This lecture will help you understand:

· Reasons for seeking fossil fuel alternatives

· Energy contributions of alternatives 

· Nuclear energy

· Debate over nuclear power

· Biomass energy

· Hydroelectric power

Central Case: Sweden’s Search for Alternative Energy

· While Swedish citizens voted to shut down all nuclear plants in the wake of Chernobyl, 55% now favor nuclear power as an alternative to expanding fossil fuel use.

· 80% of Swedes support increasing research on renewable energy sources.

Alternatives to fossil fuels

· Because fossil fuels are nonrenewable and will not last forever the world’s economies must find alternatives. 

· Most alternatives are costly and depend on undeveloped technologies.

· Three alternatives are the most developed and widely used:

· Nuclear power

· Biomass energy

· Hydroelectric power

Energy consumption in the U.S.

Nuclear energy

· Nuclear energy = energy that holds together protons and neutrons within the nucleus of an atom

· We harness this energy by converting it to thermal energy, which can then be used to generate electricity.

· Each conversion process involves transforming isotopes of one element into isotopes of other elements by the addition or loss of neutrons.
Consumers of nuclear power 

Nuclear power has expanded 15-fold since 1970.

Nuclear energy: Fission

Nuclear fission = energy is released by splitting apart uranium nuclei by bombarding them with neutrons










This is the process used in nuclear reactors and weapons.

Nuclear energy

· Comes from the radioactive element uranium
· The nuclear fuel cycle enriches forms of uranium to make it into usable fuel.

· Electricity is generated by controlling fission in nuclear reactors.

Nuclear energy

· Uranium is used for nuclear power because it is radioactive.

· Radioisotopes emit subatomic particles and high-energy radiation as they decay.

· Each radioisotope decays at a rate determined by that isotope’s half-life, the amount of time it takes for one-half of the atoms to give off radiation and decay.

Nuclear reactor

In a reactor, fission boils steam to turn a turbine and generate electricity

Nuclear reactor

· Using plutonium, breeder nuclear fission: 

· Makes better use of fuel

· Generates more power

· Produces far less waste

· Breeder fission raises the risk of explosive accidents. 

· As a result, most breeder reactors have been shut down.
Nuclear energy: Fusion

Nuclear fusion = nuclei of lightweight elements are forced together

Not efficient for power production, so is not (yet) used.

Nuclear troubles

· Although nuclear power is clean, lacking the pollutants of fossil fuels, it has drawbacks:


· Its waste is dangerously radioactive.

· Consequences of accidents can be catastrophic.

· 439 nuclear plants remain operating today in the world.

Nuclear accidents

The Three Mile Island accident caused a partial meltdown.

Nuclear accidents

The 1986 Chernobyl explosion caused the world’s most severe nuclear power plant accident.

Nuclear accidents

Fallout from Chernobyl was deposited across Europe.

Nuclear waste disposal

Nuclear waste must be disposed where it will not escape.

Nuclear waste disposal

Nuclear waste is stored at 125 sites in 39 states.

Nuclear waste disposal

At Yucca Mountain, all nuclear waste in the U.S. would be buried in a network of tunnels deep underground.

Greenhouse gas emissions

Coal, oil, and natural gas emit far more greenhouse gases than do renewable energy sources and nuclear energy.

Biomass

Organic substances produced by recent photosynthesis

(unlike fossil fuels, products of ancient photosynthesis)

Uses of biomass energy

· More than 1 billion people burn fuelwood or charcoal as their principal power source for cooking, heating, etc.

· New uses:

· Burning in power plants to produce biopower
· Converting into biofuels to power automobiles

· Many new biomass resources are the waste products of preexisting industries or processes, e.g., forestry, landfill waste.

Biomass energy consumption

Energy consumption patterns vary greatly between developing and developed nations.

Biofuels

· Ethanol = alcohol produced by fermenting corn and other carbohydrate-rich crops:

· Added to gasoline to reduce automotive emissions

· Automakers are producing flexible fuel vehicles that run on 85% ethanol and 15% gasoline.

· Biodiesel = produced from vegetable oil, used cooking grease, or animal fat:

· Used in cars with diesel engines

· Cuts down on emissions compared with petrodiesel
Biodiesel

Biodiesel has fewer emissions than petroleum-based diesel.

Pros and cons of biomass

PROS:

· Releases no net carbon into atmosphere

· Renewable as long as forests aren’t depleted

· Capturing methane reduces its emissions.

· Biofuels reduce pollutant emissions.

· Usually inexpensive

· Some waste can be used for energy.

CONS:

· Traditional burning methods cause indoor air pollution.

· Fuelwood harvesting can cause deforestation, erosion, etc. 

· Growing crops establishes monoculture agriculture.

· Farming corn and other biofuel inputs requires fossil fuels and industrialized agriculture.

· Growing crops for fuel (e.g., corn for ethanol) is inefficient.

Hydroelectric power

In hydroelectric power, moving water is used to turn turbines and generate electricity. 

The storage technique

stores immense amounts

of water behind dams.

Hydroelectric power

For nations with large amounts of flowing water (Brazil, Norway, Austria, Canada…), hydropower has been key to their economic development.

98% of U.S. rivers

are dammed.
Hydroelectric power

Hydroelectric power

Water flowing through a dam spins turbines that turn generators to create electricity.

Hydroelectric power

Pros and cons of hydroelectric power

PROS:

· Renewable as long as water is not overdrawn from river system

· Clean: no greenhouse gas emissions
CONS:

· Dams cause numerous disruptive ecological effects to riparian environments.

· Dams thus bring a mix of impacts for people.
Conclusion

· Given limited supplies of fossil fuels and their environmental impacts, many nations are pursuing alternative energy sources.

· The three most widely used alternatives so far are nuclear power, biomass energy, and hydropower.

· Because of high costs and public fears over safety, some nations are attempting to phase out nuclear power.

· Biomass sources can be carbon-neutral but are not all strictly renewable.

· Hydropower is renewable and pollution-free, but it is nearing its maximal use and can involve substantial ecological impacts.

