
5.01 CleanTech

REnEwablE EnERgy 
This module introduces students to renewable energy resources, 

their mechanics and applications. Students will explore the benefits 

of the various forms of renewable energy and research challenges 

to widespread implementation. Throughout the module, projects 

and model-building give students opportunities to apply scientific 

knowledge to create renewable energy in action. Additionally, 

research projects encourage in-depth investigations of renewable 

energy policies, technological innovation and career pathways. 
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This lesson offers a general overview of various types of renewable energy resources in current use, 

including wind, solar, biomass, geothermal, hydropower and ocean power. Students will understand 

the mechanics of these renewable energy systems and will explore designs and applications of renew-

able energy technologies. Challenges to implementing renewable energy are discussed in tandem with 

renewable policy and incentives. Lastly, students will investigate decentralized infrastructure as it 

relates to microgrids and renewable energy. 

InTRoduCTIon To REnEwablE EnERgy 

The term Renewable Energy refers to any form of energy which can be naturally replen-

ished. Renewable energy sources are either infinite or constantly renewing. In general, 

renewable energy sources do not negatively impact the environment in the same way that 

non-renewable resources do. By replacing non-renewable energy sources with renewable 

ones, we can reduce our greenhouse gas emissions as well as the air pollution and environ-

mental destruction caused by the extraction, transporting and burning of fossil fuels. 

Solar, wind and geothermal all rely on being sited in locations that maximize their abil-

ity to generate power. The renewable energy atlas is an interactive tool that illustrates the 

geographic availability of renewable energy resources in the United States: 

http://maps.nrel.gov/re_atlas

“Renewables represented 

half of newly installed 

electric capacity worldwide 

in 2010, and they are 

becoming increasingly 

important in the heating 

and transport sectors.”

LESSON 1:
Introduction to 
Renewable Energy

lesson Vocabulary

 » Biomass 

 » Concentrating Solar  

Power Plant 

 » Geothermal

 » Hydroelectricity

 » Nacelle

 » Ocean Energy System

 » Photoelectric Effect

 » Photovoltaics

 » Solar Thermal

 » Tidal Power

 » Wind Turbine

Global Renewable Energy 
Consumption by Source 

source: Renewable Energy Policy Network

World

U.S.

U.S.
Fossil fuels 83%
Renewable 8%
Nuclear 9%

World
Fossil fuels 80.6%
Renewable 16.7%
Nuclear 2.7%

Nuclear

http://maps.nrel.gov/re_atlas
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Wind POWER

Wind power is the production of electricity using 

the kinetic energy of the wind to spin the blades 

of a turbine. For hundreds of years wind energy 

was used to power the windmills of Europe and 

Asia, converting the wind’s kinetic energy into 

mechanical energy, turning wheels to grind 

grain. Today wind-driven generators are used to 

convert the wind’s kinetic energy into electrical 

energy. These generators are called wind tur-

bines. According to a 2012 report by the Energy 

Information Administration, wind power cur-

rently produces over 47 thousand megawatts of 

the US electricity – 3%–4% of total electricity generation nationwide. With over 10,000 MW 

of installed capacity, Texas produces more wind power than any other state.

Wind energy is converted into electrical energy using a wind turbine, which consists of a 

tower to support the mechanical components including the blades, rotor and nacelle. 

The force of the wind on the blades causes them to spin the rotor, which spins the gear 

shaft that then turns the generator to make electricity. 

SOlaR POWER

Solar energy is the primary source of energy on 

the Earth. Since ancient times, people have used 

energy from the sun. It creates and influences 

weather, and provides plants with the energy 

they need to perform photosynthesis, which is 

the foundation of the food-energy cycle. The rays 

of sunlight that reach the Earth (radiation) can 

be converted into other forms of energy such as 

heat or electricity. Both sunlight and solar heat 

can be harnessed for a variety of energy purposes. 

Solar thermal energy uses heat from the sun 

for applications ranging from building heating to 

electricity generation. 

Photovoltaics (PV), commonly referred to as 

solar panels, convert the sun’s light into electricity, through the photoelectric effect, in 

which charged electrons are released from a material (usually metal) in response to the 

absorption of electromagnetic radiation (sunlight).   

 

image: Huw Williams

The Benton County 
Wind Farm

Solar Panels on a Roof

image: flickr: explainthatstuff / Creative Commons

image: Huw Williams / Creative Commons
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BiOmaSS

Put simply, biomass is organic matter from living or recently living organisms that is 

used as an energy source. The term biomass covers a broad spectrum of resources and uses 

– such as wood, certain agricultural crops, methane from sludge digestion, and landfill 

gas. Biomass may be used to generate electricity, steam, heat and fuel products that are 

otherwise derived from fossil fuels. Because there are so many resources that fall into the 

biomass category, there are some gray areas surrounding the sustainability of biomass as a 

truly renewable resource. 

Wind, solar and biomass will be explored in greater depth in the next lessons.

GEOthERmal

Geothermal energy is heat energy from beneath the surface of the Earth. The heat was 

created by the radioactive decay of minerals near the Earth’s core, where temperatures 

reach over 9,000 degrees Fahrenheit. This heat is transferred to a surrounding layer of rock 

in the Earth’s mantle through a process called convection. Heat from mantle convection 

flows towards the crust causing some rocks to melt forming magma. The magma makes its 

way up towards the Earth’s surface, heating water and dense layers of rock along its path. 

This transfer of heat from the core outwards forms the geothermal gradient, the rate at 

which ground temperatures increase or decrease relative to depth. The majority of geother-

mal activity on the Earth is found near tectonic plate boundaries or areas where the Earth’s 

crust is relatively thin. Humans have been tapping into this natural and renewable source 

of energy for thousands of years, using the heat to make hot water, heat homes and build-

ings, and more recently, generate electricity. 

Before industrial-scale drilling was developed, the only way to access geothermal energy 

was in locations where it rises to the surface naturally. Hot springs, geysers, fumaroles and 

volcanoes are features created by heat escaping from underground. Modern applications 

of geothermal involve drilling wells to create a system of pipes through which water or 

air is pumped, supplying heating or cooling to buildings based on its differential with the 

surface temperature. 

Spotlight: Geothermal and Buildings

While renewable sources like wind and solar generate cleaner electricity, heating buildings 

is another story. Oil and gas are used to heat buildings because, although some small homes 

use electric heating, for large buildings, electrical heating is impractical and far too costly.

Ground-source-heat-pumps (GSHP) exploit the fact that over 40% of the sun’s energy is 

absorbed into the by the Earth. Unlike other HVAC systems, these pumps do not create heat. 

Instead, they use the stable and seasonally controlled temperatures in the Earth’s crust as a 

heat reservoir, moving heat from one area to another. In winter, heat is extracted from the 

Earth to heat a building. In summer, the process is reversed, excess heat from the building 

in transferred into the cooler ground. Ultra-efficient geo¬thermal HVAC systems reduce the 

A Geothermal System

A Hot Spring

image: Titan36 - Creative Commons
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amount of electricity needed to heat and cool a build¬ing making it possible to reduce or 

eliminate the use of fossil fuels within the building, thus reducing the building’s air pollu-

tion emissions. While this system is not well suited for very large buildings, a recent study 

estimated that as many as 900,000 buildings in New York City could be adequately heated 

with geothermal energy. In solving our energy problems, it is important not only to find low 

impact ways of generat¬ing electricity, but also to find ways of using that energy efficiently. 

Geothermal is a good example of how we can make the best use of cleaner power.

hYdROElECtRiCitY

Hydroelectricity is the production of electricity 

using the movement of falling or flowing water. 

It is the most widely used form of renewable 

energy, accounting for roughly 16 percent of 

worldwide electricity consumption, or 3,427 tW-h 

(terawatt-hours) in 2010 (Source: Worldwatch 

Institute, January 2012). 

The rate varies from country to country. Nor-

way, for example, produces almost 100% of its 

electricity from hydropower. In 1940, almost 

40% of electricity in the United States was generated by hydropower. Today, it generates 

7% overall, but in the Pacific Northwest, it provides two-thirds of the electricity generated. 

With a maximum capacity of 7.1 gigawatts, the largest hydroelectric facility in the United 

States is the Grand Coulee Dam on the Columbia River in Washington State. China is the 

largest producer of hydroelectricity in the world followed by Canada and Brazil. Three 

Gorges Dam in China is the largest hydroelectric facility in the world with a capacity of 

22.5 gigawatts. 

The most common type of hydropower plant is called an impoundment facility and is di-

vided into three parts: (1.) power plant, (2.) dam and (3.) reservoir. Large amounts of water 

are stored in the reservoir behind the dam. The height difference between the reservoir 

and the outflow point is called the head. The potential energy of the water is directly pro-

portional to the head. A large pipe called a penstock delivers the water to the turbine. The 

power plant functions similarly to that of a coal-fired power plant. The energy of the falling 

water is converted to mechanical energy as it hits the turbine. This, in turn, is converted to 

electricity as it turns the hydroelectric generator. 

Although hydropower is a clean, non-polluting source of energy with respect to air emis-

sions, it is controversial because of the disruption it causes to river systems.  Damming a 

river destroys aquatic and terrestrial habitats, and the species that depend on them, both 

above and below the dam. It also changes the landscape and way of life for people living 

along the river. 

For a concise explanation of hydroelectric 
dams, visit these links and view the videos: 

»  http://www.tva.gov/power/hydro.htm
»  http://ga.water.usgs.gov/edu/
hyhowworks.html

image: US Army Corps of Engineers

 A Hydroelectric Dam

Green careers from installation to 
engineering and hydrology in the field of 
hydropower:

»  http://www.greencareersguide.com/
Micro-Hydropower-System-Installer.html

In developing countries like Thailand 
micro-hydro systems use falling water to 
provide electricity to village homes, schools 
and clinics, improving the quality of life. 
Read more about micro hydro here:

»  http://www.bget.org/our-programmes/
renewable-energy/micro-hydro/

http://www.tva.gov/power/hydro.htm
http://ga.water.usgs.gov/edu/hyhowworks.html
http://ga.water.usgs.gov/edu/hyhowworks.html
http://www.greencareersguide.com/Micro-Hydropower-System-Installer.html
http://www.greencareersguide.com/Micro-Hydropower-System-Installer.html
http://www.bget.org/our-programmes/renewable-energy/micro-hydro/
http://www.bget.org/our-programmes/renewable-energy/micro-hydro/
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OCEan EnERGY SYStEmS

Ocean Energy Systems, also known as marine energy, are sources of energy derived 

from ocean activity such as tides, waves, currents, salinity and temperature. Of these new 

energy technologies the one that has been most widely employed is tidal power, which 

uses turbines to capture the predictable ebb and flow of fast moving ocean tidal currents. 

In January of 2012, the US Federal Energy Regulatory Commission issued the first commer-

cial license for tidal power in the United States to the Roosevelt Island Tidal Energy (RITE) 

project in New York City. The project involves installing 30 turbines in New York City’s East 

River, generating up to 1 megawatt of electricity, making it the world’s first tidal power 

plant connected to the electricity grid.  

FRoM FaRM To RooFTop: REnEwablES and THE gRId

After seeing the wide range of renewable energy sources that are available, you may be 

wondering, why aren’t we using more renewables? The answer is very complex, but let’s 

start by thinking back to the grid. Many forms of renewable energy, such as solar and 

wind, are not as consistent and easy to control as fossil fuels or nuclear energy. For exam-

ple: wind can only generate power when there is wind, or solar when the sun is out.   

There are many types and sizes of renewable systems ranging from large centralized wind 

and solar farms to small on-site systems located on rooftops. While each of these systems 

has it’s own set of properties and applications, there are few concepts that can apply to the 

general implementation of renewables. Let’s take a closer look at connecting to the grid 

and energy storage.   

 Diagram of a 
Hydroelectric Dam

	  
image: tva.gov

To watch a video on Verdant Energy’s 
Roosevelt Island Tidal Energy (RITE) project, 
look here:

»  http://vimeo.com/14070024

http://vimeo.com/14070024
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Off GRid and GRid-tiEd

In order to meet demand and effectively use renewable sources, the energy produced must 

either be stored in batteries or tied to the grid.  

»  Off-grid electrical systems are completely autonomous and require energy storage 

because many renewable sources do not produce electricity 24 hours a day. Off-grid 

systems typically use rechargeable batteries to store excess energy. 

»  A grid-tied renewable electrical system is connected to the local power grid; for 

example, a solar power system located on a building that is connected to the grid. 

Grid-tied systems do not typically require energy storage. They feed excess electricity 

into the grid during production times (sunny daytime) and take electricity from the 

grid during times when they are not generating electricity (during the night).

What iS nEt mEtERinG?

If a renewable energy source is used to generate electricity and the system is grid-tied it 

will send excess energy back to the grid where it can be used by other consumers. The 

Direct Current (DC) coming from the renewable energy source is run through an inverter 

which converts the energy to Alternating Current (AC) at the voltage level going through 

the power line. The AC electricity is then is run through a bi-directional utility meter, 

where the utility company measures both the power produced as well as the power 

consumed. Let’s assume you have solar panels on the roof of your building that gener-

ate electricity for your building and they are grid-tied. There will be times when the solar 

panels are generating more electricity than your building can use and will send it to the 

grid. When this is happening, the meter at your building will spin backward rather than 

forward giving the consumer a credit; your electric bill will reflect the net amount used: 

Amount used from the grid minus amount produced (by your solar panels).

Wind faRmS and SOlaR faRmS

Wind and solar farms are examples of renewable 

systems that can be utility-scale and connected to 

the grid. Typical solar farms and wind farms have 

hundreds of solar panels or wind turbines that 

covers many square miles. One challenge with 

farms is location. The most effective place to lo-

cate solar, for example, is in sunny deserts, how-

ever these locations are often far away from areas 

of demand.  The same is true of wind farms that 

run most efficiently in windy places like moun-

taintops and the ocean. The electricity produced 

by these systems must travel long distances via 

transmission lines, which reduces the efficiency 

of the electricity along the way. 

For more on net metering, visit:

»  http://www.howstuffworks.com/
environmental/green-science/net-
metering.htm

Solar Farm

image: dreamstime.com

http://www.howstuffworks.com/environmental/green-science/net-metering.htm
http://www.howstuffworks.com/environmental/green-science/net-metering.htm
http://www.howstuffworks.com/environmental/green-science/net-metering.htm
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diStRiButEd GEnERatiOn and diStRiButEd EnERGY RESOuRCES (dER)

Distributed generation (DG) is power that is generated on-site, at the point where it is 

consumed. This type of power generation produces a smaller amount of energy designed to 

meet the demands of a particular site, with limitations on energy storage capacity. While 

distributed generation does not always use renewable energy, generating power on-site is 

one of the most efficient ways to deliver electricity because there are relatively few losses 

associated with transmission and distribution.

While the initial costs of setting up such a system may be high, they cost less to maintain 

with little or no ongoing costs, and therefore have the ability to earn a profit over the long 

run. If these systems are tied to the grid, energy storage issues are avoided, and through 

net metering, can provide economic benefits to both the consumer and the grid utility.

Because distributed generation systems that use renewable energy produce no air emis-

sions, they can be situated closer to heavily populated areas without adversely affecting 

people or environment.

mini GRidS and miCRO GRidS

Mini grids and micro grids are systems sized somewhere between large farms and on-site 

distributed generation serving one facility. These systems are small-scale energy distribu-

tion networks which usually operate at low voltage and supply power to several customers 

or small communities. Wind turbines, micro-hydro generators and solar PV arrays are all 

methods of renewable energy generation that are appropriate for these smaller grids. 

Currently, much of the micro grid technology is focused on rural areas and developing 

nations because these places are often very far from the main power grid. The US military 

is also developing this technology, arising from the need to set up systems for troops in 

remote areas, far from power infrastructure. 

But soon, these systems may be appropriate in urban areas that are connected to the grid. 

As the need to manage electrical supply and demand continues to grow, and as more smart 

grid technology is implemented, localized power grids could be beneficial. Smaller areas 

could generate their own electricity, alleviating pressure on the main grid. In addition 

these smaller grids could send power back to the large grid in times of excess production.

Micro grids and mini grids are smaller and less-automated examples of smart-grid tech-

nology, interconnecting small, modular electricity-generation sources to low-voltage 

distribution systems. They can be powered by multiple sources – a combination of 

petroleum-fueled generators, solar, wind and others – making them more reliable under 

various conditions.

According to the United Nations, 1.5 billion people, mostly in developing countries, have 

no access to electricity, 3 billion rely on burning wood or other biomass for cooking and 

heating and 1 billion have only unreliable electricity. The unhealthy smoke and potentially 

Two articles on mini and microgrids in 
Afghanistan:  

»  http://www.defense.gov/news/
newsarticle.aspx?id=65740
»  http://www.militaryconnection.com/
news%5Cmay-2012%5CDOD-facilities-
technology.html

Navajo Nation: Mobile solar station for 
remote areas in the Southwest:

»  http://www.good.is/post/the-solar-
trailer-that-could-energy-innovation-
inside-navajo-nation/

Distributed generation at work during a 
major blackout:

»  http://www.nytimes.com/2012/11/20/
business/energy-environment/solar-power-
as-solution-for-storm-darkened-homes.html

Read more about wind farms here:

»  http://topics.nytimes.com/top/news/
business/energy-environment/wind-
power/index.html

http://www.defense.gov/news/newsarticle.aspx?id=65740
http://www.defense.gov/news/newsarticle.aspx?id=65740
http://www.militaryconnection.com/news%5Cmay-2012%5CDOD-facilities-technology.html
http://www.militaryconnection.com/news%5Cmay-2012%5CDOD-facilities-technology.html
http://www.militaryconnection.com/news%5Cmay-2012%5CDOD-facilities-technology.html
http://www.good.is/post/the-solar-trailer-that-could-energy-innovation-inside-navajo-nation/
http://www.good.is/post/the-solar-trailer-that-could-energy-innovation-inside-navajo-nation/
http://www.good.is/post/the-solar-trailer-that-could-energy-innovation-inside-navajo-nation/
http://www.nytimes.com/2012/11/20/business/energy-environment/solar-power-as-solution-for-storm-darkened-homes.html
http://www.nytimes.com/2012/11/20/business/energy-environment/solar-power-as-solution-for-storm-darkened-homes.html
http://www.nytimes.com/2012/11/20/business/energy-environment/solar-power-as-solution-for-storm-darkened-homes.html
http://topics.nytimes.com/top/news/business/energy-environment/wind-power/index.html
http://topics.nytimes.com/top/news/business/energy-environment/wind-power/index.html
http://topics.nytimes.com/top/news/business/energy-environment/wind-power/index.html
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dangerous conditions from burning lead to illness and death for nearly 2 million people 

each year. Micro grids and mini grids can provide the answer. In July of 2012, Graft Archi-

tects, a company based in Germany and Ethiopia, set up a mobile solar power station near 

Lake Langana in Ethiopia. The Solar Kiosk was designed by the architects to supply off-grid 

power to remote areas. The units provide energy to power cell phones and refrigerators 

used to store vaccines and other medicines. Read about the Solar Kiosk: 

http://www.good.is/posts/solarkiosk-mobile-modular-power-for-really-remote-areas

CHallEngES oF EnERgy SToRagE

Because the demand and supply of energy changes minute to minute, a readily available 

source of energy is needed to meet fluctuating demand. Currently, fossil fuels provide 

much of that consistent source. If renewable energy could be stored and used as needed, 

the transition from non-renewable to renewable would be easier. The challenge is to find a 

feasible and effective way to store energy. 

Think about the batteries you use for your home electronics. The batteries used in a laptop 

store a small amount of energy to be used over a fairly small amount of time.  Large-scale 

battery storage is not as advanced as it needs to be to ensure a consistent and reliable 

source of energy. In addition, batteries can be quite expensive and, for optimal storage, 

must be replaced every few years.

hOW dOES a BattERY WORk?

Batteries can be made from a plethora of materials and combinations of materials, but 

most batteries work in essentially the same way. Batteries produce electrical energy 

through a chemical reaction taking place in a cell, known as an electrochemical reaction. 

A battery consists of two electrodes (usually a type of metal), and a conductive fluid, or 

electrolyte (usually a weak acid, salt water or other fluid). 

There are two electrodes: a cathode attached to the positive terminal and an anode attached 

to the negative terminal. A separator sits between the cathode and the anode to prevent 

them from touching. The electrolyte allows electric charge to flow between the electrodes. 

When a device is connected to the battery, the electrolyte combines and reacts with the 

electrodes. The anode undergoes an oxidation reaction in which electrons are released; 

while the cathode undergoes a reduction reaction which makes it able to absorb electrons. 

Because the free electrons move from the anode to the cathode they follow the circuit 

from the anode through the device to the cathode.

makinG a BEttER BattERY

The key to increasing energy storage lies in identifying materials that provide optimal 

combinations of electrolytes, anodes and cathodes that work well together. There are mil-

lions of combinations that could be explored to find the best ones. One company – Wildcat 

Discovery Technologies – is trying to do just that on a large scale through a giant genome-

Explore these links to learn more about 
batteries:

»   http://energy.gov/oe/technology-
development/energy-storage 
»   http://ed.ted.com/lessons/electric-
vocabulary
»   http://energy.gov/articles/10-questions-
batteries-expert-daniel-abraham

 In the late 1700’s Alessan-

dro Volta discovered the 

process of battery storage by 

using paper soaked in salt 

water and metal. Archaeolo-

gists discovered clay pots 

holding iron bars that were 

tested and found to have 

an acid like vinegar dating 

from 200BC.

http://www.good.is/posts/solarkiosk-mobile-modular-power-for-really-remote-areas
http://energy.gov/oe/technology-development/energy-storage
http://energy.gov/oe/technology-development/energy-storage
http://ed.ted.com/lessons/electric-vocabulary
http://ed.ted.com/lessons/electric-vocabulary
http://energy.gov/articles/10-questions-batteries-expert-daniel-abraham
http://energy.gov/articles/10-questions-batteries-expert-daniel-abraham
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SToRagE TypE dESCRIpTIon pRoS ConS

Vanadium Re-dox

Flow Battery – takes electrolytes from external tanks and pumps it to 
the central tank where the liquids are mixed causing chemical reac-
tions which changes the ion’s charge and creates electricity. 
http://www.sciencedaily.com/releases/2011/03/110317141418.htm

»  Large Scale storage 
capabilities

»  Does not work well 
with variations in 
temperature

»  Very expensive

lead-acid
Typical car battery – Works with a chemical reaction of lead oxide and 
sulfuric acid. 
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/leadacid.html

»  Fairly simple and 
widely available

»  Runs out of charge 
quickly

»  Small scale uses

like battery project. Wildcat is running thousands of tests in parallel, at a rate of 3,000 new 

material combinations a week. To learn more about the process of finding ideal battery 

material combinations, see this article from Technology Review: 

http://www2.technologyreview.com/article/427679/high-speed-materials-discovery/

To give you a clearer idea of the issues surrounding energy storage, the chart below out-

lines various types of storage, along with the advantages and limitations of each.

http://www.sciencedaily.com/releases/2011/03/110317141418.htm
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/leadacid.html
http://www2.technologyreview.com/article/427679/high-speed-materials-discovery/
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lithium Ion

Similar to the batteries used in cell phones and laptops. Lithium cobalt 
oxide from the positive electrode passes through the electrolyte fluid 
to the negative carbon electrode causing the lithium ion to discharge 
and create electricity. 
http://electronics.howstuffworks.com/everyday-tech/lithium-ion-
battery.htm 
  

ANODEPOSITIVE TERMINAL

STEEL CAN
(NEGATIVE TERMINAL)

GASKET

SEPARATOR

CATHODE

SEPARATOR

»  Small size with 
very large capability

»  Short life span

»  Size issues - to 
store gigawatts or 
terawatts of energy 
the batteries would 
need to be huge

»  Very sensitive to 
high temperatures

SToRagE TypE dESCRIpTIon pRoS ConS

Sodium-Sulfur: 

semi sized and 

made in Japan

Chemical reaction between the outside, Chromium and Molybdenum 
serve as the positive electrode separated from the negative liquid 
Sodium electrode by a solid electrolyte. Encased in large blocks to 
conserve heat and prevent evaporation of liquid Sodium.
http://inhabitat.com/bob-americas-biggest-sodium-sulfur-battery-
powers-a-texas-town

http://en.wikipedia.org/wiki/Sodium%E2%80%93sulfur_battery

»  Highly efficient 
and long life

»  The larger the scale 
the less the cost.

»  Operate at 300-
500°C

»  Corrosion of con-
tainers a problem

http://electronics.howstuffworks.com/everyday-tech/lithium-ion-battery.htm
http://electronics.howstuffworks.com/everyday-tech/lithium-ion-battery.htm
http://inhabitat.com/bob-americas-biggest-sodium-sulfur-battery-powers-a-texas-town
http://inhabitat.com/bob-americas-biggest-sodium-sulfur-battery-powers-a-texas-town
http://en.wikipedia.org/wiki/Sodium%E2%80%93sulfur_battery
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RENEWABLE ENERGY

location: Classroom

Time: 1 hour

Materials:   

Battery #1: 

»  Pennies (4) 

»  Nickels (4) 

»  Vinegar (any kind, 1/4 C.) 

»  Salt (1 Tbsp.) 

»  Small bowl

»  Small plate (ceramic, plastic, or Styrofoam; not paper or 

metal) 

»  Digital multimeter, (any kind that reads mA and mV) 

»  Paper towels (2) 

»  Scissors 

»  Tweezers or forceps

Battery #2: 

»  Small cups for water 

»  Large container of salt

»  Digital multimeters

»  Aluminum foil

»  Large container of activated charcoal (for aquariums)

»  Cables with alligator clips

»  Small DC motors for each group

»  Paper towels

prep: Gather all materials and print out worksheets for lab 

groups. 

Instructions: Follow the student instructions on the 

worksheet. You can also check out this recommended 

reading for Aluminum Air Batteries: http://www.brighthub.

com/environment/renewable-energy/articles/117074.aspx

As an alternative approach, you may review the three 

primary components of a battery: cathode (negative 

terminal), anode (positive terminal) and electrolyte (ionized 

fluid/weak acid) – with the class. See the reader for more 

detail. After this, you may give them the materials without 

worksheets or instructions and have them construct batteries 

based on the given information.

Extension activity Instructions:

After students have experimented with building different 

types of batteries, challenge them to develop plans and 

design their own battery. Students may work in groups to 

experiment with different types and concentrations of fluids 

and/or metals. 

Suggested Variations to try:

1»  Zinc vs. Copper pennies: Look for pennies made before 

1982 (which are mostly copper) Use the same directions from 

building fuel cell #1 but test the difference between copper 

and zinc pennies. Is one more powerful than the other? Will 

batteries work better if there is more copper than zinc?

2»  Test different fluids, try switching salt water for lemon 

juice or vinegar. What changes?

Follow up/Research Questions:

1»  When designing a new battery with your group, what 

were some of your goals? Did you want to make a battery 

that was rechargeable? Smaller in size? More efficient?

2»  What challenges did your group encounter during this 

experiment?

3»  What did your group discover about battery technology 

during this experiment? 

4»  Was your battery successful? Did you meet your goals? 

Explain.

5»  What are some of the new trends in battery technology 

for grid storage?

aCTIVITy 1a: MakIng baTTERIES

Students investigate different energy storage solutions by building two types of batteries and then use their knowledge to 

design their own batteries.

http://www.brighthub.com/environment/renewable-energy/articles/117074.aspx
http://www.brighthub.com/environment/renewable-energy/articles/117074.aspx
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RENEWABLE ENERGY
aCTIVITy 1a: MakIng baTTERIES

battery #1:

1»  In a small bowl, mix together a small amount (just to 

cover the bottom of the bowl) of vinegar (electrolyte) and 1 

teaspoon of salt (ions). 

2»  Using scissors, cut up a paper towel into small squares, 

each approximately 1 inch x 1 inch. 

3»  Place the small squares to soak in the bowl of salt-vine-

gar solution, and set them aside.

4»  Start building your stack on a dry paper towel on your 

plate. Put down a penny first, then place a square of vine-

gar-soaked paper towel on top, and then add a nickel. Keep 

repeating the layers until you have a stack of four coins 

(alternating pennies, wet paper towel pieces, and nickels), 

making sure you end with a nickel on top. Let battery sit and 

charge 10–15 minutes.

5»  Attach the leads of the multimeter to both ends of the 

battery by touching one lead to the penny on the bottom 

and the other to the nickel on the top. Measure the voltage 

produced by your battery (in millivolts, mV). You can also 

measure the current produced (in milliamps, mA). 

6»  Repeat the experiment, each time building a battery 

with a different number of coins. Once with more coins and 

once with less. One important rule is to always start with a 

penny and end in a nickel, so the number of layers of pen-

nies and nickels will always match. 

7»  Record your data in the table below: 

page 1   naME:

Trial number of pennies number of nickels Voltage (mV)

1 2 2

2 4 4

3 6 6

1   »  What trends do you observe?

2
  

 »  What provides the charges that move within the battery?

  

3  »  What would happen if you used quarters in place of nickels? How would it change your results? Test your hypothesis. 
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RENEWABLE ENERGY
aCTIVITy 1a: MakIng baTTERIES

page 2

battery #2: Tesla’s aluminum air battery

1»  Start with a cup of salt water, continue adding salt to the 

cup of salt solution until the water is completely saturated. 

There should be a few undissolved grains of salt at the bot-

tom of the cup.

2»  Take a 6”x12” piece of aluminum foil, paper towel and 

activated charcoal.

3»  Lay the piece of foil flat on a desk.

4»  Fold the paper towel in half and place it in the salt 

water solution until it is completely saturated and place the 

doubled-over soaked paper towel on top of the foil.

5»  Cover the paper towel with a layer of charcoal.

6»  Place one lead in the center of the charcoal, then fold the 

aluminum foil up like a burrito or a letter going into an enve-

lope. Now this lead should be surrounded by and touching only 

the charcoal. Attach the second lead to the aluminum foil. The 

leads are the positive and negative terminals of the battery.

7»  Now attach the other ends of both leads to the DC motor.

8»  Press down on their battery and the motor should spin. 

9»  Attach leads to a multimeter instead of the motor and 

test the voltage and amperage. 

1   »  What did you notice about the battery when more pressure was applied? Did it change the voltage?

2
  

 »  If it did change, why did that change occur?  

Trial pressure applied to the battery Voltage (mV)

1 Less

2 More
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This lesson introduces the properties of sunlight and how to capture and use it. Students will explore the 

science of photovoltaics and analyze the advantages and limitations of solar energy. Through field work 

and a series of build-out projects, students will investigate solar thermal energy and the large-and small-

scale applications of photovoltaics. The lesson ends with a brief overview of various career pathways in 

the solar industry.

How do wE HaRnESS THE Sun’S EnERgy?

Sunlight is the Earth’s primary source of energy with one kilowatt per square meter of 

energy hitting the Earth’s surface each day. 

We use very little of that energy to meet our energy needs. In the United States, solar 

energy is a growing industry, with solar power capacity more than doubling between 2010 

and 2011. Yet, only 0.02% of electricity generated comes from solar power. Arizona, Califor-

nia and New Jersey are the country’s leaders in solar generation capacity.

How can we take greater advantage of the sun’s light and heat to fuel our modern world?  

Let’s begin by taking a look at the science of solar and how solar systems work. 

“The amount of solar energy 

that reaches the Earth every 

minute is greater than the 

amount of fossil fuel the 

world uses every year.”

(Kaufman & 

Cleveland 2008)

LESSON 2:
Photovoltaics and  
Solar Thermal

lesson Vocabulary

 » Amorphous 

 » Bandgaps

 » Diode

 » Doping

 » Dye Sensitized Solar Cell 

(DSSC)

 » Electrical Conductivity

 » Inverter

 » Monocrystalline

 » Multi-Junction (MJ)  

Solar Cells

 » N-type

 » Net Metering

 » P-type

 » Peak Sun Hours

 » Photovoltaic

 » Photon

 » Polycrystalline 

 » Semiconductor  

 » Solar Cells

 » Solar Constant

 » Solar Insolation/ 

Solar Irradiation

 » Solar Radiation

 » Valance 

Capacity for photovoltaic Installs by State

source: NREL

www.openpv.nrel.gov/rankings
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THE SCIEnCE bEHInd SolaR EnERgy

Thirty percent of the sun’s energy that reaches Earth’s atmosphere is reflected back into 

space, 47 percent is absorbed by Earth’s surface and converted into thermal energy, and 23 

percent drives the hydrological (water) cycle. Less than one percent creates winds and ocean 

currents. Only 0.003 percent of the sun’s energy is captured by plants and used in photosyn-

thesis, providing food energy for the entire planet. In fact, the energy stored in fossil fuels 

originally came from sunlight that was absorbed by plants for photosynthesis.

Solar radiation, or sunlight, is the total spectrum of electromagnetic radiation given off 

by the sun. This includes infrared, visible and ultraviolet wavelengths. As solar radiation 

is incident upon an object, some of the radiation is absorbed and the excess is reflected. 

The angle of the sun, the atmosphere, altitude and geographic location are factors that 

determine the amount of solar radiation a particular surface receives. To find out the 

solar radiation values for your area, refer to the US Department of Energy’s National 

Renewable Energy Lab map below. 

Direct Normal 
Solar Radiation

source: National Renewable Energy Laboratory

For more information on solar radiation, 
visit:

»   http://rredc.nrel.gov/solar/pubs/
shining/  

http://rredc.nrel.gov/solar/pubs/shining/
http://rredc.nrel.gov/solar/pubs/shining/
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You can also determine the solar radiation of a specific site using a solar pathfinder. The 

solar pathfinder is an excellent tool that illustrates the concepts of solar time and shading 

as well as physical science concepts concerning the earth’s rotation and its relationship to 

the sun. 

Two other factors are used when siting solar modules so that they absorb as much solar 

radiation as possible, maximizing power output.  

»  Solar insolation, also called solar irradiation, is a measure of solar radiation received 

on a given surface during a given time. The insolation of a surface is greatest when that sur-

face is directly facing (perpendicular to) the sun. When referring to photovoltaics, solar inso-

lation is often expressed as kWh/(kWp•y) (kilowatt hours per year per kilowatt peak rating). 

»  Solar modules are most productive when they receive the most direct sunlight. This 

only happens during the part of the day when the sun is directly overhead. At other times, 

when the sun is rising and setting, sunlight hits the panel at an angle that is less than 90°, 

generating less power. In the northern latitudes (where North America is located), the sun 

is never directly overhead, so we compensate by adjusting and angling solar modules to 

achieve maximum efficiency. A Peak Sun Hour or PSH is equal to 1,000 Watts of sun en-

ergy on one square meter for one hour. When calculating the PSH for a given area, add the 

amount of sun received every hour of the day and then divide the total by 1000W/m2. 

The biggest ways that we can capture the sun’s energy are through photovoltaics and solar 

thermal collectors. First, let’s take an in-depth look at photovoltaics and how sunlight is 

transformed into electricity.

 A Solar Pathfinder Card

image: solarpatyhfinder.com

http://solarpatyhfinder.com
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SolaR pHoToVolTaIC SySTEMS

Photovoltaic (PV) systems have a wide range of applications. The smallest systems power 

calculators and wristwatches, while larger systems provide electricity for buildings, water 

pumps, highway signs, communications equipment and satellites.

The term photovoltaic refers to the direct transformation of sunlight into electric current 

(photo meaning “light” and voltaic meaning electricity). A solar photovoltaic (PV) cell con-

verts sunlight to electricity. 

anatOmY Of a PV CEll

PV cells are made of a semiconductor material, typically silicon, and a conducting mate-

rial, which creates a positive and a negative charge in the silicon. When sunlight strikes 

a PV cell, electrons in the silicon are displaced. The loose electrons move down wires 

attached to the cell, forming an electric current. Depending on the configuration, the cur-

rent and voltage of a panel’s output may be increased by increasing the numbers of cells. 

PV modules sold commercially range in power output from 5 watts to 300 watts. 

what is a semiconductor?

Semiconductors are materials that have an electrical conductivity in between that of 

a conductor and an insulator. The importance of semiconductors lies in the fact that, 

with some engineering, their electrical conductivity is easily manipulated. Semiconductors 

are the bases for all modern electronics (cell phones, laptops, etc.). Common components 

made from semiconductors include integrated circuits, diodes, LEDs, transistors and 

solar cells. The characteristics of semiconductors are related to their atomic structures, and 

vary from group to group on the periodic table of the elements. Researchers take advan-

tage of the variation in semiconductor properties to create and design new materials for 

optimal photovoltaic electrical output. Understanding the properties and atomic arrange-

ment of these materials is critical to pioneering new technologies in solar. 

In the center of all atoms lies the nucleus which contains protons (positively charged 

particles) and neutrons (neutral particles). Surrounding the nucleus is the electron field. 

In a stable element, the number of electrons (negatively charged particles) is the same as 

the number of protons, which is determined by the atomic number of the element. The 

electrons are arranged in layers or shells around the nucleus. The number of electrons in 

the outer shell, called the valance, determines whether the element is a conductor, insula-

tor or semiconductor. The valance shell of an element typically contains a maximum of 

eight electrons. If the element has a full outer shell (8 electrons) it usually is inert and will 

not react with other elements by gaining or losing electrons. Metals have a low number 

of outer electrons, that will “jump” when influenced by electricity, which is why they are 

good conductors. Copper has one electron in its valance shell. Elements like sulfur, with 

more than half full valance shells make good insulators because they tend to hold on to 

their electrons. Semiconductors usually have four electrons in their valance shells. Use the 

periodic table to determine which group of elements are semiconductors.

A Solar PV Cell

image: United States Department of Energy

To explore more about the world of pho-
tovoltaics – from properties of sunlight to 
the latest in PV technology, this in-depth 
website is an excellent resource: 

»   http://www.pveducation.org/pvcdrom/
introduction

Use the periodic table to determine the 
configuration of the valance electrons for 
Silicon (Si): 

»   http://www.ehow.com/facts_5802531_
atomic-structure-semiconductors.
html#ixzz20YcDxlHQ

http://www.pveducation.org/pvcdrom/introduction
http://www.pveducation.org/pvcdrom/introduction
http://www.ehow.com/facts_5802531_atomic-structure-semiconductors.html#ixzz20YcDxlHQ
http://www.ehow.com/facts_5802531_atomic-structure-semiconductors.html#ixzz20YcDxlHQ
http://www.ehow.com/facts_5802531_atomic-structure-semiconductors.html#ixzz20YcDxlHQ
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doping

Semiconductors are easily modified by introducing impurities into their crystal lattice. 

These impurities bring in atoms with a different number of electrons to create an unbal-

anced number of electrons in the base material. This process is known as “doping” and is 

used to control and modify electrical conductivity. In a semiconductor, current is conducted 

via negatively-charged free electrons and positively-charged “holes” (empty spots on the elec-

tron shell), known collectively as charge-carriers. Doping introduces charge carriers to the 

semiconductor. P-type (positively charged) materials are doped with extra “holes”, while n-

type (negatively charged) materials are doped with extra electrons. Connecting p-doped and 

n-doped semiconductors creates a diode, allowing electricity to flow in only one direction.

how it works

A solar cell is a thin wafer of silicon, composed of two layers. The top layer of silicon is 

the negative, n-layer, often doped with phosphorus, while the positively charged bottom or 

p-layer is often doped with boron. The n-layer has a high concentration of negatively 

charged electrons, while the p-layer has an abundance of positively charged “holes.”

The p/n junction is where the two layers meet, forming a barrier. As sunlight hits the 

cell, small particles of light called photons, are absorbed into the semiconductor, excit-

ing the negatively-charged electrons in the n-layer. Driven by the concentration gradient, 

the excited electrons in the n-layer diffuse to unite with the positive holes, leaving behind 

them an area known as the depletion zone at the p/n junction, and a small difference in 

electric charge. This junction allows electrons to flow in only one direction, so by attaching 

conductive wires to the cell, the negative electrons leaving the n-layer will now exit the cell 

through the circuit to unite with the holes in the p-layer.

LEFT 
Diagram of Doped 

Semiconductor

source: US Dept. of Energy

RIGHT 
Phosphorus Atom with  

N-Type Electron 

source: US Dept. of Energy
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The following chart outlines the most common types of silicon based photovoltaic materi-

als currently in use.

Type description pros Cons

Monocrystalline

Cut from a single crystal 
of silicon. Smooth and 
monochromatic darkblue/
black in appearance

Most Efficient material 
for PV (18%-22%)

Expensive, rigid 
material , must be 
mounted in a rigid 
frame

polycrystalline

Cut from a block made of 
numerous silicon crystals. 
Bluish-purple in color and 
has the appearance of 
shattered glass.

Less expensive than 
monocrystalline panels

Less efficient 
(15%-16%)

amorphous

Thin films of silica are 
grown on a wide variety of 
substrates using a range 
of techniques.

Least expensive, can be 
placed on flexible sur-
faces, thus increasing 
its applications, can em-
ploy low ambient light 
to generate electricity

Least efficient 
(7%-10%)

anatOmY Of a PV SYStEm

There are two types of solar installations. If a solar system is connected to the grid it is 

called grid-tied. A system that is not connected to the grid is called stand alone. What’s 

the difference? 

When a solar array is grid-tied, it has a two-way connection with the grid. During the day, 

when the home solar array is producing a lot of electricity, the excess is fed back into the 

grid. At night or on cloudy days, the home draws electricity from the grid.  

Stand-alone systems do not have a back-up source of electricity. In general, they use batter-

ies to store the energy for times when the array is not producing electricity. 

Let’s take a look at the major components of a PV system. 

Panel: A solar panel, also called a solar module, is composed of strings of solar cells. A so-

lar array is composed of strings of modules. A string is any group of solar cells or modules 

that are wired together in series. All of the strings are wired together in a combiner box.

Combiner Box: Once the solar modules are wired into strings, the wires from each string 

are routed to the combiner box. Here, all of the strings are combined in parallel to create 

one electric output that is fed to the inverter. Because of the parallel circuit, the number 

of strings in the combiner box must be even and balanced. All combiner boxes have either 

fuses or circuit breakers to prevent a short from sending too much current to the inverter.

Take a look at these great resources on PV 
system components and installation:

»    http://www.pge.com/includes/docs/
pdfs/shared/solar/solareducation/
pv_basics.pdf
»    http://www.yourhome.gov.au/techni-
cal/fs67.html

http://www.pge.com/includes/docs/pdfs/shared/solar/solareducation/pv_basics.pdf
http://www.pge.com/includes/docs/pdfs/shared/solar/solareducation/pv_basics.pdf
http://www.pge.com/includes/docs/pdfs/shared/solar/solareducation/pv_basics.pdf
http://www.yourhome.gov.au/technical/fs67.html
http://www.yourhome.gov.au/technical/fs67.html
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Inverter: Solar panels generate DC electricity. An inverter is a device that converts DC 

electricity to AC electricity, which can either be used for on-site electricity or fed into the 

grid. Inverters are sized in Watts.

Wiring: To prevent overheating and fires, wires must be sized correctly. Ampacity is the 

current-carrying ability of a wire. Wires vary in thickness to allow for different ampaci-

ties. The thicker the wire gauge, the smaller the number. The ampacity of a wire is deter-

mined by wire size, type of sheathing on the wire and temperature (high temperatures 

create greater resistance).

stand alone system

The major difference between stand alone and grid-tied systems is that the off-grid stand 

alone system require batteries for energy storage. In this system, the combiner box is con-

nected to a charge controller which is connected to the battery.

Charge Controller: The charge controller is connected to the combiner box and regulates 

the rate at which an electrical current is going into and out of a battery. It prevents over-

charging and completely draining a battery, both of which will reduce the performance 

and lifespan of a battery. A charge controller can “drop” the voltage from a solar array to 

produce a level of voltage that the battery is able to withstand.

INVERTER

ELECTRIC METER

SOLAR 
PANELS

AC
LOADS

Diagram of Grid
Tied System

image: Solar One
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Battery: Off-grid systems must have storage batteries to generate electricity when the sun 

is not out. There are a wide variety of sizes and types of batteries for PV systems.

Diagram of a 
Stand Alone System

Working 
Stand Alone System

image: Tom Murphy, ucsd.edu

image: http://physics.ucsd.edu/do-the-math/2012/07/my-modest-solar-setup/

Ground wire

Charge controllers

Combiner box with breakers, 
busbars and shunts

Batteries

Pentametric 
monitoring unit

Two 400 Watt 
inverters

image: http://physics.ucsd.edu/do-the-math/2012/07/my-modest-solar-setup/
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EmERGinG tREndS in PhOtOVOltaiCS

Increasing the efficiency of photovoltaics is a key focus of current research. Presently, com-

mercial silicon cells operate at 17%-22% efficiency. Increasing the efficiency of solar and 

making it affordable will go a long way towards successfully integrating renewable into the 

energy mix. 

multi-junction (mj) solar cells

Most silicon solar cells produced today are single-junction, meaning that there is one p-n 

junction in the composition of the wafer. These cells are designed to absorb visible light, 

but do not do so efficiently – certain wavelengths of light have some, but not all, of their en-

ergy converted into electricity, while other wavelengths pass straight through the solar cell.

A multi-junction cell is composed of two or more layers of different semiconductor materi-

als, with several p/n junctions, each geared to capture a different wavelength of light, thus 

converting more of the sun’s energy into electricity. Like a battery, the junctions are elec-

trically connected in series, with the layers ordered in decreasing bandgaps, which allows 

wavelengths with smaller bandgaps to pass through one layer and be absorbed by the next. 

MJ solar cells have achieved conversion efficiencies of over 40%. 

http://cleantechnica.com/2011/02/17/high-efficiency-solar-cells-getting-more-efficient-cheaper/

While the technology behind multi-junction solar cells is not new, the complexity in pro-

ducing the cells comes from the how thin the material must be to generate electricity. The 

current cost of production for MJ solar cells is prohibitively high for common usage. It is 

presently used in specialized applications such as space equipment and large-scale concen-

trating photovoltaic collectors.

Dye Sensitized Solar Cells (DSSC)

Perhaps the future of solar lies in reducing its cost. If so, dye sensitized solar cells are 

leading the way. Although DSSC currently convert sunlight into electricity at 11%-12% effi-

ciency, their advantages lie in their low-cost, ease of manufacture, durability and construc-

tion from abundantly available materials. The photosensitive dye absorbs sunlight and 

provides the electrons while a semiconductor material serves to transport the electrons out 

of the cell. Research is underway to improve DSSC efficiency.

use of other non-silicon materials

Other advancements in solar technology include experimenting with making ultra-effi-

cient solar cells by using materials other than silicon that allow for smaller or less expen-

sive solar panels. One company uses gallium arsenide, a material that converts light to 

electricity more efficiently than silicon, which allows cells to be smaller than a dime, but 

produces as much energy as larger silicon cells. Sunlight can be concentrated onto the cells 

using a glass lens, maximizing solar intake without overheating - a common issue with 

larger panels. These panels could achieve 34% efficiency. 

http://www2.technologyreview.com/article/427673/ultra-efficient-solar/

Take at look at who is leading the way in 
developing efficient solar cell technology 
in the National Renewable Energy Lab’s 
Best Research-Cell Efficiencies:

»   http://www.nrel.gov/ncpv/images/
efficiency_chart.jpgpv_basics.pdf

http://cleantechnica.com/2011/02/17/high-efficiency-solar-cells-getting-more-efficient-cheaper/
http://www2.technologyreview.com/article/427673/ultra-efficient-solar/
http://www2.technologyreview.com/article/427673/ultra-efficient-solar/
http://www.pge.com/includes/docs/pdfs/shared/solar/solareducation/pv_basics.pdf


5.26 Lesson 02  »  Renewable Energy 

3-d solar panels

Some solar panels move in the direction of the sun to capture the most  solar radiation. 

Another approach being tested is 3D solar panels. These panels can collect more sunlight 

during all times of the day because they are configured to face different directions.  

SolaR THERMal

Solar thermal (heat) collectors use the energy from the sun to heat water which can be 

used in homes or businesses. These low and medium temperature collectors are flat panel 

installations with panel tubes containing a heat-transport fluid (water or air) enclosed by a 

transparent cover. Low temperature collectors are often used for heating swimming pools 

(less than 43°C), while medium temperature collectors are used for heating water in homes 

and businesses (60°C–82°C). These systems are poised for wider use. 

Another type of solar thermal system uses the sun’s heat energy to generate electricity. High 

temperature solar collectors use concentrated sunlight, which is used to power a steam-

driven turbine or a Stirling engine, an engine that runs on the compression and expansion 

of gases. Concentrated solar thermal systems generally have large scale application and use 

mirrors or lenses to focus the sun’s energy and heat water to temperatures of 750°F. 

»  Sierra Sun Tower, a 5 MW con-

centrated solar power plant in the 

Mojave Desert uses hundreds of 

parabolic mirror troughs to focus the 

thermal energy of the sun on a small 

tube containing a fluid that is heated 

to produce steam.

»  Solar dish/engine systems are 

another type of concentrated solar 

thermal energy system. Smaller 

than the other types, they use a dish 

concentrator and a power conver-

sion unit to concentrate solar energy 

about 2000 times.

»  Solar power tower systems use thousands of heliostats, large, flat tracking mirrors, to 

focus the energy from the sun onto a receiver on top of a tower. This heats molten salt 

flowing through the receiver. The salt’s heat is used to generate electricity. Because molten 

salt has a high specific heat it can be stored, so that electricity generation can take place 

during times when the sun is not out.

Solar Power 
Tower System

A Solar Thermal Collector

Absorber
Tube

Solar Field
Piping

Reflector

image: Andrew Buck / Creative Commons

image: afloresm / Creative Commons

image: SOLUCAR PS10 / Creative Commons
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SolaR powER: oppoRTunITIES and CHallEngES

Solar energy is a fast growing industry with generation capacity doubling over the last two 

years. The price of solar modules declined by 20% in just one year alone. So why aren’t 

photovoltaics and solar thermal all over the place? Although the solar industry is growing 

and new technologies are expanding possibilities, solar power has a few challenges and 

limitations. One inherent issue is that they only work when the sun is out. The following 

chart outlines some of the opportunities and challenges of photovoltaics.  

It is important to note that we tend to examine energy production through the lens of our 

current usage. A widespread shift to more efficient technologies, such as LED lights, for 

example, could reduce demand, in turn, making photovoltaic systems a more attractive 

possibility. On the solar side, battery storage and efficiency technologies continue to im-

prove, increasing the reliability of solar energy. Let’s look at what policies and incentives 

are being put in place to encourage use of solar and make it more affordable. 

Current photovoltaic advantages

»  Infinite and renewable source of energy

»  Reducing dependence on  fossil fuels

»  Electricity generation does not produce emissions, does not generate waste and does 

    not contribute to climate change or air pollution

»  Low operating costs, low maintenance, installation costs declining

»  No moving parts – no wear

»  Modular (may be used in small or large arrays)

»  Reliability and durability  in modules

»  Ability to be off-grid and energy independent during blackouts

»  Quick installation, may be integrated into new or existing structures

Current photovoltaic Challenges and limitations

»  Variable energy source - only produces electricity when sun is out

»  High installation costs, can be offset by low operation costs over time

»  Lack of economical and efficient energy storage

»  Relatively low levels of efficiency

»  Low energy density of sunlight, depending on location

»  Siting issues (large space, obstructions, etc.)

»  Inconsistencies in output (efficiency goes down in high temperatures, cloudy days, etc.)

»  Poorer reliability of auxiliary (balance of system) elements including storage 

»  Lack of widespread commercially available systems
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addRESSinG uPfROnt COStS thROuGh POliCY and maRkEt inCEntiVES

Although solar panels can pay for themselves over time with clean and free energy from 

the sun, the upfront costs of installing solar PV or solar thermal can deter people from 

purchasing it for their homes and businesses. The government and private sector have 

stepped in with a range of approaches to reduce these upfront costs and make it easier to 

install solar. Government policies include grants, which directly pay for part of the costs of 

installing solar; and tax credits, which allow the owner to deduct part of the cost of a new 

solar install from their tax bill. Another kind of government policy is a Solar Renewable 

Energy Credit (SREC) system that provides a credit certificate for every megawatt-hour of 

solar electricity created. These credits can be sold in states (currently 7 plus Washington, 

DC) where electricity suppliers are required to provide a portion of their electricity from 

solar. In the United States, the federal government offers tax credits for solar and differ-

ent states and localities have put in place a variety of tax credits, grants, REC systems, and 

other policies in support of solar.

Many private solar companies offer options for installing solar that reduce or eliminate 

upfront costs. In these cases, the solar company pays the cost of installing PV on a building 

and keeps ownership of the solar equipment. The building owner agrees to either lease the 

system for a fixed amount or to buy the electricity produced by the system in what is called 

a Power Purchase Agreement (PPA). Typically, either the solar company or the building 

owner still receives all of the available government incentives. Although they will not own 

the equipment, PPAs allow building owners to install solar without making a large upfront 

investment and they will still save money compared with buying their energy from the 

grid, they still save money.

CaREERS In THE SolaR InduSTRy

As the use of solar energy continues to grow and 

innovations and new technology expand its ap-

plication, what types of careers does this evolving 

industry have to offer? Let’s take a look at a few 

career pathways in the world of solar energy.

If you’re looking at a career in the solar industry, 

or you simply want to learn how to install a solar 

system in your own household, there are organiza-

tions, training centers and universities that can 

provide you with everything you need to know 

about solar. Learn all you can about the industry, 

design concepts, installation and maintenance 

through training and courses. High school graduates can look at the numerous organiza-

tions and training centers that offer workshops on the design, installation and maintenance 

of renewable energy systems. If you are pursuing a university track, research schools with 

courses relevant to electricity, building energy efficiency and renewable energy. There are 

many universities in both the US and abroad that have introduced such courses. 

A Solar Installer
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After stocking up on the necessary knowledge and required field experience, you can earn 

a certification from any recognized solar regulatory organization. NABCEP certifies install-

ers in both solar thermal and PV installation. Although a certification is not compulsory in 

all states, it will give you an edge in the ever-growing world of green jobs. Different states 

have different requirements for the certification or licensing of professionals. Do a bit of 

homework on what you will need before you begin your training and education.

PV PanEl inStallER

These are the people who install photovoltaic (PV) arrays on the roofs of residential and com-

mercial homes and buildings, as well as ground mounted systems. Installers will play a key 

role in the future of solar panel installation. The industry relies on qualified individuals to in-

stall solar panels on buildings, making this a lucrative field for forward thinking individuals.

Qualifications

Because PV installation is a skilled trade, college-level education is not required. Combined 

training on the job and through classes generally takes a few years. The North American 

Board of Certified Energy Practitioners (NABCEP) offers classes and certification for PV 

Installers and PV Sales. If you are willing to learn this valuable trade, it could be a worth-

while, long-term job.

Understanding that construction/roofing and electronics skill sets are rarely found in the 

same individual, most companies either hire individuals with construction experience and 

train them in solar, or hire a solar electrician and train them in the techniques of installa-

tion. With this, you can approach training for this job from two different directions. If you 

are in construction, a two-year vocational program in electrical engineering will provide 

the basic electrical knowledge needed to qualify as a PV Installer. An electrician’s appren-

ticeship trade program is another pathway to reach this goal. 

From the other direction, if you are either a certified electrician, or have an Associate’s or 

Bachelor’s degree in electrical engineering, then you need to train in construction. Com-

munity or vocational trade schools offer programs and classes in construction. An appren-

ticeship trade program may also give you the necessary skills and experience.  

PhOtOVOltaiC faBRiCatiOn/tEStinG tEChniCian

These technicians are responsible for testing photovoltaic solar cells to verify that they do 

generate electrical energy from the sun, and produce a sufficient amount of electricity. 

These technicians then wire the tested solar cells into arrays of solar panels.

qualifications

Testing and wiring solar cells together is essentially electrician’s work. Minimum qualifica-

tions are an Associate’s Degree in Electronics, Electrical Engineering, Material Science, Phys-

ics or Chemistry. A Bachelor’s Degree or Master’s Degree is preferred, and would give you 

a stronger chance of obtaining employment in this field. Equivalent industry training, cer-
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tification or work experience, such as being a certified and registered electrician, may also 

suffice. Finally, real-life work experience is invaluable for this type of work. Some companies 

require up to two years of work experience in a laboratory environment for this position.

SOlaR Radiant hEatinG inStallER

Used for both heating domestic water and heating homes, solar radiant heating systems 

are probably the most effective method of using solar energy. Solar radiant heating systems 

use a simple process of pumping water into solar panels to be heated and then stored in a 

tank until it is used. The water remains heated for about 24 hours. Solar radiant heating 

installers, install radiant heating appliances.

qualifications

Plumbing and engineering skills are much-needed for domestic and heating installations. 

For a career in solar thermal energy, basic electrical knowledge is also required. Degrees 

and certifications in engineering and plumbing give you the advantage in working as a 

solar radiant heating system installer. The solar radiant industry is currently growing, and 

many trade schools and universities are incorporating solar thermal studies in to their cur-

ricula. There is also an abundance of online trainings and seminars, for people interested in 

enhancing their knowledge in the field of solar radiant heating systems. Trainings involve 

radiant heating basics, radiant construction details, solar fundamentals, solar radiant design 

systems, heat load analyses, control strategies and installation standards, among others.

Learning to install solar thermal can be acquired through certifications or through more 

extensive programs. You can earn a Bachelor’s degree in various fields of solar technology. 

SOlaR OPERatiOnS EnGinEER

A Solar Operations Engineer is essentially an architect of new solar energy facilities. They 

design new solar systems, supervise and inspect the structures during construction, then 

test and monitor the new facilities. Solar Operations Engineers are generally considered to 

be experts on solar energy technology. Some companies may require Solar Operations Engi-

neers to monitor existing solar energy facilities as well. In this case, their job responsibilities 

would include overseeing the operation of solar farms in addition to designing new ones.

qualifications

A great deal of training and knowledge is required to develop and design solar facilities. 

A Bachelor’s Degree in engineering (preferably electrical engineering) is required, while a 

Master’s degree in the same fields would give you an employment edge. A Solar Operations 

Engineer must be familiar with both the design and construction of solar power facilities. 

To this end, construction training and experience are highly preferred. Having an NAB-

CEP certification or an electrical contractor’s license or both are a plus. At least one year 

of hands-on experience in fabricating, installing, testing, maintaining or repairing solar 

equipment is another excellent resume builder.
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SOlaR laB tEChniCian

A Solar Lab Technician works on the design, production, installation and testing of new 

solar energy technologies. Solar lab technicians usually work in Research and Development 

for a solar energy manufacturing company. This job requires a high degree of technical 

knowledge and a strong familiarity with solar science. It is also necessary to understand 

the function and chemistry of standard photovoltaic cells as well as the various applica-

tions of solar thermal technology. 

qualifications

Solar Lab Technicians must understand electronic engineering, architecture, development, 

fabrication and testing. Other desirable skills for this position include experience operating 

the instruments, tools, and equipment used in developing new solar technologies. Knowl-

edge of statistical methods and the ability to compile and analyze data are also necessary. 

A Bachelor’s or Master’s degree in engineering, electronics, physics, chemistry or material 

science is required. Alternatively, an Associate’s Degree in any of these subjects combined 

with at least two years of work experience in the field may also be sufficient.
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RENEWABLE ENERGY

location: Outdoors

Time: 50–120 minutes (1–2 class periods)

Materials: 

»  One Solar Pathfinder: www.solarpathfinder.com

»  Sunpath Diagram for 37°–42° Lat (1 per group) (inclduded 

with purchase of Solar Pathfinder)

»  Worksheet (1 per group)

»  Clipboards or notebooks (1 per group)

prep:

Organize materials, read instructions and set up the path-

finder, print worksheets

Instructions: 

1»  Explain to the class that they will be using an instrument 

called a Solar Pathfinder to determine a site’s potential for 

solar energy. Discuss what factors might affect the amount of 

solar energy that can be produced in a specific location.

2»  Group students into 3–5 groups. Each group will be re-

sponsible for selecting and measuring the solar potential for 

a location in the school yard (court yard, park, rooftop, ball 

field). Each group will need one worksheet to fill out while 

they are outside.

3»  Take students outside and demonstrate how the Solar 

Pathfinder works. Remember to adjust the pathfinder for the 

proper magnetic declination. For instructions on how to set 

up and use the solar pathfinder, see manual at:

www.solarpathfinder.com

4»  Each group will trace the objects reflected on the dome 

onto the sunpath diagram for their location. Students will then 

add the numbers in the un-shaded part of the sunpath arch for 

all 12 months (each month totals 100 with no shading). 

5»  Return to classroom and have students finish answering 

all the questions on the worksheet. 

6»  Hold a class discussion on results. Which location had the 

highest annual solar energy potential? Which had the least? 

What application for solar energy would be best suited in 

this location (PV, solar thermal, garden, etc.)? What would be 

an even better location at/near the school?

aCTIVITy 2a: SolaR paTHFIndER: aSSESSIng SolaR poTEnTIal 
Students will become familiar with a solar pathfinder and assess the solar potential of a particular site.
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RENEWABLE ENERGY
aCTIVITy 2a: SolaR paTHFIndER: aSSESSIng SolaR poTEnTIal 

In this activity you will be using a Solar pathfinder to assess a location’s potential for solar energy.

page 1   naME:

1   »  What factors might affect the amount of solar energy that can be produced in a specific location?

2
  

 »  The Solar Pathfinder is used to analyze the amount of shading at a site. Any trees, buildings, or other objects that 

 would block sunlight from hitting a specific location are reflected in the plastic dome, showing shading for that specific 

 sight for any time and month of the year. List the objects around your location that could cause shading and their cardinal 

 direction from your location (N, NE, etc).

Month unshaded numbers in arch Total (Solar potential)

January

February

March

April

May

June

July

August

September

October

November

December

annual average Solar potential
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RENEWABLE ENERGY

plot the data for each month in the graph.
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RENEWABLE ENERGY

3   »  What month has the highest solar potential?

4
  

 »  What month has the lowest solar potential? Explain any reasons why the solar potential is low.

5 »  The amount of electricity that a solar panel can produce is greatly reduced by shading. If even 10% of the panel is 

 shaded, from a tree branch or other object, electricity output can be reduced up to 50%. A general guideline for 

 selecting a location for solar panels is that it should receive at least 65% of available sunlight for the year – anything 

 less and the amount of electricity produced isn’t worth the cost of the panel. Explain why your location is or is not a 

 good site for solar energy.

 

6 »  What could be done at a location that has too much shading but has no other options for locating the solar panels?

aCTIVITy 2a: SolaR paTHFIndER: aSSESSIng SolaR poTEnTIal 

page 3 
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2b: SolaR CaRd gaME

location: Classroom

Time: 15 minutes

Materials: Solar Card game, 1 per group

prep: Print, cut, and if possible, laminate cards

 

Instructions:

1»  Divide the class into small groups of 4–5 students.

2»  Give one set of cards to each group.

3»  Students must sequence the flow of energy in a solar pho-

tovoltaic system as it travels from the sun through to the elec-

trical grid.

4»  Once all groups have completed ordering the cards, review 

the correct order.

noTE:  For this activity, assume that the solar panels are pro-

ducing more electricity than the appliances can use. 

CoRRECT oRdER: Sun » Module » Solar Array » (DC Disconnect) 

» Combiner Box » Inverter » Breaker Panel » Appliances » (AC 

Disconnect) » Electricity Meter » Electrical Grid

noTE: DC and AC Disconnect cards are optional and are de-

signed for students with advanced electrical training.

Students will understand how solar electricity is produced and delivered.
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Sun 
Energy from the Sun travels to Earth in  
small packets of light called photons.

Photo: NASA/SDO

SolaR aRRay  
Multiple panels are connected in series in order to 

increase the amount of electricity produced.

InVERTER 
An inverter converts direct current (DC) electricity  

produced by the solar array into the alternating 
current (AC) electricity used by household 

appliances and the electric grid.

Photo: Eric Barendsen

FOLD HERE
V

SolaR ModulE 
Made of a semiconductor material, such as silicon, 

solar panels, also referred to as photovoltaics 
(PV), convert sunlight into electricity. When 
photons strike the module, energy from the 
light is transferred to loose electrons in the 
semiconductor, causing them to move. The 

moving electrons create DC electricity.
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CoMbInER box 
In a combiner box, multiple strings of modules are 

joined together to create a single output point. Here, 
the strings are connected in parallel (multiple paths), 

increasing the total amperage of the system. The 
combiner box also protects the electrical system with 

fuses that stop surges of electrical current.

Photo: Ja.hess10  / wikiversity.org

aC dISConnECT  
The AC disconnect is used to separate the 

inverter from the grid. This will break the flow of 
electricity from the grid to a building to allow for 

maintenance.

dC dISConnECT 
The DC disconnect interrupts the flow of 

electricity from the solar panels before it reaches 
the inverter, for system maintenance and fire 

safety purposes.

Photo: USDA

Photo: USDA

FOLD HERE
V

bREakER panEl 
The breaker panel is a point where the power feed 

is divided into smaller circuits that distribute 
electricity throughout a building, while providing 

a protective fuse, or breaker, for each circuit. 
The breakers allow the circuits to be individually 
disconnected from the power source for safety 

and maintenance purposes.





5.41 Activities  »  Photovoltaics and Solar Thermal5.41

FOLD HERE
V

Photo:  CGP Grey

buIldIng applIanCES 
Electricity is distributed throughout 

the building, supplying power to 
appliances and lights.

ElECTRICITy METER 
A meter is used by utility companies to 

measure the amount of electricity consumed 
in a building. If a building has a solar array, a 
special bi-directional meter tracks electricity 

entering and leaving the building, because 
extra electricity produced by the array is sent 

out on to the grid.

 

ElECTRICal gRId 
The grid is the interconnected network of 

equipment, such as power lines and substations, 
which delivers electricity from where it is made to 
where it is consumed. A building with a grid-tied 
solar array feeds excess electricity on to the grid 
(i.e. sunny days) and draws electricity from the 

grid when the array is not producing enough 
electricity to power the building (i.e. night).

Photo: Dwight Burdette
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

location: This activity is ideally done outdoors. If this is not 

possible, you may use a heat lamp to perform the activities in 

the classroom.

Time: 1 or 2 class periods

Materials: 

»  Small solar panels

»  Protractors

»  Multimeters

»  Alligator clips

»  Small light bulbs

»  Motor with fan blades 

Instructions: 

In this activity, students will investigate Angles, Shading and 

Circuits to see how they impact the output of a solar panel.

part one: angles

1»  Divide the class into groups of 4–5 students and give each 

group worksheets, a protractor, 3 solar panels, 2, light bulbs, 2 

motors and a multimeter.

2»  Before beginning the experiments, have students answer 

the questions and develop hypotheses for how angles, shading 

and circuits will affect the panels.

3»  Each group should follow the instructions on the work-

sheet to use the multimeter to measure the amperage and volt-

age of the panel. To measure amperage, the solar panel must 

be in a circuit (connected to a load). To measure voltage, the 

panel must only be connected to the multimeter (no load).

4»  Using the protractor, they should set the panel up at each 

angle and take readings. After they record the amperage and 

voltage in the chart, have students multiply the two to find 

total wattage, and then answer the subsequent questions. 

part Two: Shading

1»  For this part of the activity, students will shade various 

amounts of the panel and again measure the voltage and am-

perage. 

2»  Using a thick piece of paper or cardboard, each group 

should shade the various amounts of the panel – 25%, 50%, 

75%, and 100%, take readings for each amount, find the total 

wattage and answer the subsequent questions.

part Three: Series and parallel Circuits

3»  In this part of the activity, students will construct series 

and parallel circuits and examine their effect on the voltage 

and amperage of the panels. In a series circuit, the voltage of 

the circuit is the sum of the voltages of the individual panels 

and the amperage of the circuit is the amperage of a single 

panel. In a parallel circuit, the converse is true, total amperage 

is the sum of the panels’ amperages while the total voltage is 

equal to that of one panel

4»  Each group should build one series and one parallel circuit, 

and use the symbols on the worksheet to draw a diagram of 

each. After they have completed the diagrams, they should an-

swer the following questions and write their conclusions.

objective: Students will investigate various factors that affect the power output of solar panels.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 1   naME:     

1 »  List three factors that cause changes in the intensity of sunlight hitting the Earth.

 a» 

 b»

 c»

2 »  Write down anything you know about photovoltaics (Hint: photo= light voltaic = electricity).

you will be given 3 solar panels, a multimeter and small loads (light bulbs, motors) to test the following:
  

 »  angle to light source: How does the angle to the light source affect the output of the solar module?

 »  Shading: How do differing amounts of shadow affect the output of solar modules?

 »  Circuits: How does the configuration of a circuit affect the output of solar modules?

3
 

 »  Write your hypotheses here:

 angles:

 Shading:

 Series and parallel Circuits:
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 2     

uSIng THE MulTIMETER

aMpERagE: To measure amperage, the solar panel MUST be connected to a load (motor or light bulb).

The RED lead should be plugged into the port labeled VΩmA on the multimeter and the BLACK lead is in the port la-

beled COM. Set the multimeter dial to 200 mA (milliamps). The multimeter must be wired in series.

VolTagE: To measure voltage, only the panel is connected to the multimeter. NO LOAD.

Plug the RED lead into the port labeled VΩmA. The BLACK lead should remain in the COM port. Set the multimeter dial 

to 20V (volts). The multimeter must be wired in parallel. 

angle amperage (a) Voltage (V)
Total wattage (w)

(A x V = W)

0°

15°

30°

45°

Choose an angle             °

4 »  Which angle produced the highest wattage?

 The lowest?
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 3   

5 »  Which variable was most affected by changes in the angle of the panel?  

6 »  What do you think are possible reasons for these results?

7 »  Write a conclusion using specific data from your work to support your statement.
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PHOTOVOLTAICS AND SOLAR THERMAL

SHadIng
1»  To shade the panel, cover a portion of the panel with your hand or a piece of cardboard. 

2»  To measure the amperage of each angle, touch the multimeter leads to the two points in the circuit where the panel wires 

are joined with the motor wires. Record your data in the chart below.

3»  To measure the voltage of each angle, remove the motor and connect the solar panel to the multimeter leads. Record your 

data in the chart below.

% of panel shaded amperage (a) Voltage (V)
Total wattage (w)

(A x V = W)

 0%

25%

50%

75%

100%

aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS
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8 »  Which variable was most affected by shading?
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 5   

9 »  Write a conclusion using specific data from your work to support your statement.  

10 »  Based on your investigations, which had a greater impact on the output of the solar panel - the angle to the light 
 source or shading? Why?

11 »  List at least 2 factors you must consider when installing solar panels. 
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 6   

SERIES and paRallEl CIRCuITS: Create series and parallel circuits using the materials you were given. Use the multimeter 

to measure the voltage and amperage of each circuit you build. Draw a diagram of each new circuit you create and answer the 

questions. 

SERIES CIRCuIT
A series circuit creates a single path for the electrons to flow. 

paRallEl CIRCuIT
A parallel circuit creates multiple paths for electrons to flow.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

page 7   

what is it? Symbol purpose

battery
Supplies electrical energy to the 
circuit.

Solar Cell
Supplies electrical energy to the 
circuit.

light bulb
Converts electrical energy into 
light and heat.

Motor
Converts electrical energy into 
mechanical energy

wire
Provides a path for electricity to 
flow in the circuit.

SERIES CIRCuIT 

12 »  Draw a diagram of your circuit. Be sure to label all of the parts and the colors of the wires.

Use these symbols to draw your circuits in the spaces below.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS

CIRCuIT VolTS aMpS Rate how well the loads operated

SERIES

bulb    1  2 3 4 5 
                 Dim               Bright

MoToR    1  2 3 4 5 
                Slow                 Fast

paRallEl

bulb    1  2 3 4 5 
                Dim               Bright

MoToR    1  2 3 4 5 
               Slow                 Fast

page 8   

paRallEl CIRCuIT
Draw a diagram of your circuit. Be sure to label all of the parts and colors of the wires.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2C: SolaR FIEld STudy: anglES, SHadIng and CIRCuITS
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13 »  What were the major differences you noticed between series and parallel circuits?

14 »  How do we express the relationship between voltage, current and power (Watts)?

15 »  Try unscrewing one light bulb in each circuit. What happens?

 SERIES:

 paRallEl:

16 »  How long do you predict that your circuits would continue to run if you left them connected?

 SERIES:

 paRallEl:
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

location: Classroom

Time Requirements: 1 class period

Materials: 

»  Worksheets

»  Calculators (optional)

 

Instructions: 

1»  For this activity, students may work alone or in groups.

2»  Give out the worksheets and review the basics of solar 

array layout as a class. Solar arrays may be oriented either in 

landscape or portrait (see photos on worksheet), similar to pa-

per in a printer, and you may look at both ways to determine 

which orientation will allow for more panels.

3»  It is important to remember during this exercise that 

you must always round down to the nearest whole number 

because you cannot fit a portion of a panel on a rooftop 

nor can the installation exceed the parameters of the roof.

4»  After completing the first exercise, the class will work in 

groups to do the second exercise. Each group will use one of 

the three panels on the worksheet and will choose either land-

scape or portrait. Alternatively, you may assign each group a 

panel and orientation (i.e. panel A, landscape), and each group 

will find the number of panels and total kilowatts of the sys-

tem for their configuration. 

answer key:

Panel A Portrait:   240 panels, 40.8 kW

Panel A Landscape:   242 panels, 41.14 kW

Panel B Portrait:   182 panels, 43.68 kW

Panel B Landscape:   200 panels, 48 kW

Panel C Portrait:   256 panels, 38.4 kW

Panel C: Landscape:   264 panels, 39.6 kW

objective: Students will design rooftop solar arrays, calculate the output of their systems and compare arrays to find 

optimum power production.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

The orientation of the solar panels determines the number of 

panels that can fit on a roof. The pictures below show portrait and 

landscape oriented solar arrays.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

1»  Layout a solar array with the panels oriented in portrait or landscape to understand how that impacts the size of an array.

2»  Compare different panel orientations to understand how they impact system size and solar power output.

1 »  Make a prediction: Will one orientation fit more panels than the other? Why or why not?

Based on the building and panel above, answer the questions below to determine the number of solar panels that can fit on the 

roof in portrait and in landscape orientations. The dimensions given for the building indicate the total usable space for panels. 

The panel shown on the roof is oriented in landscape based on the location of the entrance to the building. Remember to round 

down to a whole number, you cannot have a partial panel on a roof and you cannot have a panel hang over the edge of the building.

panel in portrait panel in landscape

page 2     
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

2 »  Convert the Length and width of the building to inches.

 Length in inches:

 Width in inches:

3
 

 »  How many panels can you fit the length of the building in landscape?  

4 »  How many panels can fit along the width of the building in landscape? 

5 »  What is the total number of panels that fit on the roof in landscape? 
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d:  SolaR InSTallaTIon ModElIng 

page 4   

6 »  Now imagine that the panel is rotated to portrait orientation. Repeat steps 2-4 to determine the number of panels  

 that would fit on the roof in portrait.

 a»  # of panels along the width in portrait

 b»  # of panels along the length in portrait

 

 c»  Total # of panels that can fit on the roof in portrait

7 »  Did one orientation provide more room for panels than the other? Why does this matter?

8 »  If each panel that is installed on the roof produces 150 watts, what is the difference in the amount of power the 

 system could produce in landscape compared to portrait orientation?
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

page 5   

paRT 2:  Based on the building and panels below, determine the size of the solar array, in kW, that you could install. Select 1 

of the 3 panels below and choose landscape or portrait orientation to answer the following questions.  Compare results with 

other groups to determine which panel and which orientation results in the most solar power. The dimensions for the building 

indicate the total usable space for panels.

noTE: You must leave 6 feet of space on all sides of the rooftop for fire access. 

30’

80’
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2d: SolaR InSTallaTIon ModElIng 

1 »  What panel and orientation are you going to test?

2
 

 »  How many of your panels positioned in the orientation you are testing fit along the 80 foot length of the building?

3 »  How many of your panels positioned in the orientation you are testing fit along the 30 foot width of the building?

4 »  What is the total number of panels that you can install on the roof?

5 »  Multiply the number of the panels by the wattage of the panel you are testing to determine the system size in watts.   

 To convert watts to kilowatts divide the watts by 1000. What is the size of the system you could install in kW?

6 »  Follow up: What real world factors, that we did not consider in this activity, may limit the number of panels that  

 could fit on a roof top?

page  6  
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2E: SolaR Map aCTIVITy 

location: Classroom

Time Requirements: 1 class period

location: Classroom

Materials: 

»  Worksheets 

»  Computer access

Instructions: 

1»  For this activity, students may work alone or in pairs.

2»  Give out worksheets and have students follow the instruc-

tions on the worksheet to become familiar with the website, 

www.nycsolarmap.com. The website is a map of rooftops in 

New York City and allows the user to explore solar potential 

of various sites and look at existing solar arrays as well. There 

is a short solar map demonstration under the “About” tab in 

“How to use the map”.

3»  Once students are comfortable with using the site, have 

them review the questions on the worksheet and follow the 

instructions for looking at existing solar arrays and selecting 

buildings on the map to complete the acitivity.

4»  After students have completed the activity, hold a class 

discussion about their findings and thoughts about the future 

of solar energy.

objective: Students will use a web tool to investigate existing solar installations and assess the potential of a solar 

installation on a selected building.
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2E: SolaR Map aCTIVITy 

page 1    naMES:   

obJECTIVE:

Use the interactive web app at www.nycsolarmap.com to learn about existing  solar installations and model how a new array 

could benefit a building.

InSTRuCTIonS:

1»  Log on to www.nycsolarmap.com, click “how to use the map” to familiarize yourself with the map features.

2»  Use the map and look through the icons on the map to learn about existing solar installations.

3»  See an estimate of how a solar installation could benefit a building.

anaToMy oF a pV CEll
PV cells are made of a semiconductor material, typically silicon, and a conducting material, which creates a positive and a nega-

tive charge in the silicon. When sunlight strikes a PV cell, electrons in the silicon are displaced. The loose electrons move down 

wires attached to the cell, forming an electric current. Depending on the configuration, the current and voltage of a panel’s 

output may be increased by increasing the numbers of cells. PV modules sold commercially range in power output from 5 watts 

to 300 watts. Connecting modules together increases the power output. For building applications, PV arrays are measured in 

kilowatts or (kw) and the amount of energy that an array generates over time is measured in kilowatt-hours or (kw).

http://www.nycsolarmap.com
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PHOTOVOLTAICS AND SOLAR THERMAL
aCTIVITy 2E: SolaR Map aCTIVITy 

STEp 1: 

use the “zoom to borough” feature to go to a borough. using the legend, click on an icon for a commercial building that has 

“pV w/ data Monitoring.”

1 »  What is the size (kW) of the system?

based on the amount of sun that new york City receives in one year, we can estimate that a 1 kw solar array will produce 

1,200 kwh annually.  

2 »  Using the estimate above, how many kilowatt hours (kWh) of electricity will a 7kW array produce in a year?

3 »  If the average rate of electricity in New York City is $0.20, how much money will this array save in one year?

page 2      
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PHOTOVOLTAICS AND SOLAR THERMAL

STEp 2: use the “select building” tool to learn how a solar installation could benefit a building. go through the site details to 

determine the impact of a pV array on the building you selected.

4 »  How many kilowatts of PV could you install on the location you selected? How much money would it save annually?

5 »  Which month is estimated to have the greatest energy production?  Why do you think that is?

6 »  How many years would it take for the savings on electrical bills to pay off the cost of the installation? How did you  

 arrive at this number?

7 »  Do you think a PV installation is a good option at the location you selected?

page 3      
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PHOTOVOLTAICS AND SOLAR THERMAL

Follow up QuESTIonS:

8 »  What are the benefits of using PV for electricity?

 

9 »  What are the drawbacks of using PV to generate electricity?

10 »  Do you think we should have more PV installations? Why or why not?

11 What do you think would have to happen for PV installations to become more widespread?

page 4     
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RENEWABLE ENERGY
aCTIVITy 2F: SolaR THERMal waTER HEaTER dESIgn (PAGE 1 OF 2)

location: Classroom and Outdoors

Time: 100–120 minutes (2 class periods)

Materials:

For Water Storage Tank (per group)

»  1 liter plastic bottle

»  Cardboard box that fits the bottle

»  Insulation material (styrofoam pellets, newspaper, cellu-

lose, cotton fabric)

»  2 ft of plastic tubing (3/8” inside diameter, 1/2” outside 

diameter)

»  Rubber grommet 1/2” inside diameter (to seal hole in 

bottle for tubing insert)

For Solar Collector (per group)

»  Cardboard box at least 4” deep and 12”x12” with plastic cover 

(cover can be made with clear plastic wrap, plastic panel or 

glass. Also a disposable baking tin with a plastic lid works well.)

»  Insulation material (styrofoam pellets, newspaper, cellu-

lose, cotton fabric)

»  Cardboard cutout same size as bottom of cardboard box

»  3 feet of bendable copper tubing 3/8” diameter

For Experiment (per group)

»  Stopwatch

»  4 Styrofoam cups

»  Digital thermometers (immersion thermometer will work also)

»  Solar Thermal Design Worksheet

Additional Materials for the Class

»  Scissors

»  Packing tape (for attaching box lid)

»  Waterproof glue

»  Aluminum foil

»  Black paint

»  String or wire to attach copper tubing to bottom of solar 

collector box

»  Copper tubing bender tool

»  Copper tubing cutting tool

»  Drill (optional) to makes holes for tubing

»  1 liter measuring cup

prep: Gather all materials and tools, print worksheets

Instructions: 

Water Storage Tank (15 minutes)

1»  Cut or drill a 1/2” hole into the side of the 1 liter bottle 

near the bottom and large enough for the 1/2” grommet to fit 

inside.

2»  Cut a 1/2” hole into the side of the cardboard box near 

the bottom.

3»  Insert the rubber tubing through the rubber grommet in 

the plastic bottle so at least 1/2” of tubing is inside the bottle. 

Pull other end of the rubber tubing out through the hole in 

the cardboard box. 

4»  Fill the space between the bottle and inside of the box 

with insulation material, leaving the mouth of the bottle 

exposed.

Solar Collector (45 minutes)

1»  Line the inside of the box with aluminum foil.

2»  Cover the cardboard cutout that’s the same size as the bot-

tom of the box with aluminum foil and paint one side black.

3»  Fill the box 2” deep with insulation material.

4»  Set the painted cardboard cutout on top of the insulation 

inside the box, black side facing the top.

5»  Cut two holes 3/8” diameter on opposite sides of the 

cardboard box and at opposite ends (one hole at top right, 

one hole a bottom left). Make sure to cut the holes above the 

insulation and cardboard cutout. 

6»  Bend the copper tubing into an S shape that repeats over 

and over. One end should stick out the hole in the top right 

side of the box and other end should stick out the hole in the 

bottom left side of the box.  Paint the copper tubing black. 

Students will construct and test solar thermal water heaters.
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RENEWABLE ENERGY

7»  Cover the box with the plastic lid.

8»  Attach the rubber hose from the water storage tank to 

one end of the copper tubing.

Testing the Solar Thermal Water Heater

1»  Take the system outside (you can disconnect the hoses 

for easier transport) on a sunny day. It can be any season of 

the year as long as it is a bright sunny day. Set up the water 

storage tank and the solar collector in an area receiving full 

sunlight – no shadows.

2»  Test the air temperature.

3»  Measure 1 liter of water and record the initial tempera-

ture. Then pour the water into the plastic bottle in the stor-

age tank. Plug the open end of the copper tubing to prevent 

the water from pouring out. Hold a cup to catch the water 

and unplug the copper tubing, allowing the water to flow 

into the cup. You can increase or decrease the water flow by 

changing the height of the water storage tank relative to the 

solar collector. Try to set the tank at a height to achieve slow 

steady flow of water. When the cup fills with water, place an 

empty cup in its place and pour the water back into the stor-

age tank. 

4»  Record the temperature of the water in the plastic bottle 

every 5 minutes for 20 minutes while continuing to pour the 

water back into the storage tank as each cup is filled, keeping 

a continuous flow of water through the system. Students can 

take turns collecting the water, pouring the water back into the 

tank, recording the temperature of the water, outside air and 

air inside the solar collector and watching the stopwatch. 

aCTIVITy 2F: SolaR THERMal waTER HEaTER dESIgn (PAGE 2 OF 2)
Students will construct and test solar thermal water heaters.
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RENEWABLE ENERGY
aCTIVITy 2F: SolaR THERMal waTER HEaTER dESIgn
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In this activity you will be building and testing a solar thermal water heater. 

1 »  Explain how the solar thermal water heater works.

2 »  How many degrees Fahrenheit do you expect it will heat the water (tap water typically ranges from 70-80°F, water 

 boils at 212°F).

3 »  Record the following data on the table below.

Time water Temp (°F)
Change in water Temp 

(∆°F)
outside air Temp (°F)

Inside Solar Collector 

Temp (°F)

0 mins (initial)

5 mins

10 mins

15 mins

20 mins (final)
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RENEWABLE ENERGY
aCTIVITy 2F: SolaR THERMal waTER HEaTER dESIgn
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4 »  Plot the data for water temperature on the graph.

130
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90

80

70

60
1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20

5 »  Calculate the overall heat gain of the system by subtracting the initial temperature from the final temperature. 

 

 Final Temp ____________   -  Initial Temp _________   =   __________________

6 »  Compare the results of the other models that used different insulation materials. Which model had the highest 

 heat gain? Why?

7 »  What factors determine the rate at which the water temperature can increase in a solar thermal system?
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Minutes
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8 »  Explain what role, if any, the outside air temperature has on a solar thermal water heater. Will it work in cooler 

 winter temperatures?

9 »  What are the benefits of using a solar thermal water heater for supplying hot water to homes and buildings?

10 »  What are the potential challenges to using a solar thermal water heater for supplying hot water or heat to a building?

11  »  Describe how you could improve the overall efficiency of the solar thermal water heater.

aCTIVITy 2F: SolaR THERMal waTER HEaTER dESIgn

page 3   
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RENEWABLE ENERGY
aCTIVITy 2g: buIld a SolaR uSb CHaRgER

location: Classroom

Time: 40 minutes

Materials: 

Parts:

»  Solar panel (see below for sizing requirements)

»  2 AA nickel-metal hydride batteries (NiMH)

»  USB Charging Circuit 

»  a1N914 Diode 

»  AA battery holder

»  20–22 AWG wire

»  Plastic or metal protective case

Tools needed:

»  Soldering iron

»  Tin snips

»  Wire strippers

»  Hot glue

»  Electrical tape

prep:

1»  When working with direct current (DC) power, such as 

photovoltaics or batteries, black wires indicate the negative 

side of a circuit and red wires indicate the positive side. To 

convey this to students, buy wires in red and black if pos-

sible. This also makes it easier to keep track of wiring while 

constructing the chargers.

2»  It is important to get the batteries and solar panels with 

the correct voltages and amperages. AA Nickel-metal hydride 

(NiMH) batteries typically have a voltage of 1.2 volts. When 

they are put in a series circuit, as in the photo, they will pro-

duce 2.4 volts. Use a panel that provides at least 4 volts so that 

in less-than-ideal light, the panel will still charge the batteries.  

3»  Amperage is drawn by the device using the electricity not 

pushed out by the power supply. The higher the amperage of 

the AA batteries the quicker they will charge the USB device. 

The amperage of the solar panel should be equal to 10 percent 

of the batteries’ amperage. This will prevent the batteries over-

charging, which can destroy them. Checking the batteries with 

a multimeter will let you know when they should be charged.

4»  The USB charge circuit is the most important part of 

the charger. USB devices need 5 volts of electricity (give or 

take 5%). The circuit takes the electricity from the batteries 

and converts it to the 5 volts a USB device accepts. Finding a 

charging circuit can be tricky. While there are a lot of cheap 

USB products that can be purchased online, please note that 

some chargers will not work with every device. To make this 

project more engaging for students, buy a few different types 

of USB chargers. Alternatively premade USB circuits can be 

purchased from: browndoggadgets.com. 

Instructions: 

1»  Cut 2 lengths of wire 3–4 inches long.

2»  Strip ¼” of the coating off from both ends of the wires.

3»  Solder one wire to the negative lead on the solar panel.

4»  Solder the diode to the positive lead of the solar panel.  

Make sure that the lead of the diode that is further from the 

stripe on the diode is soldered to your solar panel.

Note: Diodes allow electricity to flow in only one direction 

in a circuit. In this circuit they allow electricity from the 

solar panels to flow into the battery without letting electric-

ity from the batteries flow back out. If the diode is installed 

incorrectly the circuit will not work.

5»  Now solder the other length of wire to the diode’s lead 

that is closest to the stripe and put the panel to the side.

6»  Strip ¼” of the coating from the ends of both wires on 

the battery holder.

Student will construct small solar USB chargers.

browndoggadgets.com
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7»  Twist the leads of the solar panel together with the leads 

of the battery holder: positive to positive and negative to 

negative, and solder them together.

8»  Now solder the positive leads from the battery and solar 

panel to the positive lead on the charging circuit and the 

same with the negative leads

9»  Lastly, mount the components in something to protect 

them. Any plastic or metal case will work as long as it fits 

your battery, USB circuit and panel. Insulate the USB circuit 

and all the connections with electrical tape in order to pre-

vent short circuits. Use hot glue to mount everything where 

it fits best, making sure that the batteries and USB jack are 

accessible. 

aCTIVITy 2g: buIld a SolaR uSb CHaRgER
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RENEWABLE ENERGY
aCTIVITy 2H: FEEd-In TaRIFF CaSE STudIES: gERMany and gaInESVIllE, FloRIda

location: Classroom and/or homework assignment

Time: 

2 class periods or assigned reading and research at home and 

one class period

Materials: Worksheet, copies of articles, computer access

prep: 

Copy and prepare articles for students if there is no com-

puter access

Instructions:

1»  Explain to the class that, like net metering, feed-in tariffs 

are another type of incentive policy to encourage the wide-

scale use of renewable energy.

2»  Have students read the articles found in the links below. 

Additionally, they should conduct research on their own 

about feed-in tariffs and the implementation of solar in both 

Germany and Gainesville, Florida.

3»  Students should compose in-depth answers to the lead-

ing questions on the worksheet. They may work alone or 

in small groups. Reading and background research may be 

assigned as homework.

4»  After students have completed the worksheets, lead a 

class discussion on their findings and successful methods of 

implementing solar on a policy level.

Gainesville Florida Uses Solar Power 

Book: “Before the Lights Go Out”,  Maggie Koerth-Balker; 

chapter 13

Websites:

»  http://cleantechnica.com/2012/01/06/gainesville-florida-

becomes-a-world-leader-in-solar/

»  http://cleantechnica.com/2012/03/28/more-evidence-of-a-

distributed-solar-sweet-spot/

Germany set to lead the globe in use of Solar Energy

Book: “Energy Switch: Proven Solutions for a renewable Future”, 

Craig Morris; chapter 8

Websites:

»  http://cleantechnica.com/2012/07/04/germany-sets-a-new-

solar-power-record-14-7-twh-in-6-months/?fb_ref=wp

»  http://cleantechnica.com/2012/07/26/germany-26-of-electric-

ity-from-renewable-energy-in-1st-half-of-2012/

Students will examine two examples of successful policy that has increased use of solar energy.

http://cleantechnica.com/2012/01/06/gainesville-florida-becomes-a-world-leader-in-solar/
http://cleantechnica.com/2012/01/06/gainesville-florida-becomes-a-world-leader-in-solar/
http://cleantechnica.com/2012/03/28/more-evidence-of-a-distributed-solar-sweet-spot/
http://cleantechnica.com/2012/03/28/more-evidence-of-a-distributed-solar-sweet-spot/
http://cleantechnica.com/2012/07/04/germany-sets-a-new-solar-power-record-14-7-twh-in-6-months/?fb_ref=wp
http://cleantechnica.com/2012/07/04/germany-sets-a-new-solar-power-record-14-7-twh-in-6-months/?fb_ref=wp
http://cleantechnica.com/2012/07/26/germany-26-of-electricity-from-renewable-energy-in-1st-half-of-2012/
http://cleantechnica.com/2012/07/26/germany-26-of-electricity-from-renewable-energy-in-1st-half-of-2012/
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RENEWABLE ENERGY
aCTIVITy 2H: FEEd-In TaRIFF CaSE STudIES: gERMany and gaInESVIllE, FloRIda
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1 »  What are the differences between net metering and feed-in tariff policies? In what ways does  each promote the 

 successful implementation of renewable energy? What is the primary goal of each?

2 »  Briefly explain how feed-in tariffs are being used in both Germany and Gainesville.

3 »  Based on your case studies, what differences do you see between feed-in tariff policy at a local level and at a 

 national level? Is one more effective than the other? Why?
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4 »  What, if any, negative aspects do you find about feed-in tariff policy in Gainesville and Germany? Are there ways in 

 which problems could be avoided? 

5 »  How would you alter these policies to make them more effective?

6
 

 »  In your research, did you come across any other policies or incentives that encouraged use of renewable energy? 

 Briefly explain location and details of policy. Were these policies effective? How did they compare to feed-in tariffs? 

 Please explain.

aCTIVITy 2H: FEEd-In TaRIFF CaSE STudIES: gERMany and gaInESVIllE, FloRIda

page 2



5.75 Lesson 03  »  Renewable Energy 

This lesson examines the mechanics, impacts and applications of wind energy. Students will understand 

the operation and function of wind turbines to generate electricity. Through model building projects, stu-

dents will investigate the factors affecting the efficiency and production of energy from wind power. Siting 

issues such as wind patterns, location and topology are explored in a research project.

wInd powER Today 

Wind energy currently makes up 2% of electrical energy generation in the United States 

(NREL). It is one of the fastest growing sectors of alternative energy production because its 

cost is comparable to conventional methods of energy production. In the United States, 14 

states generate more than 1,000 megawatts (MW) of power from wind energy, with Texas 

leading at 10,377 MW. 

A typical utility-scale wind turbine can produce up to 1.8 MW of electricity, enough to 

power 600 homes. Wind turbines can be applied as stand-alone systems to generate electric-

ity for single sites or connected to the electrical grid, supplying electricity for small towns 

and big cities. 

When several wind turbines are installed in the same area, they form a wind farm, which 

can produce as much electricity as a conventional fossil fuel-burning power plant. The Alta 

Wind Energy Center in California is the largest wind farm in the United States, producing 

up to 1020 MW of electricity, roughly the amount needed to power 340,000 homes. Offshore 

wind farms, groups of turbines operating over bodies of water, are being pioneered in Eu-

rope, taking advantage of higher and more consistent wind speeds. While offshore wind 

farms are relatively more expensive to build than those on land, their output tends to be 

more reliable, supplying a higher annual amount of electricity than land-based wind farms. 

Worldwide offshore wind power capacity is expected to reach 75 gigawatts (GW) by 2020, 

with the majority of development in China and the United States (Madsen & Krogsgaard, 

Offshore Wind Power 2010, BTM Consult, 22 November 2010). 

LESSON 3:
Wind Power

lesson Vocabulary

 » Airfoil

 » Anemometer

 » Blades

 » Drag

 » Generator

 » High Pressure

 » Horizontal-Axis Wind  

Turbine (HAWT) 

 » Jet stream

 » Lift

 » Low Pressure

 » Prevailing winds

 » Vertical-Axis Wind  

Turbine (VAWT)

 » Turbulence

 » Wind Farm
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anaToMy oF a wInd TuRbInE

Wind-driven energy systems – or wind turbines – consist of a tower to support me-

chanical components including the blades, rotor and nacelle. The force of the wind on 

the blades causes them to spin the rotor, which spins the gear shaft that then turns the 

generator to make electricity. Most large wind farms feed electricity into the grid, prior to 

which the direct current (DC) is converted to alternating current (AC) in order to provide 

electricity to homes and businesses.

2011 Year End Wind 
Power Capacity (MW)

source: US DOE

Diagram of a 
Wind Turbine

source: Energy Efficiency and 
Renewable Energy
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The design of the blades greatly affects the amount of energy a wind turbine can generate. 

When designing blades for large-scale wind turbines, engineers must take into account the 

aerodynamic force of drag, or resistance, which acts against the surface of the blade causing 

it to move slower. It is helpful to think of drag as friction: the greater the drag, the slower 

the blade will spin. To counter the force of drag, blades are shaped using airfoil design, in 

which one side of the blade is rounded and the opposite side is mostly flat, much like the 

wing of an airplane. The airfoil design creates lift, a force which can be stronger than the 

force of drag. Lift is caused by a pocket of low pressure created when the wind moves over 

the rounded end of the blade. This pocket of low pressure pulls the blade in a perpendicular 

direction to the flow of the wind. The combination of drag and lift are essential to efficient 

blade design and the more they can be utilized, for example, twisting the blades to take 

advantage of these forces at different angles, the more energy a turbine can produce. 

Shepards Flat Wind farm in 

Oregon; 845 MW plant will 

be the largest farm in the 

world covering 30 square 

miles and including 338 

turbines each with a capac-

ity of 2.5 MW.  Cost will be 

$2 billion and employ 400 

people.

http://en.wikipedia.org/wiki/

Shepherds_Flat_Wind_Farm

Aerodynamics of a 
Wind Turbine

LIFT DRAG

image: Solar One

Horizontal-Axis 
Wind Turbine

There are two main types of wind turbines: the horizontal-axis wind turbine (HAWT) 

which spins on an axis parallel to the ground, and the vertical-axis wind turbine 

(VAWT) which spins on an axis perpendicular to the ground. Of the two, HAWTs are more 

common and make up the majority of commercial wind turbines, where the VAWTs are 

used more for small-scale and residential applications. Advantages of VAWTs are that they 

don’t require high wind speeds to operate and can be situated lower to the ground, making 

maintenance easier. Because their footprint is smaller and they operate at lower speeds, 

VAWTs produce less vibrational stress, making them a better option for placement on top 

of buildings and other infrastructure.  

http://en.wikipedia.org/wiki/Shepherds_Flat_Wind_Farm
http://en.wikipedia.org/wiki/Shepherds_Flat_Wind_Farm
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betz’ law

German physicist Albert Betz wanted to find the maximum amount of energy that could be 

obtained from a wind turbine. He discovered that if a turbine were 100% efficient, convert-

ing all available wind energy into mechanical energy, then it would stop spinning because 

the wind speed would be zero after it passed through the blades, preventing more wind 

from moving through. In 1919 Betz developed a law, which states that a wind turbine 

cannot be more than 59.3% efficient. This allows enough wind energy to pass through the 

turbine to keep the wind moving and the blades spinning. Most utility-scale turbines oper-

ate near the Betz limit, achieving the maximum efficiency possible.

SITIng oF wInd TuRbInES

Selecting the best sites for wind turbines requires an understanding of how wind is formed 

and where to find it. Wind is caused by the uneven heating of the Earth’s atmosphere. As 

the sun heats the Earth, some areas are heated more than others. Geography, bodies of water 

and topology influence the heating and consequently, the movement of air on the planet. 

Air moves from areas of high pressure (cooler and drier air) to areas of low pressure 

(warmer and wetter air). Think of air being released from a balloon: the air inside has a 

higher pressure than the air outside, causing the air to move out of the balloon when 

released. Differences in air pressure are caused by the solar heating of the Earth. As the sun 

warms different parts of the planet, the air molecules heat up, decreasing their density and 

causing them to rise. When the warm air rises, cooler, denser air molecules move in to fill 

the space. This movement is what creates wind. 

Depending on the size and model, optimal wind speeds for turbines vary, but most tur-

bines generally operate best at wind speeds between 20–25 mph. When wind speeds reach 

45–55 mph, turbines will automatically shut down to prevent damage, locking the rotor in 

place with brakes to keep it from spinning in extreme conditions. 

An anemometer is an instrument used to measure wind speed – the velocity of the 

wind in mph (miles per hour) or m/s (meters per second). 

Wind speed and direction are influenced by various factors including the rotation of the 

Earth and geographic and topographic features such as bodies of water and mountains.

Vertical-Axis 
Wind Turbine

 Anemometer
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US Land-Based and 
Offshore Annual Average 

Wind Speed at 80 m

source: National Renewable Energy Laboratory

Due to fewer obstructions to the path of the wind, wind speed is generally faster and more 

consistent at higher elevations. These higher elevation winds are known as prevailing 

winds because they almost always blow in the same direction. In the mid-latitude regions, 

between 35-65 degrees, prevailing winds blow from west to east and are responsible for 

weather patterns moving from west to east in the United States. Trade winds, the prevailing 

winds in the tropics, blow from the northeast in the northern hemisphere and are responsi-

ble for driving hurricanes from the warm tropical waters of the Atlantic to the southeastern 

United States. The highest winds are jet streams, currents of air that move from west to 

east and are located at the edge of the troposphere, traveling at speeds over 100 mph.

Wind speed and direction are changed by landscapes. The direction of the wind can be 

changed by being forced to take a different path as it moves over and around the contours 

of the landscape. When wind is forced over and around forests or jagged rocky landscapes 

– or even large buildings – it is slowed down by the longer path it must take or from losing 

energy as it is transferred into the motion of swaying branches. Large bodies of water, such 

as oceans and lakes, and open flat landscapes allow the wind to move unobstructed, main-

taining higher wind speeds as it travels across the flat surface. 

Physical differences in topography create different wind conditions. Mountains force 

winds upward into higher elevation or through mountain gaps, increasing overall wind 

speed and creating turbulence, irregular and unpredictable airflow. Land tends to heat 

up faster than bodies of water, creating a difference in air pressure between the two 

surfaces. As the air warms over land it rises, causing the cooler air over the water to blow 

inland, producing ocean breezes and lake-effect winds. This phenomenon is reversed at 

Check out this interactive real-time wind 
map by going to the link below:

»   http://hint.fm/wind/index.html

http://hint.fm/wind/index.html
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night as the land cools faster than water, creating a land-breeze, in which wind blows out 

towards the body of water.

To determine the location and elevation that will provide consistent and reliable wind 

speed, an analysis of annual wind patterns based on the above factors are studied before 

wind turbines are installed. Geologists and meteorologists play a large role in deciding the 

placement of wind turbines, supplying data that is used to determine the available wind 

energy in a specific location. 

CHallEngES and oppoRTunITIES 

A major challenge for wind power is location. Many places where the wind is more 

consistent and well-suited for wind farms are far away from the large energy demands of 

cities. Transporting electricity over long distances is expensive and inefficient. Producing 

wind energy closer to urban centers is also problematic as buildings act as barriers to wind 

movement, making wind speed and direction unpredictable and unreliable. 

Another challenge for wind energy is intermittent wind speeds, which make it difficult to 

supply a reliable and consistent amount of electricity. Installing wind turbines in multiple lo-

cations around a city that have differences in wind patterns, is one way of increasing reliabil-

ity. Combining wind power with another renewable energy source, such as solar, is another 

possibility for increasing consistency.

In addition to these technical challenges, wind power has generated controversy in the public 

opinion. Some is related to aesthetics; local residents have spoken out against the installa-

tion of wind turbines near their homes or properties claiming that it will adversely affect 

their scenic views or that the spinning blades create a distracting, flickering shadow. Other 

concerns are related to endangering birds and noise from the rotating blades. Mitigation mea-

sures include careful siting to avoid disrupting migratory pathways and sensitive habitats. 

Wind power is a clean, renewable and relatively inexpensive energy source, and despite 

these challenges, the use of wind power continues to grow thanks to government incen-

tives and an increased demand for cleaner sources of energy.

One lesser known method for storing energy produced by wind and solar during peri-

ods of low demand is pumped-storage hydroelectricity. If wind turbines generate 

excess electricity on a windy night, it can be used to pump water into a reservoir at 

higher elevation. The water is held in the reservoir until electricity is in high demand 

or no wind power is available, when it is released through a turbine into a hydro-

electric dam that generates electricity. Pumped-storage hydroelectricity is the largest 

capacity form of energy storage currently available for grid systems and increases the 

reliability of intermittent energy sources like wind and solar.
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RENEWABLE ENERGY

location: Classroom and outdoors

Time: 1 hour

Materials: 

»  Small paper cups (4 per group)

»  Push pins (1 per group)

»  Pencils with erasers (1 per group)

»  Stopwatch (1 per group)

»  Cardboard cut into strips of the same length – about 6”–9” 

(2 strips per group)

»  Scissors (1 per group)

»  Rulers (1 per group)

»  Stapler 

»  Markers

»  Small piece of modeling clay (1 per set)

»  Pressure or ball anemometer

»  Worksheet

prep: Cut cardboard into strips of same length and width, 

about 6”–9" long by ½” wide. Cut enough for each group to 

have 2 strips.

Instructions:

»  Ask the class if they know how the speed of wind is mea-

sured. The instrument for measuring wind speed is called an 

anemometer. They will be building anemometers.

»  Divide the class into groups of 4 students each. Give each 

group 4 small paper cups, 1 push pin, a ruler, a marker, a 

sharpened pencil, small piece of modeling clay and 2 strips of 

cardboard.

»  Have the students color or decorate the outside of one of 

the paper cups with a marker.

»  Have each group form a plus sign with the cardboard 

strips, using the ruler to make sure all of the arms are of 

equal length. These are the blades of the anemometer.

»  Go around and staple the strips together in the center of 

the plus sign.

»  Turn the cups sideways and staple each cup to the end of 

each cardboard blade. All cups should be facing the same 

direction.

»  Push the pin through the center of the plus sign into the 

eraser side of the pencil. Test to be sure that the blades spin 

freely.

»  Stick the sharpened end of the pencil into the modeling 

clay to form a base.

»  To use: Take the anemometers outside and place them in 

an unobstructed spot, using the clay to attach it. Make sure 

the pencil is straight and secure. Using the stopwatch, each 

group should count the number of times the anemometer 

spins around in one minute by following the colored cup. »  

»  Show students a pressure or ball anemometer and demon-

strate how it works and count the number of times it spins in 

one minute. 

»  Return to the classroom and ask the students to complete 

the worksheet.

»  Lead a discussion comparing groups' results.

aCTIVITy 3a: wInd SpEEd

Build an anemometer to measure wind speed, then calculate miles per hour and compare results to the Beaufort Scale to 

understand the kinetic energy available in wind.
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RENEWABLE ENERGY
aCTIVITy 3a: wInd SpEEd

To calculate wind speed:

a  »  Use a ruler to measure the diameter of your anemometer in inches.

 

b »  Multiply the diameter by Pi (3.14) to find the circumference. Circumference (C) = Pi (3.14) times Diameter (C=πD)

C »  Multiply the circumference by the number of revolutions per minute to find the distance traveled in one minute. If 

 you measured revolutions per 10 seconds, multiply by 6 to find revolutions per minute (C x RPM).

d »  Multiply by 60 to find inches per hour (C x RPM x 60)

E »  To convert from inches per hour to miles per hour, divide by 63,360 inches/mile (C x RPM x 60)/63360 = MPH

F »  Compare your results to the results you recorded from the hand-held ball anemometer. Is the wind speed about 

 the same? If not, what factors might account for the difference?

Compare your results to the Beaufort Scale (see next page): 

a »  Looking at the Beaufort Scale, what is the Beaufort Number and Name of Wind for the wind speed you measured? 

b »  What range of numbers on the scale (ex. 3–6) do you think is best for powering a wind turbine? 

C »  Do you think the wind speed you measured with the anemometer is high enough to power a wind turbine? 

page 1   naME:
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RENEWABLE ENERGY
aCTIVITy 3a: wInd SpEEd

page 2

Francis beaufort spent 20 years sailing with the British Royal Navy. During that time he studied wind 

and in 1805 he created the Beaufort Scale to provide a rating of wind power based on his observations 

instead only relying on devices that measure wind speed. The beaufort Scale rates wind power from 

0-12 by looking at how strong it is. The scale is an excellent tool for estimating the force of wind.

beaufort # name of wind land Conditions wind Speed (MpH)

0 Calm Smoke rises vertically less than 1

1 Very Light
Direction of wind shown by smoke drift 
but not by wind

1-3

2 Light Breeze
Wind felt on exposed skin. Leaves 
rustle. Wind vanes begin to move

4-7

3 Gentle Breeze
Leaves and small twigs constantly 
moving, light flags extended.

8-12

4 Moderate Breeze
Dust and loose paper raised. Small 
branches begin to move.

13-18

5 Fresh Breeze
Branches of a moderate size move. 
Small trees in leaf begin to sway.

19-24

6 Strong Breeze

Large branches in motion. Whistling 
heard in overhead wires. Umbrella use 
becomes difficult. Empty plastic bins 
tip over.

25-31

7 Near Gale
Whole trees in motion. Effort needed 
to walk against the wind.

32-38

8 Gale
Some twigs broken from trees. Cars 
veer on road. Progress on foot is seri-
ously impeded.

39-46

9 Strong Gale

Some branches break off trees, and 
some small trees blow over. Construc-
tion/temporary signs and barricades 
blow over.

47-54

10 Storm

Trees are broken off or uprooted, 
saplings bent and deformed. Poorly 
attached asphalt shingles and shingles 
in poor condition peel off roofs.

55-63

11 Violent Storm

Widespread damage to vegetation. 
Many roofing surfaces are damaged; 
asphalt tiles that have curled up and/
or fractured due to age may break away 
completely.

64-73

12 Hurricane

Very widespread damage to vegeta-
tion. Some windows may break; mobile 
homes and poorly constructed sheds 
and barns are damaged. Debris and 
unsecured objects are hurled about.

greater than 74
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RENEWABLE ENERGY

location: Classroom

Time: 1 hour

Materials: 

»  US Map Topographic Relief

»  US Map Land-based and Offshore Wind Speed at 80m

»  US Map 2011 Year End Wind Power Capacity

»  Colored pencils

»  Calculators

»  Computers or printouts of reports from New York Small 

Wind Explorer (http://nyswe.awstruepower.com)

prep: 

Print out maps and student worksheets for each group or 

pair of students

Instructions: 

»  Pass out worksheets, Map #1 and Map #2.

»  After students have completed numbers 1 & 2 on the work-

sheet, pass out the remainder of the maps.

»  Question #5 on the worksheet requires students to use 

computers. If you do not have computer access in the class-

room, print out reports for 3 locations on the map.

aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES

Use different maps to determine the best site for placing wind turbines, then calculate the amount of energy that could be 

produced at specific sites in New York State.

http://nyswe.awstruepower.com
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RENEWABLE ENERGY
aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES

1 »  Starting with Map #1, the blank outline map of the United States, draw and label the following geographic 

 features. Use Map #2, the US Topographic Relief Map, for help: 

 »  Rocky Mountains  »  Sierra Nevada Mountains

 »  Appalachian Mountains       »  Cascade Moutains

 »  Great Basin   »  Great Lakes

 »  Great Plains   »  Gulf of Mexico

 »  Pacific Ocean   »  Atlantic Ocean

2
 

 »  Choose three different colored pencils, one to represent high wind speed, one to represent moderate wind 

 speed, and one to represent low wind speed. Using the colored pencils, shade the areas on Map #1 with the 

 appropriate color for what you think the wind speed is for that region.  

 a»  What areas of the US do you expect to have the highest wind speeds? Why?

 b»  What areas of the US do you expect to have the lowest wind speeds? Why?

 c»  Based on your map, what US state do you think has the greatest potential for wind energy? Why?

3 »  Compare your shaded map to Map # 3, the US Land-Based and Offshore Annual Average Wind Speed at 80m Map. 

 This map shows wind speeds at 80 meters (262 feet) above the surface.

 a»  What region has the highest land-based wind speeds in the US? 

 b»  What states have the highest offshore wind speeds?

page 1   naME:
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RENEWABLE ENERGY

4 »  Compare the US Average Wind Speed Map with the 2011 Year End Wind Power Capacity Map #4.

 a»  In 2011, what state produced the most MWs of wind power?

 b»  What region produces the most wind power? What region produces the least?

 c» What are the topographical features of areas with the highest and lowest wind capacity?

 d»  The US is expected to produce 20% of its energy needs from wind by 2030. What states have high wind speeds but 

 are not producing much wind power?

 e»  The states that have the highest wind speeds also have some of the lowest populations in the country and 

 therefore don’t need as much energy. How could wind energy power the most populous regions of the country?

 f»  How can states in the southern US increase their use of renewable energy?

aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES

page 2
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RENEWABLE ENERGY

5 »  If you have computer access, using the New York Small Wind Explorer (http://nyswe.awstruepower.com), select a 

 location on the New York State map where you think a wind turbine should be located, then generate a report for 

 that location.

 

 Answer the following questions based on the reports: 

 a»  What is the wind energy potential rating for the location you selected with a hub height of 80 ft?

 b»  What is the maximum amount of energy in kWh that could be produced at that location?

 c»  Looking at the Wind Rose, a tool used to graph wind speed and direction, from what direction(s) does the the 

 strongest winds blow? (The higher the wind speed, the more the colored spokes of the wind rose extend outside the 

 center of the circle. The direction each spoke extends is the direction from which the wind is blowing. For instance, 

 if the longest spoke extends towards the Northwest, then you would say the wind is blowing from the Northwest.)

 d»  The results given in the report are for small scale wind turbines. Let’s find out how much energy a large, utility-scale 

 wind turbine would produce at this location. Using the windspeed at a hub height of 120 feet, found in the report, 

 calculate the expected energy to be generated from a turbine with a 100 ft rotor diameter. 

 (Formula: Power (Watts) = ½ρAV3 where ρ = air density; 1.293 kg/m3 at standard temperature and pressure, 

 V = velocity in m/s, A = swept area (πr2); r = radius (½ diameter); π = 3.1416)

 i»  Start by converting the wind speed from mph to m/s. First convert miles to meters (1 mile = 1,609.344 meters): 

 multiply mph by 1,609.433 to get meters per hour. Next convert from hours to seconds (1 hour = 3,600 seconds): divide 

 meters per hour by 3,600 to get meters per second.

 i i»  Next convert the rotor diameter from feet to meters and find the radius. (1 foot = 0.3048 meters). Multiply the 

 diameter in feet by 0.3048 to get the diameter in meters. The radius is half the diameter. Divide the diameter by 2 to 

 get the radius. 

 i i i»  To find A, the swept area of the rotor, square the radius and multiply by pi (3.1416)

 iv»  Now put these numbers into the formula Power = ½ρAV3 to find how many watts of electricity the turbine 

 will produce.

aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES

page 3

http://nyswe.awstruepower.com
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RENEWABLE ENERGY
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RENEWABLE ENERGY
aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES
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RENEWABLE ENERGY
aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES
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RENEWABLE ENERGY
aCTIVITy 3b: loCaTIng SITES FoR wInd TuRbInES
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RENEWABLE ENERGY
aCTIVITy 3C: wInd TuRbInE bladES

Students will design blades for a mini wind turbine and test electrical output and efficiency.

location: Classroom

Time: 1–2 hours

Materials: 

»  KidWind turbine kit

»  Blade making materials (cardboard, plastic, rigid paper, 

recycled materials)

»  Strong tape

»  Multimeter

»  Calculator

»  Hair dryer or box fan if testing turbines indoors

»  Anemometer if doing step 4

prep: Cut blade making materials into smaller sized rect-

angles (8” x 6”)

Instructions:

1»  Pass out copies of Tips on Making Blades from the Kid-

Wind instruction manual and read out loud or in groups. 

2»  Pass wooden dowels out to each group, allowing them 

to choose how many blades they would like to have on their 

turbine’s rotor. Pass out materials for blades and tape to 

adhere the blade to the dowel. Make sure that enough of the 

dowel is left sticking out of the blade so it can connect to the 

rotor hub.

3»  Give students 20–30 minutes design and build their 

blades. If you have enough hubs for each group they can 

attach the blades to the hubs as well, allowing them to angle 

the blades. Factors to consider in the design of the blades 

are: length of blades, number of blades, angle of blades, and 

shape of blades. 

4»  Before students test their turbines they will first calculate 

how many watts they expect to produce using the following 

formula: Power (Watts) = ½ ρAV3 where ρ = air density; 1.293 

kg/m3 at standard temperature and pressure, V = velocity in 

m/s, A = swept area of blades (πr2): r = radius (½ diameter); 

π = 3.1416). Use an anemometer to record the wind speed 

outside or from the device you will be using to generate wind.

(Conversions: 1 inch = 0.0254 meters; 1 mile = 1,609.344 

meters; 1 hour = 3,600 seconds). 

5»  Students will come up one group at a time to test their 

designs. Attach the blades to the hub and set them at the de-

sired angle, then attach the hub to the nacelle of the turbine. 

Apply wind source or test outside in the wind and record the 

data in both Volts and Amperes. 

6»  Calculate watts by multiplying volts and amps.

7»  Compare your the results from your test to what you cal-

culated in step 4. The difference between these two numbers 

represents the efficiency of your turbine. Strategize how you 

could increase the efficiency of your design and if you have 

time, make any necessary changes and test the improved 

design to see if you increased the amount of watts generated. 

8»  Questions for discussion:

a»  Describe the design that produced the highest num-

ber of watts in the class. Why do you think this design 

worked so well?

b»  What can be done to reduce the amount of drag on 

the blades?

c»  What would you do (did you do) to change your 

design to make it more efficient? Explain why you made 

those changes.

d»  What material do you think would be best for mak-

ing turbine blades? Why?

e»  In what places would small scale / micro-turbines be 

most effective? Why?

For extension activities, visit this website: 

http://teachers.egfi-k12.org/lesson-wind-power/

http://teachers.egfi-k12.org/lesson-wind-power/
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Lesson Four explores the operations and implications of the use of biomass as an energy source. Students 

will experiment with a variety of biomass applications currently in use. Through a research project, stu-

dents will understand the benefits and challenges associated with the various applications of biomass. 

wHaT doES bIoMaSS HaVE To do wITH EnERgy?

Put simply, biomass is organic matter from living or recently living organisms that is used 

as an energy source. The term biomass covers a broad spectrum of resources and uses – 

such as wood, certain agricultural crops, methane from sludge digestion, and landfill gas. 

Biomass may be used to generate electricity, steam, heat and fuel products that are other-

wise derived from fossil fuels.

Biomass comprises approximately 4% of the energy produced in the United States and 

recently replaced hydropower as the largest domestic source of renewable energy. The larg-

est sources of biomass used to generate electricity are wood waste and landfills. The New 

Hope Power Partnership in South Bay, Florida is currently the largest biomass power plant 

in North America. With a capacity of 140 MW, it powers over 60,000 homes using sugar 

cane fiber and recycled wood products as fuel.

Here are a few major sources of biomass energy:

Wood: Wood is the single largest form of biomass energy consumed today. Wood has been 

used for thousands of years as a direct fuel source. Today, waste byproducts from wood-

related manufacturing processes (i.e. waste from paper mills and lumber mills) comprise 

the largest portion of wood-derived energy. 

Landfill Gases: Paper waste, yard trimmings, food scraps and other matter in landfills 

decay in anaerobic conditions producing methane. Using a series of wells and blowers, the 

methane can be recovered and used either as a heating fuel or to generate electricity.

Agricultural Residues: Animal waste, straw, rice hulls and other discarded crop materi-

als may be used as fuel sources.

High Yield Energy Crops: Plants are grown specifically to be used as biomass fuel sourc-

es. Generally, these crops are inexpensive, require little maintenance and have high yields. 

Energy crops can vary depending on region and climate, but willow, poplar and elephant 

grass are common energy crops in the United States. Genetically-modified plants are often 

used in producing high-yield biomass crops. Energy-dense aquatic plants such as algae are 

used to create biofuels, primarily used for transportation. 

LESSON 4:
Biomass

lesson Vocabulary

 » Agricultural Residues

 » Anaerobic Digestion 

 » Biodigesters

 » Biomass

 » Direct Combustion Boiler 

 » Gasification

 » High Yield Energy Crops

 » Landfill Gases

 » Methane

 » Syngas

 » Waste-to-Energy

Take a look at this factsheet on biomass 
energy and agriculture:

»   http://www.ucsusa.org/assets/
documents/clean_energy/agfs_
biomass_2003.pdf

http://www.ucsusa.org/assets/documents/clean_energy/agfs_biomass_2003.pdf
http://www.ucsusa.org/assets/documents/clean_energy/agfs_biomass_2003.pdf
http://www.ucsusa.org/assets/documents/clean_energy/agfs_biomass_2003.pdf
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bIoEnERgy: RECoVERIng EnERgy FRoM bIoMaSS

Direct Combustion Boiler and steam turbines: Electricity generated from combust-

ing biomass uses essentially the same method and equipment as a coal-fired power plant. 

The biomass is burned to heat water, creating steam to turn a turbine, which then turns 

a generator that produces electricity. In a co-firing power plant, a portion of fossil fuel is 

replaced with biomass. This significantly reduces emissions, particularly sulfur dioxide. 

There are several considerations to co-firing such as the prices of fuel, the costs of retrofit-

ting power plant machinery to accept biomass fuels and potential losses in power plant 

efficiency. Waste-to-energy plants burn municipal waste to generate electricity. There are 

currently 90 waste-to-energy plants in the United States.

Gasification: The conversion of solid biomass into a usable energy fuel by heating a mate-

rial without allow it to combust. The resulting gas is called syngas and is primarily com-

posed of hydrogen and carbon monoxide. It can be burned like natural gas in a turbine and 

is a building block of many chemicals and

synthetic fuels.

Anaerobic Digestion: In the process of anaero-

bic digestion, microorganisms break down plant 

and animal matter in the absence of oxygen, 

releasing energy in the form of carbon dioxide 

and methane. In controlled environments such as 

digesters in sewage treatment plants (STPs) and in 

the processing of animal manure, temperatures 

are managed to encourage growth of bacteria and 

speed decomposition. At municipal landfills and 

STPs, methane builds up as solid waste and sludge 

decompose. These facilities typically release the 

potent greenhouse gas, or use flares to burn it off. 

A number of landfills and STPs, however, are now 

recovering the methane and using it to gener-

ate heat. The methane is captured, minimally 

treated, and then injected into a nearby gas line distribution system. In this way, methane 

recovery can reduce the energy footprint of a facility while lowering it’s methane emis-

sions and replacing fossil fuels. In developing countries, small-scale anaerobic digesters are 

used in developing countries to create a source of cooking fuel and heat. 

In May of 2012, New York State’s largest on-farm biogas-to-energy project and first on-farm 

facility specifically designed for “co-digestion” opened in upstate New York. This plant 

recycles both food and animal waste, producing up to 1.4 MW of renewable electricity, 

enough to power 1,000 homes. 

To find out more about co-firing, look at 
this infosheet:

»   http://www.nrel.gov/docs/
fy00osti/28009.pdf

image: wabag.com

A Water Treatment 
Plant and its Unique 

Egg-Shaped Digesters

Take a look at the case study on anaerobic 
digestion at Synergy Biogas:

»   http://www.manuremanagement.
cornell.edu/Pages/General_Docs/Case_
Studies/Synergy%20Case%20Study%20
v3.22.12.pdf

To view a video and find out more about 
the digester in Brooklyn, visit these 
websites:

»   http://vimeo.com/focusforwardfilms/
films
»   http://www.greenpointep.com/
»   http://www.nyc.gov/depv3.22.12.pdf

http://www.nrel.gov/docs/fy00osti/28009.pdf
http://www.nrel.gov/docs/fy00osti/28009.pdf
http://www.manuremanagement.cornell.edu/Pages/General_Docs/Case_Studies/Synergy%20Case%20Study%20v3.22.12.pdf
http://www.manuremanagement.cornell.edu/Pages/General_Docs/Case_Studies/Synergy%20Case%20Study%20v3.22.12.pdf
http://www.manuremanagement.cornell.edu/Pages/General_Docs/Case_Studies/Synergy%20Case%20Study%20v3.22.12.pdf
http://www.manuremanagement.cornell.edu/Pages/General_Docs/Case_Studies/Synergy%20Case%20Study%20v3.22.12.pdf
http://vimeo.com/focusforwardfilms/films
http://vimeo.com/focusforwardfilms/films
http://www.greenpointep.com/
http://www.nyc.gov/depv3.22.12.pdf
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Similar technology is use in Brooklyn, New York at the Newtown Creek Wastewater Treatment 

Plant. The methane produced in the anaerobic sludge digesters at this STP produces enough 

renewable biogas to heat 2,500 homes. In Connecticut, a 2 megawatt facility is currently in the 

planning stages, which will use recovered methane from municipal waste to produce electric-

ity and as an additional by-product, will create 15,000 tons of organic compost each year. 

CHallEngES and oppoRTunITIES FoR wIdER uSE oF bIoMaSS

Why isn’t biomass in greater use? There are a few challenges to implementing biomass 

as a large-scale source of generating energy. Biomass covers a wide variety of sources and 

production technologies, each with its own set of environmental issues, but as a whole, 

biomass raises more environmental concerns than any other renewable energy resource, 

except hydropower. 

The burning of biomass for electricity generation produces air pollutants, such as ozone-

forming carbon monoxide, VOCs, nitrogen oxides and particulate matter among others. In 

general, however, it does not release large amounts of sulfur dioxide or toxic metals.

Although the burning of biomass releases roughly the same amount of carbon dioxide 

as the burning of fossil fuels, most biomass sources are produced in a relatively short 

period of time and their carbon dioxide is thus, still considered to be an active part of 

the carbon cycle. When grown sustainably, biomass sequesters carbon dioxide, using it 

for photosynthetic processes, but the inputs required for production and transportation 

of some agricultural biomass products can give them a larger carbon footprint than that 

of fossil fuels.

Proponents of biomass argue that it is not only a source of renewable energy but can also 

be an important part of waste management infrastructure as well as reducing dependence 

on fossil fuels.

The following is a list of other factors affecting the use and application of biomass:

»  Stability and availability of resources: What types of biomass resources are locally 

available and what are the associated costs of generating the resource? Is it produced in a 

sustainable manner?

»  Regional land-use: Will the land used to produce biomass compete with other uses 

such as growing food?

»  Harvesting practices: How are the resources harvested? This can range from methane 

recovery systems to how a forest is managed. Does harvesting require a large amount of 

inputs/resources?

»  End use: Is it used to make transportation fuel or for electricity?

»  Costs: Is it cost competitive with fossil fuels?

»  Pollutants: Some sources of biomass may contain chlorine, toxic metals or other air 

pollutants that are released when biomass is burned. 

»  Energy density: Variations in energy densities of biomass fuel sources.
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While biomass has complex issues associated with its use, it is important to keep in mind 

that this is a broad term that refers to many forms of energy. Some biomass sources are 

quite advantageous as a source of renewable energy and have far fewer challenges associ-

ated with their use. Here are a few examples of more sustainable biomass applications.

»  Energy crops that do not compete with food crops.

»  Agricultural crop residues like wheat straw or rice hulls.

»  Sustainably harvested wood and wood byproducts.

»  Recovered methane from landfills and STPs.
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RENEWABLE ENERGY

location: Laboratory with vent or outdoors

Time: 40–60 minutes

Materials: Student selected feedstock sources: corn, different 

types of nuts, sticks, and plant material work the best but 

they must be completely dry!

»  A ventilated hood if performing the activity indoors

»  Basic chemistry equipment to conduct the experiment. 

Students will heat up a small amount of water (4 oz) by burn-

ing feedstock sources beneath the container. 

»  Cork and needle for mounting feedstock

»  Scale 

»  Thermometer  

»  Copies of Billion Ton Study (10 minute version)

prep: Gather materials.

Instructions:

1»  Students should read the Billion Ton Study, before the activ-

ity. Ask students for comments and reactions to the article.

2»  Next, ask students to show the feedstock samples they 

brought to class.

3»  Choose 2–6 appropriate examples for the burning experi-

ment and assign each one to a group of students.

4»  Remind students about fire safety precautions.

5»  Experiment:

a»  Record the weight of the feedstock.

b»  Mount the feedstock on cork and needle.

c»  Measure 4 oz. of water into a beaker and measure the 

water temperature. 

d»  Record the water’s starting temperature. 

e»  Place the feedstock under the beaker.

f»  Light the feedstock with a match or lighter. 

g»  Allow the feedstock to burn for several minutes or 

until it goes out.

h»  Record the temperature again.

i»  Calculate feedstock energy in British Thermal Units. 

This is only an approximate figure because of incomplete 

combustion.

6»  Have each group complete the worksheet. 

aCTIVITy 4a: youR bIoMaSS FEEdSToCk

Students will be introduced to the Billion Ton Study and bring in their own sources of feedstock. They will conduct a short ex-

periment to produce heat energy from their feedstock and make a report about the energy potential. They will then be asked 

to predict the consequences of producing one billion tons of biomass feedstock in the United States. 
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RENEWABLE ENERGY
aCTIVITy 4a: youR bIoMaSS FEEdSToCk

page 1   naME:

billion Ton Study

We often take advantage of the chemical energy stored in biological material as a fuel source. These are called “biofuels,” and 

they are typically processed using feedstock from a biomass source, such as corn, sugar cane, or woody shrubs.

Biomass feedstocks are produced from a variety of agricultural and forest resources. They also include secondary and tertiary 

sources, like manure and landfill gases from municipal solid waste operations. The wide range of resources that can be used to 

produce biofuel make it a renewable resource capable of meeting a larger share of our energy needs. Biomass supplies over 3% 

of the energy consumption in the United States and recently replaced hydropower as the largest domestic source of renewable 

energy. Despite this, what chance does biomass have to replace our growing fossil fuel consumption? 

A recent study assesses the feasibility of replacing 30% of the United States petroleum consumption purely with biomass en-

ergy sources. The study calculates one (1) billion dry tons of biomass feedstock would be needed per year. The study “Biomass 

as Feedstock for a Bioenergy and Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply,” found more 

than enough potential in existing feedstock production from agricultural (998 million dry tons) and forest (368 million dry tons) 

resources by implementing “relatively modest” changes in land use practices. 

However, generating large amounts of biomass for fuel production can change more than land use practices. The shift would 

affect food and lumber markets and require large-scale bioenergy and biorefinery networks to make efficient use of the 

increased production. Consider how biomass is produced on a very basic level (combining carbon dioxide and water through 

photosynthesis) and how the increased production has the potential to affect the global environment. Read this article:

http://www.renewableenergyworld.com/rea/news/article/2011/08/billion-ton-biomass-study-a-10-minute-version

Trial 1 Trial 2 Trial 3

biomass

weight of biomass (g)

Volume of water (ml)

pre burning water Temp (C°)

post burning water Temp (C°)

Change in water Temp (C°)

http://www.renewableenergyworld.com/rea/news/article/2011/08/billion-ton-biomass-study-a-10-minute-version


5.99 Activities  »  Renewable Energy

RENEWABLE ENERGY
aCTIVITy 4a: youR bIoMaSS FEEdSToCk

page 2

1 »  Calculate the calories of thermal energy transferred from the feedstock to the water.

 Calories = Volume of Water (mL)  x  Change in Temperature (C°)

2 »  Convert the calories into British Thermal Units (BTUs)

 252 Calories = 1 British Thermal Unit

3 »  Explain how the energy was transferred in this experiment.

4 »  How did the amount of calories transferred change in the different samples?  List all the reasons why this might be.

5 »  Do you think one biomass is more efficient than others? Why?
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RENEWABLE ENERGY

6 »  Explain how corn feedstock is produced. List the inputs and outputs from the production process as well as any 

 by-products.

7 »  Describe how corn feedstock is distributed. Where is the feedstock located? Can it be grown everywhere?

8 »  Challenge: Research how corn feedstock impacts the global environment based on the categories below:

 a»  EROI (Energy Return On Investment)

 b»  Does it have a high energy yield?

 c»  How would significant production of corn feedstock affect the environment? The economy?

aCTIVITy 4a: youR bIoMaSS FEEdSToCk

page 3
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RENEWABLE ENERGY

location: Classroom

Time: One class period

Materials: Calculator, Worksheets

Instructions: 

1»  Have student work in groups of 2–3 and give each group a 

worksheet.

2»  On the worksheet, have each group calculate the po-

tential for growing ethanol with the given parameters and 

answer the questions that follow.

3»  After groups have completed worksheets, lead a class 

discussion about their findings and the implications of using 

arable farmland to produce fuel.

aCTIVITy 4b: CoMpaRISon oF ETHanol FEEdSToCkS
Student will research different ethanol feedstocks and compare the inputs and yields of each.
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RENEWABLE ENERGY

growing Ethanol!

Congrats, you have been handed the keys to a farm. It is a 400 acre property in upstate New York (avg U.S. farm size). Due to 

the green revolution, you have decided to add your farm into the mix and grow one type of energy crop. Below, calculate your 

farm’s potential ethanol yield for each of the possible crops you would grow (1 year’s yield).

Corn Ethanol

Growth time: 1 year

Yield per acre: 123 bushels/acre

Ethanol Yield: 2.5 gallons EtOH/ bushel

Ethanol Yield: ______________________ gal EtOH/ year

Forest Hemicellulosic Ethanol

Growth time: 20 year

Yield per acre: 52.7 ODT /acre (ODT = Oven Dried Tons)

Ethanol Yield: 7.5 gallons EtOH/ ODT

Ethanol Yield: ______________________ gal EtOH/ year

willow Hemicellulosic Ethanol

Growth time: 3 year

Yield per acre: 12 ODT /acre   

Ethanol Yield: 7.5 gallons EtOH/ ODT

Ethanol Yield: ______________________ gal EtOH/ year

aCTIVITy 4b: CoMpaRISon oF ETHanol FEEdSToCkS

page 1   naME:
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RENEWABLE ENERGY

willow Cellulosic Ethanol

Growth time: 3 year

Yield per acre: 12 ODT /acre   

Ethanol Yield: 100 gallons EtOH/ ODT

Ethanol Yield: ______________________ gal EtOH/ year

»  Given your calculations, which feedstock would provide the best yield?

»  Challenge: Research this feedstock. 

 »  List 3 benefits of using this type of energy crop for ethanol.

 »  List 3 challenges to expanding the use of this feedstock for ethanol.

aCTIVITy 4b: CoMpaRISon oF ETHanol FEEdSToCkS

page 2
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RENEWABLE ENERGY

location: Laboratory with vent/Outdoors

Time: 

40–60 minutes for experiment, several hours for bio diesel to 

settle and be ready for use. 

Materials:

»  1 liter of (used)vegetable oil (e.g, canola oil, corn oil, soy-

bean oil)

»  3.5 grams (0.12 oz.) sodium hydroxide (lye)

»  200 milliliters (6.8 fl. oz.) of methanol. 

»  Blender with a low speed option and a glass pitcher. 

»  Digital scale 

»  Glass container marked for 200 milliliters (6.8 fl. oz.). 

»  Glass or plastic container that is marked for 1 liter (1.1 

quart)

»  Wide mouth glass or plastic container that will hold at 

least 1.5 liters

»  The experiment works best in a warm room (70°F) 

»  Safety glasses, gloves, apron. **(Very important: DO NOT 

get sodium hydroxide or methanol on skin.)

prep: This activity may be performed as a demonstration 

or in groups. Gather and prepare materials, prep one jar of 

biodiesel ahead of time to test the experiment. Save the jar 

for burning at the end of the class period while the new jar(s) 

made in class have time to separate. 

Instructions:

1»  Pour 200 ml methanol into the glass blender pitcher.

2»  Turn the blender on its lowest setting and slowly add 

3.5 g sodium hydroxide (lye). This reaction produces sodium 

methoxide, which must be used right away or it loses its ef-

fectiveness.

3»  Mix the methanol and sodium hydroxide until the so-

dium hydroxide has completely dissolved (about 2 minutes), 

then add 1 liter of vegetable oil to this mixture.

4»  Continue blending this mixture (on low speed) for 20–30 

minutes.

5»  Pour the mixture into a wide-mouth jar. You will see the 

liquid start to separate out into layers. The bottom layer will 

be glycerin. The top layer is the biodiesel.

6»  Allow at least a couple of hours for the mixture to fully 

separate. Remove the top layer with a baster and store bio-

diesel in a separate jar.

7»  To demonstrate the fuel, you may use a hurricane lamp or 

any lantern with a wick, and light the wick to show students 

that they have created a combustible fuel. 

aCTIVITy 4C: CREaTIng bIoFuEl

Students will create biofuel with used vegetable oil. 
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GLOSSARY - RENEWABLES

agricultural residues: Discarded crop or farm 

materials such as animal waste, husks, roots, seeds, 

stems, etc. Uses for these residues can include 

fertilizer, soil augmentation and biomass fuel source 

among others.

airfoil: The shape of a wing or blade that is 

rounded on one side with the purpose of optimizing 

or generating lift while reducing drag.

amorphous: Refers to a type of solar cell in which 

a thin film of non-crystalline silicon is placed onto 

a wide variety of surfaces. Also called thin film, 

amorphous cells have a relatively low efficiency 

rate, but are inexpensive, can be placed on flexible 

surfaces and can generate energy from ambient 

light.

anemometer: An instrument used to measure 

wind speed in miles per hour (mph) or meters per 

second (m/s).

anaerobic digestion: The process by which 

microorganisms break down organic matter in the 

absence of oxygen. Anaerobic digestion releases heat 

and gases and can be used as a biomass fuel source.

band gap: In a semiconductor, a band gap is the 

minimum amount of energy required to move an 

electron from its bonded state to a free state. The 

electron moves to the next band of energy. 

biodigester: Small-scale method of using 

anaerobic digestion as a fuel source by capturing 

and combusting the methane it produces or as 

a method of treating human or animal waste. 

Biodigesters have a wide range of applications 

including treatment of animal waste and irrigation 

water for agricultural purposes and small-scale 

generation of heat and electricity.

biomass: Organic matter from living or recently 

living organisms that is used as a fuel source. 

Biomass is a general term that refers to a wide range 

of resources and techniques.

blades: Component of a wind turbine that captures 

wind energy, converting it to mechanical energy. 

The design of the blades is it important as it helps to 

determine the efficiency of the turbine.

concentrating solar power plant: Large-

scale use of solar thermal for electricity generation 

in which solar concentrators (usually mirrors or 

lenses) concentrate the sun, on a single point. The 

concentrated heat is used to generate electricity, by 

either igniting a heating element on an engine or by 

heating a synthetic fluid to drive a steam-powered 

turbine.

conductivity:  The ability of a material to move 

electric current.

diode: An electronic device made of a 

semiconductor material that allows electricity to 

flow in only one direction in a circuit.

direct combustion boiler: Direct combustion 

is the process of converting biomass into useful 

types of energy. Boilers increase the flexibility of 

biomass application, creating heat, hot water and 

steam from the combustion. Direct Combustion 

boilers are often used on the cogeneration of heat 

and electricity from biomass.

doping: The process of introducing impurities 

into a semiconductor to modify its electrical 

conductivity.

drag: A physical force that is created by the 

movement of a solid through a fluid. Also called air 

resistance, drag pushes against the solid object in 

the opposite direction the object’s movement. Drag 

is counters the force of lift. 

dye sensitized solar cells (dssc): A low cost 

semi-flexible solar cell in which a photosensitive dye 

generates the electrons, and an anode, an electrolyte 

and semiconductor material generate and conduct 

the electricity. The development of DSSCs were 

inspired by the photosynthetic processes of plants.

gasification: The process of converting biomass 

into a usable gas fuel by reacting the materials at 

high pressures and temperatures.

gearbox: This device converts the slow motion 

of the turbine into the fast rotation of the electric 

generator. 

generator: Electromagnetic device that converts 

mechanical energy to electrical energy. 

geothermal energy: Heat energy from beneath 

the Earth’s surface, created by the radioactive decay 

of minerals near the Earth’s core. Applications 

of geothermal include electricity generation and 

heating buildings.

high pressure: Areas of high pressure have 

higher air pressure than the surrounding areas; the 

density of air molecules is higher. High pressure 

areas usually have colder and drier air.

high yield energy crop: A crop grown 

specifically as a source of biomass. Desirable traits 

for energy crops include low cost, low maintenance, 

short growing period and high yields.

horizontal-axis wind turbine (hawt): A 

wind turbine which spins on an axis that is parallel 

to the ground. This design comprises the majority of 

commercial wind turbines.

hydroelectricity:  The production of electricity 

through the movement of falling or flowing water.

inverter: A device that converts direct current 

electricity into alternating current.

jet streams: Fast moving currents of air located 

on the edge of the troposphere, approximately 7-10 

miles above sea level. Jet streams travel at speeds 

over 100mph.

landfill gases: The microbial activity of 

decomposition of organic matter in a landfill 

produces a mixture of gases. Methane and carbon 

dioxide make up the largest percentage of landfill 

gases along with smaller amounts of toxic chemicals 

and other gases. 

lift: A physical force created by the movement of a 

solid through a fluid, in which lift is perpendicular 

to the oncoming movement. Pockets of low 

pressure, produced as the fluid moves over the 

solid object, pull the object in a direction that is 

perpendicular to the flow of fluid. The force of lift is 

counter to the force of drag.

low pressure: Areas of low pressure have lower 

air pressure than the surrounding areas; the density 

of air molecules is lower. Low pressures areas 

usually have warmer and wetter air.

methane: An abundantly available organic 

compound that is in gas form under normal 

conditions. Methane is the primary component of 

natural gas and is produced in anaerobic digestion 

in landfills and waste treatment facilities. 

Captured methane can be used as a source of 

heat and electricity generation. It is also a potent 

greenhouse gas.
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GLOSSARY - RENEWABLES

monocrystalline: Refers to solar cells that are 

cut from a single crystal of silicone. Monocrystalline 

solar cells are the most efficient commercially-

available cells (18%-22%), but are expensive and 

rigidity limits placement of modules.

multi-junction solar cells (mj): Solar cells that 

have multiple layers on semiconductor materials, 

and thus multiple junctions, to capture different 

wavelengths of light. MJ Solar Cells are expensive 

but have achieved efficiencies of up to 40%.

n-type: Silicon that is doped with excess negatively 

charged electrons. Short for negative-type.

nacelle: A covering on a wind turbine that houses 

the generator.

net metering: Electric policy in which owners 

of grid-tied renewable energy systems pay only 

for their net usage. This means that during times 

when their systems are producing excess energy, 

the excess is sent onto the grid for use by other 

customers. During times when the renewable 

system is producing little or no energy, the owner 

draws electricity from the grid. A bi-directional 

meter gauges energy in and energy out.

ocean energy system: Sources of energy derived 

from ocean activity such as tides, waves and current. 

Also referred to as marine energy. 

p-type: Silicon that is doped with excess positively 

charged electron “holes”. Short for positive-type.

peak sun hours (psh): The number of hours in 

a day at a given location that the solar insolation 

averages 1kW per square meter. A peak sun hour 

equals 1,000 Watts per square meter for one hour. 

photon: A high energy particle of light.

photoelectric effect: Phenomenon in 

which charged particles are released from a 

material, usually metal, due to the absorption of 

electromagnetic radiation.

photovoltaic (pv): Method of collecting solar 

radiation using semiconductors that convert 

sunlight into electricity.

polycrystalline: Refers to solar cells that are 

cur from a block composed of numerous cells. 

While less expensive than monocrystalline cells, the 

efficiency of polycrystalline is lower, ranging from 

15%–16%.

prevailing winds: Higher elevation winds that 

blow from one general direction with relative 

consistency.

solar cell: Converts sunlight into electricity 

through the photoelectric effect. Solar cells are 

usually made of silicon and are the building blocks 

of solar panels. Cells are wired together in strings 

and the strings are then wired together, forming a 

solar module.

solar insolation/solar irradiation: The 

amount of solar radiation (sunlight) that is incident 

on a surface at a particular time.

solar thermal: A method of collecting solar 

energy in which the sun’s heat is captured by solar 

collectors. Applications of thermal energy can range 

from residential heating and hot water purposes to 

large-scale electricity generation.

syngas: The name for gases produced by such 

processes such as waste-to-energy and biomass 

gasification. Short for “synthetic natural gas”, syngas 

contains varying amounts of carbon monoxide and 

hydrogen.

tidal power: A form of generating electricity by 

capturing the predictable ebb and flow of tides with 

a turbine.

turbulence: Irregular and unpredictable air flow.

valence: The outer electron shell of an atom.

vertical-axis wind turbine (vawt): Wind 

turbines that spin on an axis that is perpendicular to 

the ground. VAWTS operate at lower speeds and are 

well suited to small-scale applications.

waste-to-energy (wte): Waste plants or facilities 

that burn waste to create electricity or usable heat.

wind turbine: Electromagnetic generator that 

converts the kinetic energy of wind into electricity

wind farm: Group of wind turbines installed in 

the same area. Wind farms can range from a few 

turbines to several hundred. They may be located on 

land or off shore.


