CHAPTER 10
RENEWABLE ENERGY SOURCES

CLO 7 The student will be able to list the various forms of energy resources used and for each one, to analyze the worldwide present uses, trends; and related environmental issues.

SLO…

SLO 7.4 … to list the major sources of renewable energy and for each one, enumerate its advantages and disadvantages/drawbacks.
1. THE STATUS OF RENEWABLE ENERGY

· Currently, alternative/renewable sources constitute 13% of total energy consumption [non-renewable: 87%) 
· Renewable energy includes – Biomass and wastes (10%); Hydroelectric (2.3%); and the others (0.7%) which include wind, solar, geothermal, tidal…(Fig. 10.1, p.215)
2.
MAJOR KINDS OF RENEWABLE ENERGY
2.1
Biomass Conversion (Biomass energy)
· Biomass- The total weight of living tissue in a community

· In other words come from energy derived from present day photosynthesis
· Biomass Energy - Energy produced by the burning of such biomass as wastes, standing forests and energy crops (generating methane from the anaerobic digestion of manure and sewage sludge, and producing alcohol form fermenting grains and other starchy materials)

· Biomass energy, under the form of fuelwood, is still the predominant form of energy used by people in the less-developed countries, accounting for 10% of the world energy use.

Four major types of Biomass Energy:
· Fuelwood (Standing forests)
· Solid Wastes (municipal and industrial wastes) – organic wastes

· Agricultural Crop Residues and Animal Wastes (anaerobic digestion --- fermentation --- alcohol)

· Energy Plantations (or Crops)
· In many developing countries these sources of fuel are large proportion of the energy available

2.1.1
Fuelwood (Firewood) Burning

· Wood from living trees, branches, stumps…. 

· Oldest form of energy that humans have used throughout history

· Read -----   Focus On – “Biomass Fuels and the Developing World” – (p.217)

· In less developed countries, wood is still a major source of fuel. Wood is the primary source of energy for nearly ½ of the world’s population. (principally used for cooking and heating) 

· Worldwide, about 60% of wood removed from the world’s forests is used for fuel.

· Too much wood harvest as resulted in the destruction of much forest land in Asia and Africa and has hastened the rate of desertification in these regions. (Fig. 10.2, p.216)
Advantages:
· Can be used in “thermochemical conversion” (production of charcoal from wood; production of petroleum and natural gas substitutes from biomass or coal --- currently, this method does not economically compete with fossil fuels) 

Drawbacks:
· Can compete with other needs such as lumber, furniture industry, paper production

· The forest used as “firewood” are often cut down in a non-sustainable manner (more trees are cut than they are replenished) – leads to “habitat destruction” and loss of biodiversity

· Often the wood that is burnt is used “inefficiently” (food cooked over an open fire—most of the heat is lost)

· Burning wood emits carbon dioxide which contributes to the “greenhouse effect” and other pollutant particles (various organic compounds and hydrocarbons, fly ash…)

· Cutting wood, means less living forest available to absorb carbon dioxide from the atmosphere --- (indirectly contributes to the greenhouse effect)

· Burning forests can deprive the soil from nutrients that should be recycled back to the earth --- reducing the soils fertility and making it much more difficult for the land to support either natural vegetation or human planted crop --- often leads to “desertification”

· Desertification --- The conversion of arid and semiarid lands into deserts by inappropriate farming practices or overgrazing.

2.1.2
Solid Wastes (“Trash Power” and Municipal & Industrial Wastes)

· Paper scraps, organic material from municipal solid waste, and other burnable materials produced by society (Fig. 10.3 p.217)
· About 80% of the solid waste is combustible and represents a potential “energy source”

Advantages:
· Permits to get rid of municipal solid wastes and other wastes --- less garbage in landfills…

· Burning wastes as fuel for factories, for heating etc. permits to save on the energy cost (more efficient, less waste…) --- “Incinerators of many cities” (waste to energy conversion)

Drawbacks:
· Burning garbage can generate air pollution and hazardous waste (some ashes can be dangerous – carcinogens, heavy metals…)

· Does not stimulate reuse and recycling

· Contributes to the “greenhouse effect” (air pollution)

· Must first be sorted so that burnable organic material is separated from the inorganic material 

2.1.3
Crop Residues and Animal Wastes (dung) --- Producing methane

· The materials that are left following the harvest of a crop can be used as a biomass fuel

· Animal wastes are also used for energy – Animal dung is dried and burned or processed in anaerobic digesters to provide a burnable gas (methane)
2.1.4
Energy Plantations (crops) (Ethanol Production)
· Energy farms/plantations - A farm that produces biomass to be used as an energy source (such as fast-growing trees, grasses and other crops – like sugar cane, corn, sugar beets, grains, kelp.)

· Read Issues and Analysis --- Does Corn Ethanol Fuel Make Sense?  (p.230)

Advantages:
· some of these sources are used to produce “biogas”  (Biofuels) (methanol or ethanol)  --- “Biochemical conversion” (the harnessing of microorganisms to convert biomass into certain fuels) (Fig. 10.5, p.219)
· The residue from biogas digesters can be used as a fertilizer and soil conditioner (Ex: sugarcane grown in Brazil used to produce ethanol fuels for automobiles and residue is used as crop feed) – called “Gasohol” (10% ethanol and 90% gasoline)

Drawbacks:
· Requires large amounts of land that is fertile and could potentially be used for other purposes such as food crop

· Like food crops, the crops are raised for use as fuel (energy farms) will suffer from soil erosion, massive pesticides, herbicide, fertilizer use…

· Energy crops can only supply a small part of the energy requirements

· In some cases, the conversion is not efficient (uses more energy to convert than is produced)

· Like other “burning biomass”, it is a major contributor to air pollution and the greenhouse effect when done unsustainably (when replacements are not planted for all materials burned)

· Loss of biodiversity – transforming natural ecosystems into energy plantations with a very small number of crops – can reduce the diversity of a region (problem of Monoculture)

Case of “biodiesel” in Pohnpei:

· Extraction of the oil from coconut copra (vegetable fuel) to use as “diesel” 

2.1.5
Biomass Conversion Technologies (READ ONLY)
· Exist several technologies capable of converting biomass into energy

Direct Combustion and Cogeneration

Ethanol Production (See Energy Plantation/Crops)
Anaerobic Digestion

· Is the decomposition of wet and green biomass, through bacterial action in the absence of oxygen, to produce a mixed gas output of methane and carbon dioxide known as biogas. (Ex: waste buried in landfill --- collected by pipes, fermented manure…) 
Pyrolysis (or bio-oil)
· Is the basic thermochemical process for converting solid biomass to a more useful liquid fuel (Ex: process of carbonization – produce coal)

· Process is similar to refining crude oil (when refining “bio-oil”)

Gasification
Is a form of pyrolysis, carried out with more air, and at high temperatures, in order to optimize the gas production

3.
HYDROELECTRIC POWER 
· Hydroelectric power --- 2.3% of the world’s energy supply
· Electricity - An electric current or flow of electrons through a conductor; is used for running electrical appliances, lighting, heating, air conditioning…

· Electricity is most commonly generated at “power plants” by using a turbine  -- A machine that converts the lateral motion of a liquid [water] or gas [steam, other gas] into rotational motion--  to drive a generator  -- A machine that converts mechanical energy – rotational energy – into electrical energy 

· The word electricity generated depends on source of energy that drives the turbine:

· hydroelectric power plants – water falling from a dam drives the turbine (16% of the world electricity)
· wind-powered plants - the turbines are driven by wind (Ex: like windmills)

· geothermal power plants – hot steam and other gases originating from the interior of the Earth may be used to drive the turbine

· coal and diesel (fossil fuel) powered plants – uses the fossil fuels to heat water to create steam that will drive the turbine or again to drive “internal combustion engines” that will turn the turbines directly instead of producing steam

· nuclear reactors – use the nuclear power to heat water for steam that will turn the turbines

3.1
Hydropower

· Hydropower – water power is used to generate electricity (need to “dam” rivers to create artificial waterfalls --- the falling water is used to turn turbines that drive electrical generators) (Fig.10.8, p.221)
· Advantages: 

· once the dams are built and turbines are in operation, it is a relatively cheap and very clean source of electrical energy

· provides flood control

· have longer lives than fuel-fired generators

· reservoirs are used for recreational and tourist opportunities

· it produces no waste

· does not spew carbon dioxide and other pollutants into the atmosphere

· no toxic, hazardous or radioactive waste is generated

· clean, safe and efficient

· Drawbacks:
· Cause environmental and social problems (Floods farmland or wildlife habitats…)
· People are displaced—relocate entire communities
· Three Gorges Dam (China) – is the largest hydroelectric dam in the world (Displaces 1.1 million people; generates 22,500 mw of electricity)
· the construction is extremely expensive and large quantities of fossil fuels are needed at this time (to drive machinery…)

· the plants must be carefully maintained and operated (catastrophic flooding if a dam cracks)

· floods huge tracts of land (loss of farmland) and seriously disturb natural ecosystems (forest, natural aquatic ecosystems and other natural habitats are destroyed)

· erosion rates are increased

· the reservoir of the dam can eventually fill up with sediment

· affects the water flow, the temperature of the water—especially downstream (destroy the natural aquatic ecosystem…)

· Small scale hydropower plants may be more compatible with the natural environment than large scale ones

· converting dams already in existence that are not currently used to produce hydropower may be relatively efficient and inexpensive and have minimal detrimental impacts on the environment

4. SOLAR ENERGY
· The sun provides the Earth with more energy than humans would ever be able to use (The amount of solar energy reaching the earth’s surface is approximately 10,000 times all the commercial energy used each year by humans.)

· Provides about <1% of the world’s energy 

· The main obstacle to utilizing solar energy appears to be its dispersed (diffused) nature --- this energy is often dilute, diffuse or intermittent (the sun only shines during the day and when it is sunny)

· Problems with – Collection, conversion, and storage of solar energy.

· Passive solar energy – light energy is transformed to heat energy when it is absorbed by a surface (Ex: tile flooring in a house; a greenhouse…) (Fig. 10.9, p.222)
· Active solar system – requires solar collectors, a pump, and a system of pipes to transfer the heat from the site of production to the area to be heated (Fig. 10.10,  p223)
· Concentrated Solar Power (CSP) – Act like magnifying glass – use of reflectors (or concentrators) – such as mirrors to “concentrate the sunlight”  (Fig. 10.11, p.224)
· In countries where fuels are expensive, up to 70% of domestic hot water comes from solar collectors.

· Solar generated electricity – photovoltaic cells (Fig. 10.12., p.225)
· Photovoltaic cells (PV cells) – bimetallic unit that allows the direct conversion of sunlight to electricity (Ex: portable calculators…) (Solar panels)

· Their costs remain relatively high (do not compete with conventional energy sources)—but as technology advances, the costs are falling

· More practical in remote regions of the world

· There is little Research and development (R&D) that has been spent in solar power as comparison to coal or nuclear power… (Great potential of development)

· Future solar energies --- growing at a rapid rate --- 40% per year

5. WIND ENERGY 
· Wind power - the harnessing of the wind’s energy for human applications 

· Used for thousands of years: to grind grain (windmills); sailing ships, to pump water…

· Today wind generates around 0.5% of the world’s electricity --- but is growing quickly (Usually used with other sources of electricity) [Ex: Denmark – 20% of its electricity by windmills]

· Wind farms--- vast tracts of land covered with wind-powered turbines, currently generate electricity at competitive prices (Fig.10.13, p.225)
· Like solar power, wind power is a “limitless resource” and does little environmental damage

· Is the 2nd fastest-growing energy source in the world (behind solar photovoltaic (PV) power) – growth of 28% per year --- because it has become economically competitive with conventional energy sources

Drawbacks:
· Needs to be developed in areas where there is sufficient winds

· Problems --- NIMBY (Not In My Back Yard) syndrome  --- noisy, not aesthetic (visual pollution)

· Creates “bird deaths” --- birds collide with the blades

· Largest drawback --- is the “intermittent  nature of the wind” 

6. GEOTHERMAL ENERGY
· Geothermal Energy – energy (steam) originating from deep within the Earth (Tap and harness this natural heat from the Earth’s interior) (Fig. 10.15, p.227)
· Can be used directly to heat buildings or it can be used to generate electricity (from the steam that drives turbine generators)

Drawbacks:
· Not practical everywhere: utilized where there is geothermal activity (Ex: Iceland ---half to produce electricity and half for heating)

· Can expel excessive quantities of heat into the environment that may cause “thermal pollution” (Killing plants and animals and disrupting natural ecosystems)

· Some of this hot underground water contains dissolved salts, other minerals and heavy metals that are toxic pollutants (form hazardous wastes) and they also spew dangerous gas (hydrogen sulfide) – corrodes pipes and equipment

· Requires large quantities of water --- for the power stations…

7. TIDAL POWER (Ocean Energy)
· Like hydroelectric plants, as water flows from a higher level to a lower one, it can be used to generate electricity. (Fig. 10.16, p.227)
· Example: Tidal power station used in France (Rance) and in Canada (Bay of Fundy, Nova Scotia)

Drawbacks:
· Artificial damming can be disruptive to the local marine life and the water flow within the estuary bay

8. OCEAN THERMAL ENERGY CONVERSION (OTEC)  -- there is a plant in Hawaii

9. ENERGY CONSERVATION

· Energy Conservation – Decreasing the demand for energy (cutting down the consumption rate)

· Energy efficiency – Increasing the usable output per unit of energy

· Energy conservation and energy efficiency are the simplest and cheapest ways of stretching our energy related problems. It is the quickest, cleanest, and usually the cheapest way to provide more energy, reduce pollution and environmental degradation, and slow projected climate change.  (Fig. 10.17, p.229)
· Advantages of reducing Energy Wastes : 
· Prolongs fossil fuels supplies

· Reduces oil imports and improves energy security

· Has very high net energy yield

· Saves a lot of money

· Reduces pollution and environmental degradation

· Buys time to phase in renewable energy

· Creates local jobs

Improving Energy Efficiency:
· Improving energy efficiency could save the world at least 1/3 of the energy it uses; and it could save the US up to 43% of the energy it uses.

· Our current energy technologies are extremely inefficient and much potential energy in fuels is wasted.

· We must “rethink” our “standards” when considering energy conservation and efficiency

· The best approach is to “cut down” our consumption --- “use less” --- 

· The 3 Rs --- Reduce, Reuse, and Recycle

· use “recycled materials” (usually recycled materials necessitate less energy than using the raw materials)

· Example: it takes 75% less energy to produce steel from recycled scrap iron than it takes to produce it from virgin iron ore and emits 40% less CO2 

· recycle glass, metals, and paper; compost organic wastes

· Eat locally grown food in season (diminish the imports…)

· Buy locally made, long-lasting materials

· Increase the mileage standards for motor vehicles

· Fuel-efficient hybrid and other advanced technology vehicles  (Read Going Green – Hybrid Electric Vehicles p.229)
· Use vehicles that are less “gas guzzlers”  (small economy vehicles instead of 4-wheel drives etc..)

· Drive less: make fewer trips, use telecommunications and mail instead of going places in person

· Use public transportation, walk, or ride a bicycle

· Join a car pool

· Reduce speeds; keep the tires of your vehicle well inflated (much waste of energy because of extra friction on the road)
· Increase the energy efficiency of appliances and buildings

· Energy efficient refrigerators and freezers

· Building codes --- better insulation, double-pane windows (many people live and work in leaky, poorly insulated, and badly designed buildings that require excessive heating in winter and cooling in summer)
· Substituting compact fluorescent lights for conventional incandescent light bulbs (20-25% more efficient); there are the even more efficient Light-emitting diodes (LEDs)
· use less lighting

· Encourage industries to use combined heat and power (CHP) technologies

· Use its “waste” heat to heat buildings…

· Promoting greater use of non-fossil-fuel sources of energy (renewable energy)

· Keep in mind that reducing our use of fossil fuel energies
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