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CLEANTECH ENERGY is an innovative, multidisciplinary high-school level curriculum 

that was designed to increase student knowledge, awareness and understanding of the rap-

idly evolving field of energy. Beginning with the fundamentals of energy and energy sourc-

es, the curriculum follows the arc of energy production, distribution and usage, investigat-

ing the environmental, social and economic impacts of each. CleanTech’s unique holistic 

approach incorporates science, engineering and economic models to examine energy issues 

such as global trends and consequences of our energy systems and climate change, while 

local energy use is explored through the lens of building science. Using the school build-

ing as a learning laboratory, students will have the opportunity to assess the building with 

an eye towards increasing efficiency and reducing negative impacts on human health, the 

environment and climate. Finally, CleanTech introduces the science, emerging technologies 

and policy of renewable energy sources such as wind, solar and biomass. Complete with a 

wealth of hands-on activities and student-led investigations, each CleanTech Module con-

tains concepts that support Science, Technology, Engineering and Math (STEM) skills with 

an emphasis on problem-solving, design, innovation and pathways for career exploration.  

MODULE 1: INTRO TO ELECTRICITY introduces the basics of energy as a physical 

concept and the laws that govern it. The focus then shifts to energy sources, with an 

in-depth look at the origin, production and use of fossil fuels. Using maps and indepen-

dent research, students will develop energy profiles of specific countries and develop a 

strategic energy plan for each.

MODULE 2: ELECTRICITY PRODUCTION AND THE GRID is a study of modern 

electricity production and distribution. Lessons encompass the history and mechanics of 

electricity as well as emerging smart grid technology and policy. Activities range from con-

structing simple circuits and generators to conducting cost-benefit analyses of power plants.

MODULE 3: CLIMATE CHANGE explores the relationship between our energy use and 

the Earth’s changing climate as well as the projected social, environmental and economic 

impacts. The Module also explores responses to climate change on a global, national and 

local level. Students will use Paleolithic ice core data to analyze historic CO2 levels and will 

develop maps to identify global climate trends. 

MODULE 4: BUILDING SCIENCE focuses on energy use in buildings. Students will 

employ concepts and techniques of Building Performance to evaluate the air flow and 

electricity use of their classroom and school building, identifying areas needing improve-

ments and avenues of remediation. In this hands-on oriented module, students learn to use 

several “tools of the trade” including a watt-meter and infrared thermometer. Students will 

conduct a building audit of the school and generate a full report with recommendations.

INTRODUCTION
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MODULE 5: RENEWABLE ENERGY introduces students to the mechanics and ap-

plications of various forms of renewable energy. Students will investigate the benefits, 

challenges, science and emerging technologies of each as well as renewable energy policy 

and career pathways in this dynamic sector. Several engaging activities include, creating 

biofuel, building solar thermal water heaters and constructing batteries. 

MODULE 6: WRAP UP brings together all of the topics students have explored 

throughout the CleanTech Energy Unit. CleanTech wrap up activities build on design, 

engineering, policy and economic skills students learned throughout the Unit, encouraging 

students to apply what they have learned to a final project. These activities can be done as 

independent team projects or as extended classroom lessons. 

HOW TO USE THE CURRICULUM MAP 

CleanTech offers a wide array of activities and resources, covering topics ranging from ener-

gy policy to the science of climate change to the mechanics of building HVAC systems. The 

modular design of CleanTech allows teachers to tailor the curriculum to meet the individual 

needs of their classroom. The curriculum activities are grouped into three categories:

GENERAL ACTIVITIES emphasize the foundational knowledge and general concepts 

of each module. Hands-on projects and investigations stress comprehension and applica-

tion of classroom knowledge. These activities are appropriate for all grades as an intro-

duction to the topic.

ACCELERATOR ACTIVITIES center on the policy, economics and new technology of 

the energy industry, with the purpose of introducing students to the complexities and 

evolving nature of the field. The research-oriented nature of these activities encourages 

students to synthesize and evaluate information from a variety of sources. Accelerator ac-

tivities involve data analysis and complex math and may be appropriate for older grades. 

Computer access is strongly advised for certain activities.

GREEN SKILLS ACTIVITIES are modeled on career and technical training for careers 

in the green industry. They focus on developing hard skills in fields such as building per-

formance and renewables through real-world application of classroom knowledge. 

THE CURRICULUM MAP is intended as a guide to help schools and teachers navigate 

the curriculum to develop dynamic and engaging study for their students. For all partici-

pating classes, it is encouraged to try as many activities as possible. 

INTRODUCTION
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INTRO TO ENERGY General Accelerator Green Skills
Lesson 1: What is Energy? How do we use it?

Activity 1A: Energy Transfers •
Activity 1B: Everyday Energy • •
Lesson 2: Sources of Energy and Self-Sufficiency 

Activity 2A: The Quest for Oil •
Activity 2B: Technology and the Fossil Fuel Era •
Activity 2C: Energy Independence •
ELECTRICITY PRODUCTION AND THE GRID 

Lesson 1: Electricity Production: The Power Plant

Activity 1A: Power Plant Hookup •
Activity 1B: Build a Generator • •
Activity 1C: Cost Benefit Analysis/Debate on Electrical Generation •
Activity 1D: The Air You Breathe •
Activity 1E: Nuclear Power Plant Case Study •
Lesson 2: Moving Electricity: Circuitry

Activity 2A: Research Edison and Tesla •
Activity 2B: Series and Parallel Circuits • •
Activity 2C: Electric Current • •
Lesson 3: Electricity Distribution and the Grid 

Activity 3A: Efficiency Calculations • •
Activity 3B: Peak Load •
Activity 3C: NY City Blackout •
Activity 3D: The Smart Grid •
CLIMATE CHANGE

Lesson 1: An Introduction to the Climate System

Activity 1A: It’s Getting Hot in Here: The Greenhouse  Effect in a Bottle •
Activity 1B: Charting the CO2 Data •
Lesson 2: Emissions, Indicators and Effects

Activity 2A: Straight to the Source: Global Greenhouse Gas Emissions •
Activity 2B: Connecting the Climate Dots • •
Lesson 3: Responding to Climate Change  

Activity 3A: Mapping Climate Change: Contributors, Fragilities and Hotspots •
Activity 3B: Reducing Your Carbon Emissions • •

CLEAN TECH CURRICULUM MAP
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BUILDING SCIENCE General Accelerator Green Skills
Lesson 1: Building Science: Why Does It Matter?

Activity 1A: Building Energy Use Mapping • •
Activity 1B: Can a Skyscraper Go Green? •
Lesson 2: Building Science: Lighting and Appliances

Activity 2A: Light Bulb Lab • •
Activity 2B: Too Bright or Just Right •
Activity 2C: Classroom Electrical Appliance Lab • • •
Lesson 3: Heating and Cooling

Activity 3A: Measuring Conductive Heat Transfer •
Activity 3B: Measuring Air Flow •
Activity 3C: School Boiler Room Tour • • •
Lesson 4: Building Occupants: People and Energy Consumption  

Activity 4A: Changing the Energy Culture •
Activity 4B: Reading an Electricity Meter • •
Activity 4C: Follow the Exit Sign for Energy Savings • • •
Lesson 5: School Building Energy Audit

Part I: Lighting Audit (Prerequisite: Activity 2A) • • •
Part II: Appliance Audit (Prerequisite: Activity 2C) • • •
Part III: HVAC and Building Envelope Inspection (Prerequisite: Lesson 3 Reader) • • •
RENEWABLE ENERGY 

Lesson 1: Introduction to Renewable Energy

Activity 1A: Making Batteries • •
Lesson 2: Photovoltaics and Solar Thermal

Activity 2A: Solar Path Finder: Assessing Solar Potential •
Activity 2B: Solar Thermal Water Heater Design • •
Activity 2C: Build a Solar USB Charger • •
Activity 2D: Feed-in Tariff Case Studies •
Lesson 3: Wind

Activity 3A: Wind Speed •
Activity 3B: Locating Sites for Wind Turbines • •
Activity 3C: Wind Turbine Blades • •
Lesson 4: Biomass

Activity 4A: Your Biomass Feedstock •
Activity 4B: Comparison of Ethanol Feedstocks •
Activity 4C: Creating Biofuel • •

CLEAN TECH CURRICULUM MAP
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INTRO TO ENERGY
What is energy, how do we use it, and why does it matter?  In this 

module, students will learn the answers to these questions and more. 

Beginning with the fundamentals of energy in Lesson One, students 

are introduced to the laws of energy as well as the many ways in which 

modern life is dependent on the use of energy. In Lesson Two, the 

focus shifts to energy sources, with students gaining an understanding 

of the differences between renewable and nonrenewable energy 

resources. In an in-depth examination of fossil fuels, students learn 

about their origins, production and use, and investigate the impacts 

on people and the planet. The lesson ends with a look at the evolving 

face of global energy and the need for sustainable self-sufficiency.   

MODULE

1

ENERGY

CleanTech
Inspiring High School Students in STEM, Sustainability, and Careers in the Emerging Green Economy
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In this lesson, the basics of energy are introduced. Students explore energy types, transformations 

and measurements, as well as how important energy is to modern life. 

BACK TO BASICS: ENERGY BOOT CAMP

Energy may take many forms, but it all starts with the sun. The sun is 27 million degrees 

Fahrenheit and has a mass of over 333 thousand times that of the Earth. The sun supplies 

nearly all the energy for the Earth and contains more potential energy than we will ever use. 

Without it, life on Earth would not exist. 

We put the sun’s energy to use in many different ways in our day-to-day lives.  The basic defini-

tion of the word ‘energy’ dates back to ancient Greece, when Aristotle used the term energeia 

to describe work. Energy is essentially the ability to do work or carry out an activity. Similar to 

Aristotle’s theories of potentiality and actuality, there are two main states of energy: potential 

and kinetic.  Potential energy is energy that is stored and ready to be used, while kinetic 

energy is energy that is at work and being actively used. For example, consider a simple 

matchstick. Potential energy is stored in the chemical bonds of the phosphorous or sulfur on 

the head of the matchstick. The friction that occurs when we strike that match against a brick 

causes those chemicals to burn, creating kinetic energy that we see and feel in the form of fire. 

While potential and kinetic are the two major forms of energy, there are several basic types of 

energy, including chemical, radiant, mechanical, thermal, nuclear and electrical. These physi-

cal forms of energy can be classified as potential, kinetic or a combination thereof. 

AN ENERGY SAMPLER

» Chemical energy is energy stored in the bonds of atoms and molecules. When we eat 

food a chemical reaction occurs within our digestive system which breaks the chemical 

bonds in the food and releases the chemical energy.

» Mechanical energy is energy of movement, which is stored in objects by tension. Think 

of a compressed spring, or even your own muscles. When you move, your muscles use 

mechanical energy to allow you to walk.

» Nuclear energy is energy stored in the nucleus of an atom. When the nucleus of the atom 

is split by fission (like in a nuclear reaction) or combined by fusion (as happens on the 

Sun) a tremendous amount of energy is released.

» Radiant energy is electromagnetic energy that travels in waves.  Light is one type of radi-

ant energy.

» Thermal energy, or heat, is the vibration and movement of atoms and molecules within 

substances.

» Electrical energy is delivered by tiny charged particles called electrons, typically moving 

through a wire. 

“I’d put my money on the 
Sun and Solar Energy, what 
a source of Power! I hope we 
don’t have to wait until oil 
and coal run out before we 
tackle that.”

–Thomas Edison

LESSON 1:
What is Energy? 
How do we use it?

Lesson Vocabulary

 » Potential Energy

 » Kinetic Energy

 » Thermodynamics

 » 1st Law of Thermodynamics

 » 2nd Law of Thermodynamics 
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PERPETUAL MOTION IS ILLEGAL: THE LAWS THAT GOVERN ENERGY

Keeping in mind that the sun is the primary source of all energy on Earth, we can see that 

the energy on our planet functions in an interconnected system and follows certain rules. 

Thermodynamics is the study of the transformation of energy from one form to another 

and the ability of energy to do work, particularly in regard to the relationship of thermal 

(heat) energy to other forms of energy. The 1st Law of Thermodynamics states that ener-

gy cannot be created or destroyed; it can only change from one form of energy to another. 

This change happens at equilibrium – the amount of energy you can get out of a system 

is equal to the amount of energy you put into it. Basically, the total amount of energy and 

matter within a system always remains constant, and is always changing from one form to 

another. This idea is also known as the law of conservation of energy. You may be familiar with 

Einstein’s Special Theory of Relativity and the formula, E=mc 2, which explain the relation-

ship between mass and energy in the universe.

So we have one system, containing many forms of energy that are constantly in flux. How 

does this work? To understand a basic energy transfer, let’s think about our own bodies 

and the food we eat. Radiant energy from the sun is collected and converted into chemical 

energy by plants through photosynthesis. We then eat these plants and our bodies trans-

form their chemical energy into the mechanical energy we need to perform physical activi-

ties. Try to think of several examples of energy transfers that you see every day.

The 2nd Law of Thermodynamics is also known as Entropy and refers to the degree of 

disorder in a system. As energy is transferred from one form to another, some of the energy 

is lost in the form of heat. As more energy is lost, the degree of disorder increases and so 

does the level of entropy. Energy naturally travels from warm (more energy) to cold (less en-

ergy); it will flow from cold to warm only if extra energy is added to the system. As energy 

changes from one form to another, and as more energy is lost as heat with each transfer, 

entropy is increased. Heat loss and entropy mean that the energy coming out of a system 

will always be less than the energy going in; no system can have 100% efficiency. 

For a more in-depth explanation of the 2nd Law and example problems, explore:

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/seclaw.html

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/seclaw.html
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Energy can be expressed through many different units. Each type of energy has it’s own dis-

tinct unit, or units, of measurement. The list below provides examples of some of these units.

»  BTU: The amount of heat energy required to heat one pound of water one degree Fahrenheit 

»  Joule: The energy required to pass an electrical current of one ampere through a resis 

tance of one ohm for one second, or work for one watt of power for one second

» Kilowatt hour: The energy for one kilowatt of power for one hour

» Calorie: The energy needed to increase the temperature of one gram of water one de-

gree Celsius

» Nutritional Calorie: 1000 calories

» Ton of TNT: The energy released by one ton of TNT

ENERGY: PUTTING IT TO WORK 

Now that you have an understanding of nature of energy, let’s get more specific. How do 

we use it? Nearly everything we do – turning on a light, driving a car, heating a building, 

creating a product – uses energy. We consume electricity and other forms of energy like 

petroleum in great quantities. Energy use can be divided into three main sectors: industry 

(manufacturing, agriculture, mining, construction, etc.), transportation (road, rail, air, 

marine) and buildings, the last of which is generally split into residential (households) and 

commercial (businesses and institutions). Let’s take a closer look at how much energy each 

sector uses by examining the following charts and graphs.

 U.S. Energy Consumption 
by Sector, 2010 

(in quadrillion BTU)

source: US EIA, Annual Energy Review 2010
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 Global Energy 
Consumption by End-Use 

Sector, 2010
(in quadrillion Btu)

source: US EIA, International Energy 
Outlook 2011

As you can see, the sector using the most energy in the US is industry.  The same is also 

true when we examine worldwide statistics. If you compare the two graphs, however, the 

US uses a much larger percentage of energy for buildings and transportation than the rest 

of the world.

 Total Consumption by 
End-Use Sector, 1949-2010

source: US EIA, Annual Energy Review 2010

The following graph shows that energy demand from each sector has risen steadily in the 

US since the 1950’s. How do current estimates compare with the historical record?
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PLUGGED-IN PLANET

Energy consumption is tied to both economic and population growth.  As increasing num-

bers of people demand more and more energy across the globe, energy usage rates have 

skyrocketed. Combined, total energy consumption around the world increased 70% between 

1980 and 2009, and there is no sign of slowing down. You may be asking yourself: Why does 

this matter? There are many reasons, but the main one is that the sources of energy that 

much of the world is dependent on – fossil fuels (which we will discuss in detail in the next 

lesson) – bring with them a slew of social, environmental, economic and political problems. 

What’s more is that they are a finite resource – they will eventually run out. Stop for a mo-

ment and try to think of all of the ways you use energy each day. What about your friends 

and family? Your neighborhood? Your city? It starts to add up. 

This is especially important in the US. We account for less than 5% of the world’s popu-

lation, yet we consume nearly 20% of the world’s total energy. Between 1949 and 2010, 

energy consumption in the US more than doubled. In 2010, the average person in the US 

consumed 317 million Btu, nearly four times the global average of 81 million Btu. As more 

people and more countries around the world seek to emulate our energy-intensive way of 

life, consumption of energy grows and so do the problems associated with it. Our seem-

ingly insatiable demand for traditional energy is simply not sustainable. What’s required 

now is a paradigm shift in the ways we produce and consume energy.

 World Energy Use 
Consumption, 1990-2035

(quadrillion Btu)

source: US EIA, International Energy 
Outlook 2011

Note: OECD refers to the Organization for 
Economic Cooperation and Development, 
which represents 34 nations and is often 

used to signify the world’s wealthiest and 
most developed economies.


