Forestry and Natural Resources

Unit 5:  Energy, Minerals and Metals


Unit 5:  Energy, Minerals, and Metals

Lesson 2:  Non-Fossil Fuel Energy Sources

Duration:  Two Hours

Students will be able to:

1. Explain the difference between renewable and non-renewable energy sources.

2. List and describe the major alternative to fossil fuel power.

3. Describe and explain basic devices used to generate power from geothermal, solar, water, wind and biomass.

Suggested Activities:

5.2A
Solar Energy Project - Students, individually or in groups design and develop a solar energy device, demonstrate its use, and explain the principles involved in an orsal report to the class.
Teaching Outline:

I.
Non-Fossil Fuel Energy Sources

A.
Alternative to fossil fuel energy sources:  may be divided into renewable and non-renewable resources.  Renewable resources include hydropower, solar power, wind power, 
and biomass.  Non-renewable alternative energy sources include nuclear power and geothermal power.(TM p11,12)  Although oil prices are competitive, renewed interest in alternative energy sources has arisen because they can potentially reduce urban air pollution, acid rain, and global warming.

1.
Geothermal systems are associated with plate tectonic boundaries; unusually high sources include convergent and divergent plate boundaries (for example western US).  Typical temperatures are above 80o C (176o F).

a.
Types of geothermal harvestable energy:

i.
Hydrothermal Convection:  steam or superheated water from geysers (Yellowstone has about 10,000 hot springs) supplies about 2,000 Megawatts of energy.

ii.
Ground Water Systems:  available at depths of 320ft, have moderate temperatures of about 13o C (55o F) which make them suitable for cooling buildings during summer months, and warming the air of buildings during the winter.

b.
Use and Environment:  some negative consequences associated with geothermal power includes on-site noise, gas emissions, and general surface disturbance of the land.  The values of the geothermal alternative include the reduction of air pollutants, reduced impact on the supply of raw materials, the omission of refining methods, and no production of radioactive waste.

2.
Solar energy: is the ultimate power source.  Solar energy is the fundamental energy source for solar, wind, water, and biomass energy production.  Humans harvest solar energy either directly (technology requiring) or indirectly by manipulating building architecture to passively enhance solar absorption.  Solar technology includes:  

a.
Flat-plate thermal collectors.  Used for water and space heating as well as for cooking.  Typical construction involves flat panels with glass cover plate over a black background that absorbs short wave radiation and reradiates it to heat water in circulating tubes.  

b.
Photovoltaics:  convert sunlight directly into electricity.  Solid semi-conductors with solar cells of silicon or gallium arsenide, absorb sunlight, inducing electrons to flow out of the cell and into electrical wires.  Benefits include limitless energy potential, no air pollutant emissions or contribution to atmospheric carbon dioxide.

c.
Solar power towers:  direct sunlight and concentrate it in a central collector where heat is used to create steam to drive a turbine.  A 100m tower in Barstow, CA produces incorporates about 2,000 mirror modules in the production of 10 Mw (megawatts) of power.  This is still a fairly inefficient system and work is continuing on improving it’s potential.

d.
Luz-solar electrical generating system:  located in the Mojave Desert, this light harvesting technology consists of nine solar farms that utilize curved mirrors to heat a synthetic oil, creating steam to turn electricity generating turbines.  The advantage of this modular system is that it can be constructed quickly and it has a back-up, natural gas powered system for meeting energy needs during cloudy days or peak demand.

e.
Solar ponds:  capture solar radiation and store it in the salinity gradient of a pond.  The saline, circulation restricted warm water remains on the bottom of the pond from where it’s heat is extracted for commercial, industrial, agricultural uses.  A pond in El Paso, Texas utilizes ponds of nearly 85o C (185o F) for electricity in the summer and heat during the fall.

3.
Water power:  includes both small-scale and large scale systems.  

a.
‘Microhydropower’ includes the small dams or water-wheels of farms, homes, and small industry.  Found in mountainous water sheds, they have an average output of about 100 kW.  Their efficiency is often increased by utilizing ‘pump storage’ which involves pumping water to a high pool where it flows passively down to a low pool, producing energy.   

b.
Large-scale systems are dams that utilize the energy from a river or the tidal flux of water along a topographically diverse coastline.  Some negative environmental consequences of dams are sediment accumulation, disturbance of aquatic biota, alteration of stream flow, and reduced aesthetic value.

4.
Wind power:  is possible because differential heating of the earth’s atmosphere produces variable heating contents and densities within air masses, resulting in their bulk displacement.  Potential harvest of energy from wind is reduced by variability in time, place, and density of wind sources.  The greatest regions of potential in the US are the Pacific Northwest, North Eastern Seaboard, and Northern Texas to the Dakotas.

a.
Small-scale producers (1kW/windmill) must be paid the full market utility price as required by the Public Utility Regulatory Policy Act (1978).  In effect, homeowners, farmers, and small industry can sell back the excess electricity they produce back to the utility companies. 

b.
Large-scale producers (e.g. CA) arrange windmills in clusters or farms located in mountain passes.  The windmills, which can individually produce up to 75 kW of power, are connected to the general utility lines that service homes.  They are significant contributors to the total utility grid and by the year 2010 may be the second lowest cost energy resource in California. 

5.
Biomass fuel:  organic matter such as plant or animal waste that can be burned directly or converted into a more convenient form of energy source.  Wood is the major source of biomass fuel; approximately 1 billion people around the world use wood for their primary cooking needs.  Other types of 
biomass fuel include cattle dung, peat, and biofuels such as ethanol and methanol.

a.
The energy yield of some biomass fuels such as unprocessed vegetation 
is low because of the poor ratio of unit weight per volume which increases the energy needed to collect and process the raw material.

b.
The greatest gains from biomass fuels may be from sources that are used locally.  For example, municipal waste may be burned and the released energy may be used to produce steam for space heating or electricity production.

c.
Environmental impacts of biomass fuel use include air pollution of narrow valleys and inversion prone regions, disturbance of sensitive habitats, and reduction of species diversity.

6. Nuclear Energy:  uranium mined from the ground is specially enriched and made into fuel rods to power nuclear power plants.

a.
Nuclear power plants generate electricity by heating water to boiling using a controlled fission reaction.  The steam is used to turn generators.  Nuclear power plants also require water for cooling the steam and condensing the water for reuse.

b. Water that comes in direct contact with the nuclear fuel must be contained within the reactor.  Cooling water does not generally come in contact with the fuel, nor does the water that drives the generators.  Heat exchangers pass heat from the water that passes over the fuel rods, and the water which goes through the generator.

c. Contaminated water and all radioactive materials must be processed and stored at great cost.  Processing plants pose serious environmental threats as do the power plants should radioactive water or gas escape these plants.

d. .Fuel rods must be changed after only a few years of service.  Spent rods are radioactive and remain dangerous for thousands of years.  

e. Nulear energy is used extensively in Europe and in Japan.  Concerns over safety, waste storage and cost have limited adoption in the United States.

A Nuclear Reaction
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Nuclear Fuel Cycle
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