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The following material should also be reviewed before the day of the workshop. These resources will provide 

essential details about how solar, wind, and geothermal technologies work. Teachers, please ensure that 

students practice using the Picatinny Renewable Energy Practice Calculator Spreadsheet:

Picatinny Renewable Energy Practice Calculator Spreadsheet

Teachers may provide instructions about when the readings are due as well as quiz students on the material 

(page 6)

Picatinny Renewable Energy Practice Calculator Spreadsheet
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REQUIRED READING/PRE-WORK 
PRIOR TO THE WORKSHOP

SOLAR PHOTOVOLTAIC ENERGY

Solar energy is probably the most familiar form of renewable energy, but its advantages over fossil fuels are not 

always fully appreciated. In fact, fossil fuels themselves are actually forms of stored solar energy, and are 

derived from decomposed organisms and vegetation laid down over millions of years and subject to enormous 

pressures in the absence of oxidizing gases. Fossil fuels are a highly concentrated energy source comprised 

primarily of hydrocarbons. Releasing their energy requires combustion, which produces heat, but also a 

substantial amount of CO2 and other greenhouse gases, as well as pollution.

Photovoltaics cells, by contrast, convert photons directly into electricity, with no release of greenhouse gases 

(other than those that went into their manufacture) or air pollutants. The photoelectric effect was discovered by 

Heinrich Hertz in 1887, and further explained by Albert Einstein in 1905, but was not effectively 

commercialized until the 1950s when NJ’s Bell Labs developed the first working solar cells for use in space 

vehicles.

Solar radiation energy provides humankind with 10,000 times more energy than is actually used worldwide.

(Source: http://presscore.ca/free-unlimited-pure-energy-to-power-the-world-for-another-4-billion-years).

The sun generates an enormous amount of energy – approximately 3.86×10 26 watts of power every second. 

More sunlight energy strikes the Earth in one hour than all the energy consumed on the planet in a year.

https://docs.google.com/spreadsheets/d/19aBGooC2F2V5LRQVWUTQqtr0kcIHB-w6Aru6qv90WYQ/edit?usp=sharing
https://docs.google.com/spreadsheets/d/19aBGooC2F2V5LRQVWUTQqtr0kcIHB-w6Aru6qv90WYQ/edit?usp=sharing
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The amount of solar radiation reaching the earth’s surface varies greatly in response to changing atmospheric 

conditions and the changing position of the Earth relative to the sun, both during the day and throughout the 

year. For any given location, the solar radiation reaching the earth’s surface decreases with increasing cloud 

cover. Thus, regions of the nation with cloudy climates receive less solar radiation than the cloud-free desert 

climates.

The amount of electricity a solar array will generate varies not only by its geographic location, but by the angle 

and orientation of the panels toward the sun. In the US, panels that face south at an optimal angle to the 

average relative position of the sun (usually about a 34-degree angle) will generate the most electricity.

The costs associated with solar arrays are primarily those of installation. In addition to the PV panels, solar 

systems include mounting structures, interverters, which convert the emerging direct current (DC) to alternating 

current (AC), and often a battery for energy storage. Fortunately, the cost of solar photovoltaic panels has fallen 

during the last decade. At the same time, PV efficiency has been improving.

A variety of incentives are currently offered by state and federal governments to promote residential and 

commercial solar energy systems and to help offset the upfront installation costs. For example, New Jersey was 

the first state to offer a Solar Renewable Energy Certificate (SREC) program. Solar installation owners receive 1 

SREC for every 1000 kWh of electricity generated by their system. The certificates can be purchased by 

electricity suppliers that don’t meet the requirements for New Jersey’s Solar Renewable Portfolio System (RPS), 

providing revenue to the original owner for the first 10-15 years of the project’s life. The SREC program along 

with the RPS mandate helped to make New Jersey one of the nation’s early forerunners of solar energy. Many 

federal and state incentive programs for solar and wind energy will expire within the next 2-3 years.

How do Solar Panels work? (Choose One)

(Center for Energy Education) https://center4ee.org/how-solar-energy-works/ 

(Scitoons) https://youtu.be/UJ8XW9AgUrw (5:14)

How Do Solar Panels Work, Physics of Solar Cells

(Science Asylum) https://www.youtube.com/watch?v=8RjGHmlOu58 (8:48)

Pre-work Question: Why might two solar arrays with the same number and type of solar panels, but placed 

at different locations, generate different amounts of electricity?
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WIND TURBINES

Wind Energy is actually a form of solar energy as well, since the atmospheric heating provided by the sun is 

largely responsible for the air flows we experience as wind.

Wind turbines operate on a simple principle. The energy in the wind turns two or three propeller-like blades 

around a rotor. The rotor is connected to the main shaft, which spins a generator to create electricity.

So how do wind turbines make electricity? Simply stated, a wind turbine works the opposite of a fan. Instead of 

using electricity to make wind, like a fan, wind turbines use wind to make electricity. The wind turns the blades, 

which spin a shaft, which connects to a generator and makes electricity.

The wind turbine blades sit atop a tower that is typically 80 meters or more in height, exposing them to wind 

speeds that are significantly higher than those at ground level. In the United States, wind speeds are highest in 

the Great Plains region and the off-shore coastal areas.

It’s important to take into account the “capacity factor, ” the amount of electricity that a wind turbine produces 

over an extended period (i.e. a year) relative to its maximum potential. This ratio reflects the fact that the wind 

isn’t blowing all the time and wind speeds vary by location. Turbines only work efficiently within a determined 

range of wind speeds.

Construction and transmission costs can vary considerably based on geographic location, ridge elevation and 

delivery distance. -- as of 2016, installation costs of US onshore wind turbines were about $1,530/kW in the 

Central States and about $2,025/kW in the rest of the United States, representing a significant decline from 

2010 levels. (source: https://www.eia.gov/todayinenergy/detail.php?id=36615)

The anticipated lifespan of a wind turbine is 20-25 years. As a growing number of wind turbines reach 

retirement age, there is growing awareness of the additional costs associated with their maintenance, 

repowering, and decommissioning.

Choosing the right site for a wind farm is critical and must consider the patterns of wind speed and direction 

and other meteorological variables over an extended period. In addition, the potential for adverse wildlife 

impacts must be assessed. Wind turbines can cause unintentional bird fatalities, particularly if they are located 

in major corridors for migratory birds, but cause only a fraction of the avian casualties resulting from glass 

windows and buildings, vehicles, electrical power lines, …and cats[JF1] . Bat fatalities are also a concern and it 

now appears that some bat species are drawn to wind turbines. The visual and noise impacts of the turbines are 

often important to the surrounding community and must also be factored into decision-making.

Source: [JF1]https://www.fws.gov/birds/bird-enthusiasts/threats-to-birds.php
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How does a Wind Turbine work?

Video: How do Wind Turbines work? (Learn Engineering) https://youtu.be/qSWm_nprfqE (5:28)

Pre-work Question: How does differences in location affect the amount of electricity generated by wind 

turbines of otherwise equal size and capacity?

GEOTHERMAL HEAT PUMP SYSTEMS

Geothermal heating and cooling takes advantage of the relatively constant temperature found a few feet below 

ground (which has actually been heated by the sun, not the Earth’s core), by using a heat pump to draw heat 

from the ground in the winter and eject it into the ground in the summer. While this does require electricity, it 

typically returns about 4-5 times as much heating and cooling as conventional Heating, Ventilation & Air 

Conditioning (HVAC) systems, thereby saving significant amounts of energy use in the facility. [Note: 

geothermal heat pumps should not be confused with “geothermal energy,” which uses the Earth’s interior heat 

to generate electricity, typically using hot springs or steam vents that are driven by heat from the Earth’s core].

Geothermal heat pumps, as well as all other types of heat pumps, have efficiencies rated according to their 

coefficient of performance, or COP. It’s a scientific way of determining how much energy the system moves 

versus how much it uses. Most geothermal heat pump systems have COPs of 3.0 to 5.0. This means for every 

unit of energy used to power the system, three to five units are generated by the system as heat. 

Geothermal systems require little maintenance. When installed properly, which is critical, the buried loop can 

last for generations. The unit’s fan, compressor, and pump are housed indoors, protected from the harsh 

weather conditions, so they tend to last for many years, often decades. Usually, periodic checks and filter 

changes and annual coil cleaning are the only required maintenance.

How does a Geothermal Heat Pump work?

Energy 101: Geothermal Heat Pumps https://youtu.be/y_ZGBhy48YI (2:31)

https://www.energy.gov/energysaver/heat-and-cool/heat-pump-systems/geothermal-heat-pumps

Pre-work Question: If geothermal heat-pump systems do not actually generate electricity, how can they 

reduce the amount of energy that a facility uses?
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OPTIONAL PRE-WORK RESOURCES
Are You Energy Literate? Take the Quiz and find out.

https://cleanet.org/clean/literacy/energyquiz.html

Are You Climate Literate? Take the Quiz and find out.

https://cleanet.org/clean/literacy/climate/quiz.html

Exploring Your Local Energy Infrastructure

Ÿ U.S. Energy Mapping Systems [JF1]

 ◦   Interactive map of US Energy Infrastructure, that offers numerous layering options, allowing you to 

look across the nation as a whole or zoom in a specific location.

Ÿ US of Energy 2.0

 ◦   Interactive map highlights regional variations in energy resources and profiles

Climate Change

Ÿ NASA’s Earth Minute: Earth Has a Fever (1:40)

Ÿ NASA’s Earth Minute: Gas Problem (1:43)

Ÿ Animated World Map of CO2 Emissions from Fossil Fuels_1871 to 2007 (0:51) 

Ÿ Carbon Clock

[JF1] Strongly suggest having students reference this during the workshop to inform their Picatinny Arsenal 

mapping activity

US of Energy 2.0

Earth Has a Fever

Gas Problem

Quiz

Quiz

Animated World Map of CO2 Emissions from Fossil Fuels_1871 to 2007

Carbon Clock

http://usofenergy.com/overview/
http://usofenergy.com/overview/
https://www.youtube.com/watch?v=K9kga9c0u2I&list=PL9TFrgFq75552g7qVa-iTOeuo7Fy11o5f&index=4
https://www.youtube.com/watch?v=K9kga9c0u2I&list=PL9TFrgFq75552g7qVa-iTOeuo7Fy11o5f&index=4
https://www.youtube.com/watch?v=K9kga9c0u2I&list=PL9TFrgFq75552g7qVa-iTOeuo7Fy11o5f&index=4
https://www.youtube.com/watch?v=K9kga9c0u2I&list=PL9TFrgFq75552g7qVa-iTOeuo7Fy11o5f&index=4
https://cleanet.org/clean/literacy/energyquiz.html
https://cleanet.org/clean/literacy/energyquiz.html
https://cleanet.org/clean/literacy/climate/quiz.html
https://cleanet.org/clean/literacy/climate/quiz.html
https://www.youtube.com/watch?v=PbcM86ElGSQ
https://www.youtube.com/watch?v=PbcM86ElGSQ
https://www.bloomberg.com/graphics/carbon-clock/
https://www.bloomberg.com/graphics/carbon-clock/
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Additional thanks to Possible Planet ©, Clean Energy & Sustainability Analytics 

Center at Montclair State University, United States Army Combat Capabilities 

Development Command Armaments Center, Picatinny Arsenal, Covanta, SGAP 

Leaders staff, and subject matter experts.

All Right Reserved. © All content contained in this case study and accompanying 

documents (Appendices, Teacher Guide, Facilitator Guide, Subject Matter Expert 

Guide and Pre-Workshop Assignments) are protected by international copyright 

laws. No duplication or use of this case study and accompanying documents is 

permitted without the written approval of SGAP Leaders.



CONTACT US

SGAP LEADERS

Non-profit Incubator

15800 Crabbs Branch Way, Unit 300

Rockville, MD 20855, USA

Phone: 862-242-0226

Through active problem-solving, 12-18 age students learn to 

think critically around real issues that affect real lives, and develop 

leadership skills; through this process, they gain a voice and feel 

empowered. In turn, SGAP Leaders position them for post-high 

school success, primed as visionaries and agents for change in 

their communities and, in turn, the world.

mj@sgapleaders.org

www.sgapleaders.org

SGAP Leaders

@sgap2009
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