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SUSTAINABLE ENERGY 
Helpful Hints:  

This study guide will focus on sustainable or renewable energy practices. The Eco-Meet test 

may consist of multiple choice, true/false, fill in the blank, matching, identification, label a 

diagram, or short answer. Pay close attention to words in bold, diagrams, charts, and 

identification. Questions come directly from the study guide.  

 

Fossil Energy Vs.  Sustainable Energy: 

Primary energy sources take many forms, including non-renewable energy like nuclear 

energy and fossil energy (oil, coal, and natural gas) and renewable sources (wind, solar, 

geothermal, hydropower, tidal and biomass). These primary sources are converted to 

electricity, a secondary energy source, which flows through power lines and other 

transmissions to your home and business.  

 

Fossil energy or fossil fuels, including oil, coal and natural gas, are non-renewable 

resources, meaning once we burn up or use these resources (oil, coil, natural gas), they are 

gone forever. Fossil fuels were formed when prehistoric plants and animals died and were 

gradually buried by layers of rock. Over millions of years, different types of fossil fuels 

formed (oil, coal, or natural gas). The type of fossil fuel depends on a combination of factors, 

including: what organic matter was present, how long it was buried, temperature, and what 

pressure conditions existed as time passed. [Refer to the cartoon diagram below on how 

fossil fuels are formed] 
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The practice of using energy in a way that "meets the needs of the present without 

compromising the ability of future generations to meet their own needs,” is known as 

sustainable energy, renewable energy, or clean energy. Renewable energy uses energy 

sources that cannot be "used up". For example, solar power from the sun is renewable as 

we won't "use up" all the sunlight from the sun.  

 

In any discussion about climate change, renewable energy usually tops the list of changes 

the world can implement to stave off the worst effects of rising temperatures. That's 

because renewable energy sources such as solar and wind don't emit carbon dioxide and 

other greenhouse gases that contribute to climate change. These greenhouse gases trap 

heat in the atmosphere that would otherwise escape into space, causing average 

temperatures on the surface to rise. This concept is known as global warming. Global 

warming is one symptom of climate change, the term scientists now prefer to describe the 

complex shifts affecting our planet’s weather and climate systems. Climate change 

encompasses not only rising average temperatures but also extreme weather events, 

shifting wildlife populations and habitats, rising seas, and a range of other impacts. 

 

Wind Energy: 

Winds are caused by the uneven heating of the atmosphere 

by the sun, the irregularities of the earth's surface, and 

rotation of the earth. Wind flow is modified by the earth's 

terrain, bodies of water, and vegetative cover.  Human 

civilizations have harnessed wind power for thousands of 

years. Windmills do spin and are similar to turbines, but they use wind to crush grain or 

pump water from the ground. Modern wind turbines can have 8,000 different working parts 

and use wind to create electricity. Wind turbines convert the kinetic energy in wind into 

mechanical power. Kinetic energy is energy in motion or the energy of a moving object, in 

this case wind. Wind turbines are placed in areas with higher wind speeds, at least 15 mph or 

more. The higher the altitude, the stronger the winds; therefore, a taller wind turbine can 

capture more energy. The top five wind energy states are: Texas, Iowa, California, 

Oklahoma, and Kansas. (Illinois is 6th)! Most components of wind turbines installed in the 

U.S. are made in the U.S. Wind Energy employs 114,000 jobs in the United States.  
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When the wind blows, it turns the blades of the wind turbine. As these blades turn, they 

spin generators to create electricity. The electricity is then sent to a transformer, which 

increases the voltage and sends it to a national grid and distribution line. Next, local 

transformers reduce the voltage and send electricity to homes or businesses through power 

lines. 

  

Scientist Albert Betz, pictured in front of his 

wind tunnel, conducted extensive research on 

wind energy circa 1919.  

There are off-shore wind farms, like this one 

off the coast of Rhode Island.  
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Solar: 

In 1954, the New York Times proclaimed the milestone of the first solar cell stating: “the 

beginning of a new era, leading eventually to the realization of one of mankind’s most 

cherished dreams -- the harnessing of the almost limitless energy of the sun for the uses of 

civilization.” Since then, solar cells have been integrated by many businesses, like the space 

industry.  The Vanguard 1, the first artificial earth satellite powered by solar cells, remains the 

oldest manmade satellite in orbit -- logging more than 6 billion miles.  

Solar energy is the most abundant energy resource on earth -- 173,000 terawatts (1 trillion 

watts) of solar energy strikes the Earth continuously. That's more than 10,000 times the 

world's total energy use. Many households and businesses are taking advantage of solar 

panels. Solar farms are popping up all around the world. Pictured below, California’s Mojave 

Desert is home to the world’s largest operating solar thermal energy plant. It is spread 

across 3,500 acres and houses 170,000+ solar mirrors.   
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At California’s Mojave Desert, (1) the heliostats, or the device that turns the mirrors, direct 

light to the tower. (2) The sunlight convert water in the boiler to steam. (3) The steam 

powers a connected generator for electricity.  

 
(1) Solar panels work by absorbing sunlight with photovoltaic cells. This allows particles of 

light to knock electrons free from atoms, generating a flow of direct current (DC) energy. (2) 

The DC energy is then converted to a usable alternating current (AC) energy with the help of 

inverter technology. (3) AC electricity is what powers your home. (4) An extra energy 

produced may be sold to your local power company. 
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Geothermal: 

The world geothermal comes from Greek words meaning ‘Earth’ (geo) and ‘heat’ 

(thermos). Geothermal power plants, use heat from deep inside the Earth to generate 

steam to make electricity. Geothermal heat pumps tap into heat close to the Earth's 

surface to heat water or provide heat for buildings. 

The interesting thing about the chart below is while the United States is a leader in 

geothermal, with California being a leading state, Indonesia is developing geothermal on a 

large scale. Approximately 20 million people in Indonesia are without power and some 

areas have frequent blackouts. Indonesia is taking on the challenge to become a leader in 

this market with 40% of geothermal reserves. 
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 The system of pipes push water through the hot rocks, water, or ground, heating it, then is 

pushed back to the Earth’s surface in the form of energy. Residential heat pumps only need 

to be installed about 10 feet into the ground. At this depth, the ground is a constant 

temperature of 50-60 degrees Fahrenheit all year long.  
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Geothermal power plants 

draw hot water (1) up 

from the ground and uses 

(2) steam from the hot 

water to (3) to spin 

electricity-generating 

turbines. The energy is 

then stored or sent as 

electricity through 

transmitters or power 

lines.  
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Hydropower: 

Hydropower, one of the oldest power sources on the planet, generates power when 

flowing water spins a wheel or turbine. It was used by farmers as far back as ancient Greece 

for mechanical tasks like grinding grain. When most people think of hydropower, they might 

imagine Hoover Dam – a huge facility storing the power of an entire river behind its walls, 

but actually only 3% of dams actually produce electricity. Hydropower isn’t just dams, it can 

be water flow into municipal facilities, irrigation ditches, or pumps. 

Niagara Falls was the site of the country’s first hydroelectric generating facility. Built in 1881 

when Charles Brush connected a generator to turbines powered by the falls and used the 

electricity to power nighttime lighting for visiting tourists. This project was taken to the next 

level by George Westinghouse and Nikola Tesla who made long distance transmission a 

reality. 

 

An effective hydropower system needs a (1) reservoir to store water, like a lake or river. (2) 

The reservoir is held by a dam which can raise or lower the levels of water. (3) Inside the 

dam is a turbine, which is spun by the force of falling water. (4) The turning of the turbines 

produces energy to be stored by the generator. (5) The generator is connected to a 

transmission lines to carry electricity to the community.  

1 

2 

3 

4 

5 



Page 10 

 

Nearby, Lake Shelbyville Dam does NOT have hydropower capabilities but there has been 

discussion of adding a station at the dam.  

 

Hoover Dam, which is on the Nevada and Arizona border, is HUGE. Hoover Dam generates, 

on average, about 4 billion kilowatt-hours of hydroelectric power each year for use in 

Nevada, Arizona, and California - enough to serve 1.3 million people. However, at the Hoover 

Dam, new hydropower turbines are being installed at a lower elevation to prepare for future 

shortages or drought on the Colorado River.  
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Tidal Energy 

Due to the gravitational pull of the Moon and the Sun on the Earth, tremendous masses of 

water are circulating on Earth, creating the tides. Massive amount of energy is available 

from this water flow, that is 1000 times more dense than the energy provided by the wind 

(air flow).  Tidal and wave energy projects around the world aim to capture the ocean's 

natural rhythms. Marine energy projects currently generate an estimated 500 megawatts of 

power—less than one percent of all renewables—but the potential is far greater.  

 

Tidal Barrages: A tidal barrage is a dam-like structure used to capture the energy from 

masses of water moving in and out of a bay or river due to tidal forces. 

Tidal Fence: A tidal fence is a type of tidal power system that has vertical axis turbines, 

mounted in a fence or row placed on the sea bed, similar to tidal turbines. Water passing 

through the turbines generates electricity. 

Tidal Turbines: Tidal turbines look similar to wind turbines. They can be 

placed on the sea floor where there is strong tidal flow. 

Here is a great 2 minute video that helps explain Tidal Energy. While this 

video is not required it does reinforce information in this packet. 

https://www.youtube.com/watch?v=VkTRcTyDSyk  
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Biomass:  

Biomass is organic material that comes from plants and animals, and it is a renewable source 

of energy. Biomass contains stored energy from the sun. Plants absorb the sun's energy in a 

process called photosynthesis. When biomass is burned, the chemical energy in biomass is 

released as heat. Solid biomass, such as wood and garbage, can be burned directly to 

produce heat. Biomass can also be converted into a gas called biogas or into liquid biofuels 

such as ethanol and biodiesel. These fuels can then be burned for energy. Biomass fuels 

provided about 5% of total primary energy use in the United States in 2018. 

Examples of biomass and their uses for energy:  

 Wood and wood processing wastes—burned to heat buildings, to produce process 

heat in industry, and to generate electricity 

 Agricultural crops and waste materials—burned as a fuel or converted to liquid 

biofuels 

 Food, yard, and wood waste in garbage—burned to generate electricity in power 

plants or converted to biogas in landfills 

 Animal manure and human sewage—converted to biogas, which can be burned as a 

fuel 
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Sustainable Energy Use in the United States 

 

Pros and Cons of Sustainable Energy 

Sustainable energy is on the rise, but with any project business and home owners 

must weigh the pros and cons of a sustainable energy source before moving forward with 

the project. The table below is a list of just a few pros and cons of each sustainable energy 

source.  
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Pros of Sustainable Energy 

 

PROS WIND SOLAR GEO-

THERMAL 

HYDRO-

POWER 

TIDAL BIOMASS 

Sustainable      

Drought poses 

a significant 

threat to 

hydropower 

which is a 

concern.  

  

Lowers 

electric bill  
      

Reduces your 

carbon 

footprint  

(A carbon 

footprint is 

defined as the 

total 

emissions 

caused by an 

individual) 

    

In certain 

conditions, a 

reservoir 

created by 

hydropower w

ill release 

greenhouse 

gases due to 

decomposition 

of organic 

material. 

  

Not 100% clean 

when burned 

Space Efficient        

Homeowners 

can install 
      

Businesses can 

install 
      

Quiet       
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Cons of Sustainable Energy 

CONS WIND SOLAR GEO-

THERMAL 

HYDRO-

POWER 

TIDAL BIOMASS 

Expensive to 

install 
  

While 

expensive, 

solar has a 

several cost 

share 

programs 

lowering the 

cost 

significantly in 

recent years.  

    

Environmental 

and wildlife 

impacts 

 

Birds and bats 

running into 

wind turbine 

blades.  

   

Interruptions 

of natural 

water flow can 

have a great 

impact on the 

river 

ecosystem.  

 

Can damage 

the coastline 

and affect 

shipping 

routes. 

 

May not be 

aesthetically 

pleasing 

      

Energy source 

may be 

unpredictable 

  

May only 

function at 

about 30%. 

 

May only 

function at 

about 15%. 

 

May only 

function at 

about 70%. 

 

May only 

function at 

about 90%. 

 

May only 

function at 

about 80%. 

 

May only 

function at 

about 75%. 

Expensive to 

store energy 
      

 


