Research Institute has estimated that in the U.S., a smart grid would
reduce carbon from electric power by 25% or roughly 10% of overall U.S. CO2 emissions.
This savings is estimated to have the same impact as removing 140 million cars from the
road.

9 According to industry research, up to 6% of central-plant generated electric power is lost
during transmission and distribution delivery.

1 Smart grid deployments present significant opportunities to reduce greenhouse gas
emissions by 5-9% from 2005 levels and deliver 0.7 gigatons of CO2e GHG reductions that
amount to nearly one-quarter of the Waxman-Markey targets for 2030.

1 Ifall U.S. households saved 15% on their energy use by 2020 the greenhouse gas savings
would be equivalent to taking 35 million cars off the road and would save consumers $46
billion on their energy bills, or $360 per customer each year. (Source: NARUC)

Source: Silver Spring Networks Energy Fact Sheet
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Glossary of Energy, Smart Grid and Solar Terms

ACCESS POINTS - Specially configured nodes on wireless local area networks (WLANS).
Access points act as a central transmitter and receiver of WLAN radio signals.

ADVANCED METER INFRASTRUCTURE (AMI) — Refers to the full measurement and
collection system that includes meters at the customer site; communication networks between
the customer and a service provider, such as an electric, gas or water utility; and data reception
and management systems that make the information available to the service provider.

AUTOMATIC METER READING (AMR) —The technology of automatically collecting
consumption, diagnostic and status data from water meter or energy metering devices (gas,
electric) and transferring that data to a central database for billing, troubleshooting and
analyzing.

AVERAGE COST - The revenue requirement of a utility divided by the utility's sales. Average
cost typically includes the costs of existing power plants, transmission, distribution lines and
other facilities used by a utility to serve its customers. It also includes operating and
maintenance, tax and fuel expenses.

AVERAGE DEMAND - The energy demand in a given geographical area over a period of time.
For example, the number of kilowatt-hours used in a 24-hour period, divided by 24, tells the
average demand for that period.

BATTERY — An electrochemical device that stores and furnishes electric current.

BLACKOUT — A power loss affecting many electricity consumers over a large geographical area
for a significant period of time.

BROWNOUT — A controlled power reduction in which the utility decreases the voltage on the
power lines so customers receive weaker electric current. Brownouts can be used if total power
demand exceeds the maximum available supply. The typical household does not notice the
difference.

DEMAND (Utility) — The level at which electricity or natural gas is delivered to users at a given
point in time. Electric demand is expressed in kilowatts.

DEMAND RESPONSE — Occurs when consumers use less energy during times of typical peak
energy use. The grid then becomes better able to handle energy loads. It also refers to software
that manages customer consumption of electricity in response to supply conditions; for example,
having electricity customers reduce their consumption at critical times or in response to market
prices.

DISTRIBUTED GENERATION — Use of smaller, widely dispersed plants and more varied
energy sources closer to where the energy is being used.

DISTRIBUTION SYSTEM (Electric Utility) — The substations, transformers and lines that convey
electricity from high-power transmission lines to ultimate consumers.

DYNAMIC PRICING - A way of charging the consumer based on hourly variations in power
costs. The three main categories of dynamic pricing are as follows:

1. Real-time pricing — Consumers are charged based on hourly fluctuations in the
cost of power. Consumers can use real-time pricing to plan their electricity use
when prices are lowest.
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2. Peak-time rebate — Consumers are charged the same base rate regardless of
when they use power, but they can earn rebates, or money back, if they use less
power during peak periods.

3. Critical-peak pricing — For a small number of peak demand hours each year,
prices can increase as much as 500%. Customers who reduce their usage during
these periods pay a slightly lower rate.

ELECTRIC CAR — An automobile that is powered exclusively by electricity that is stored in
batteries or another energy storage device. To recharge these vehicles, they must be plugged
into a socket in a manner similar to an electrical appliance.

ELECTRIC UTILITY — Any person or state agency with a monopoly franchise (including any
municipality), which sells electric energy to end-use customers.

ENERGY — Usable power needed to do work, to move an object, or to grow and sustain living
things. Energy may be stored (potential) or working (kinetic). Forms of energy include chemical,
radiant, gravitational, mechanical, thermal, sound and nuclear. Some sources of energy include
sunlight, wind, water, oil, gas, coal, nuclear reactions and heat within the Earth (geothermal).

ENERGY STORAGE — The use of batteries or other devices, such as an electric circuit element
called a capacitor, to store generated energy, eliminating the need to use energy at the moment
of generation.

GAS UTILITY — Any person engaged in, or authorized to engage in, distributing or transporting
natural gas, including, but not limited to, any such person who is subject to the regulation of the
Public Utilities Commission.

GRID — The electric utility companies' transmission and distribution system that links power
plants to customers through high power transmission line service. It is a network of electrical
distribution in the United States that consists of: Western Connection, Eastern Connection, and
Texas Interconnection. Alaska and Hawaii have separate grids.

INDEPENDENT POWER PRODUCER (IPP) — Generates power that is purchased by an
electric utility at wholesale prices. The utility then resells this power to end-use customers.
Although IPPs generate power, they are not franchised utilities, government agencies or
qualifying facilities. IPPs usually do not own transmission lines to transmit the power that they
generate.

INDEPENDENT SYSTEM OPERATOR (ISO) — A neutral operator responsible for maintaining
instantaneous balance of the grid system. The ISO performs its function by controlling the
dispatch of flexible plants to ensure that loads match resources available to the system.

INVESTOR-OWNED UTILITIES -- A private company that provides a utility, such as water,
natural gas or electricity, to a specific service area.

KILOWATT HOUR — A unit for measuring energy, commonly used for electricity. It corresponds
to one kilowatt (kW) of power being used over a period of one hour.

LOAD — The amount of electric power supplied to meet one or more end-user's needs.

LOAD MANAGEMENT - Steps taken to reduce power demand at peak load times or to shift
some of it to off-peak times. This may be with reference to peak hours, peak days or peak
seasons. The main thing affecting electric peaks is air-conditioning usage, which is therefore a
prime target for load management efforts. Load management may be pursued by persuading
consumers to modify behavior or by using equipment that regulates some electric consumption.
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METER — A device for measuring levels and volumes of a customer’s gas and electricity use.

MUNICIPAL ELECTRIC UTILITY — A power utility system owned and operated by a local
jurisdiction.

MUNICIPAL UTILITY — A provider of utility services owned and operated by a municipal
government.

NONRENEWABLE ENERGY — Power source that is harvested for one-time use, primarily from
fossil fuels such as oil, coal and natural gas.

NUCLEAR ENERGY — Power obtained by splitting heavy atoms (fission) or joining light atoms
(fusion). A nuclear energy plant uses a controlled atomic chain reaction to produce heat. The
heat is used to make steam run conventional turbine generators.

PEAK DEMAND - The highest electrical demand within a particular period of time. Daily electric
peaks on weekdays occur in late afternoon and early evening. Annual peaks occur on hot
summer days.

PHOTOVOLTAIC CELL — Photovoltaic (PV) cells are also known as PV cells or solar cells.
They produce energy by interacting with sunlight. Photovoltaic comes from the words photo,
meaning light, and volt, a measurement of electricity. Solar Panels are made of Photovoltaic
(PV) cells grouped on a module.

PLUG-IN HYBRID ELECTRIC VEHICLES - Cars and trucks whose engines use a combination
of gasoline and electrical power to maximize fuel efficiency. To recharge the electrical battery,
these vehicles are designed to plug into a socket in a manner similar to an electrical appliance.

RELAYS — Extend the RF signal in spots where a meter isn’t located and an Access Point
remains out of reach. Behaving much like repeaters in an Ethernet network, Relays are easily
deployed on pole tops or building floors to propagate the RF signal.

RENEWABLE ENERGY — Resources that constantly renew themselves or that are regarded as
practically inexhaustible. These include solar, wind, geothermal, hydro and wood. Although
particular geothermal formations can be depleted, the natural heat in the earth is a virtually
inexhaustible reserve of potential energy. Renewable resources also include some experimental
or less-developed sources such as tidal power, sea currents and ocean thermal gradients.

RENEWABLE RESOURCES — Renewable energy resources are naturally replenishable, but
flow-limited. They are virtually inexhaustible in duration, but limited in the amount of energy that
is available per unit of time. Renewable energy resources include: biomass, hydro, geothermal,
solar and wind. In the future they could also include the use of ocean thermal, wave and tidal
action technologies. Utility renewable resource applications include bulk electricity generation,
on-site electricity generation, distributed electricity generation, non-grid-connected generation
and demand-reduction (energy efficiency) technologies.

ROLLING BLACKOUT — A series of intentional electrical power outages in a region, created to
conserve energy when the power supply is low.

SMART GRID — A comprehensive set of technologies and devices working together in homes,
businesses, and throughout the electrical distribution system. Collectively, smart grid
technologies are like a nervous system through which all of the parts of the electrical grid
communicate and interact. The smart grid has been compared to an Internet for energy. Some
features of a smart grid include:

1. Using two-way communication to monitor energy use
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Shifting use from peak to off-peak periods through the use of dynamic pricing

Two-way energy distribution where users may generate some of their own energy (e.g.,
with solar panels, wind generators or plug-in electric vehicles)

4. Use of distributed generation to take advantage of a wide variety of energy sources,
including using renewable energy sources during periods of availability

5. Updating infrastructure, including rebuilding and renovating aging power plants and
distribution cables and lines to use more efficient technologies, as well as creating state-
of-the-art energy distribution systems

SMART METER - A device installed in a home to monitor household energy use and provide
information on the amount and cost of energy use throughout the day. Smart meters are
designed to allow users to adjust their energy use to save energy and money. The information
that is recorded is communicated at least daily back to the utility for monitoring and billing
purposes.

SOLAR ENERGY - Power obtained using the sun’s rays to create heat or electricity, which is
unlimited, clean and renewable.

TIME-OF-USE (TOU) METER — A measuring device that records the times during which a
customer uses various amounts of electricity. This type of meter is used for customers who pay
time-of-use rates.

TIME-OF-USE (TOU) RATES — The pricing of electricity based on the estimated cost of
electricity during a particular time block. Time-of-use rates are usually divided into three or four
time blocks per 24-hour period (on-peak, mid-peak, off-peak and sometimes super off-peak)
and by seasons of the year (summer and winter). Real-time pricing differs from TOU rates in
that it is based on actual (as opposed to forecasted) prices, which may fluctuate many times a
day and are weather-sensitive, rather than varying with a fixed schedule.

UTILITY — A company engaged in producing and distributing electrical power for the public.
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Silver Spring Networks, Inc.
555 Broadway Street
Redwood City, CA 94063
www.silverspringnet.com
www.asmartenergyfuture.com
partnerships@silverspringnet.com

OneMillionLights

One Million Lights
PO Box 444
Palo Alto, CA 94302
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