
Wind EnergyWind Energy
•• Wind power is created by wind Wind power is created by wind 

turbinesturbines
•• Wind Farms Wind Farms -- location of high wind location of high wind 

where many                                where many                                where many                                where many                                
turbines are                          turbines are                          
concentrated                                     concentrated                                     
(Palm Springs)(Palm Springs)



Turning Wind Power Into Turning Wind Power Into 
ElectricityElectricity

•• Wind pushes large pinwheel Wind pushes large pinwheel 
type contraptions called wind type contraptions called wind 
turbinesturbinesturbinesturbines

•• These turbines convert the wind These turbines convert the wind 
power into electricity just like a power into electricity just like a 
generator does in an generator does in an 
automobileautomobile



•• Most turbines are located on Most turbines are located on 
turbine farms in clusters of 20 to turbine farms in clusters of 20 to 
over 200 and can collectively over 200 and can collectively 
10,000 megawatts of electrical 10,000 megawatts of electrical 

Wind FarmsWind Farms

power.power.

•• Wind Farms are most efficient in Wind Farms are most efficient in 
areas that receive regular and high areas that receive regular and high 
velocity windsvelocity winds



Wind power in the U.SWind power in the U.S
•• All the power needs of U.S. = All the power needs of U.S. = 

exploiting wind potential of exploiting wind potential of 
Dakotas & TexasDakotas & Texas

•• enough to power enough to power 1%1% of California's of California's 
energy needsenergy needs



U.S Wind U.S Wind U.S Wind U.S Wind 
PotentialPotential



World Wide Use of WindWorld Wide Use of Wind
•• U.S. responsible for introducing U.S. responsible for introducing 

wind power in the 1980’s: since wind power in the 1980’s: since 
fallen behindfallen behind

•• European countries have invested European countries have invested •• European countries have invested European countries have invested 
LOTS more than U.S. in R & DLOTS more than U.S. in R & D
––Germany, Denmark, Great Britain,  Germany, Denmark, Great Britain,  

NetherlandsNetherlands & Spain& Spain



•• Have also invested in wind Have also invested in wind 
powerpower

•• Coming years will supersede Coming years will supersede 
U.S in this growing industryU.S in this growing industry

Developing NationsDeveloping Nations

U.S in this growing industryU.S in this growing industry



Pro’sPro’s
•• Virtually unlimited source of Virtually unlimited source of 

energy at favorable sitesenergy at favorable sites
•• No air and little water pollutantsNo air and little water pollutants
•• Land under turbines can                Land under turbines can                

be used for be used for grazinggrazing

•• Global potential: Global potential: FIVE TIMES FIVE TIMES 
CURRENT WORLD ENERGY USECURRENT WORLD ENERGY USE



Economic AdvantagesEconomic Advantages
•• Competitive with Coal Power Competitive with Coal Power 

PlantsPlants

•• Cheaper than Nuclear Power Cheaper than Nuclear Power 
because of because of moremore gov. subsidiesgov. subsidiesbecause of because of moremore gov. subsidiesgov. subsidies

•• Once improvements in technology Once improvements in technology 
come about, W.P. will be #1 in come about, W.P. will be #1 in 
cheapness and efficiencycheapness and efficiency



Con’sCon’s
•• Wind turbines Wind turbines kill birds:kill birds: LOTSLOTS

•• Takes up large parcels of landTakes up large parcels of land

•• Noise Pollution Noise Pollution •• Noise Pollution Noise Pollution 

•• VisualVisual pollutionpollution

•• 3% of U.S. land area would be 3% of U.S. land area would be 
needed to supply our energy needsneeded to supply our energy needs



Hydroelectric Power: DamsHydroelectric Power: Dams
•• High dam is built across High dam is built across 

river to make reservoirriver to make reservoir

•• Water allowed through Water allowed through 
dam, past turbinesdam, past turbinesdam, past turbinesdam, past turbines

•• Spinning turbines Spinning turbines 
produce electricityproduce electricity

•• 20% of world’s energy20% of world’s energy



Pro’sPro’s
•• No CONo CO22 emmissionsemmissions
•• No NONo NOxx or SOor SO xx

•• No waste byNo waste by--productsproducts
•• Highly predictable in favorable Highly predictable in favorable •• Highly predictable in favorable Highly predictable in favorable 

areasareas
•• Technology is fully developedTechnology is fully developed







Con’sCon’s
•• Change of cold water stream to Change of cold water stream to 

warm water lake warm water lake -- increases increases 
humidity and temps (new pests?)humidity and temps (new pests?)

•• Downstream                                  Downstream                                  •• Downstream                                  Downstream                                  
affected: lack                                       affected: lack                                       
of floods,                             of floods,                             
unpredictable                                  unpredictable                                  
water levelswater levels



ProblemsProblems
•• Damming floods Damming floods 

areas above dam, areas above dam, 
ruining biologically, ruining biologically, 
agriculturally or agriculturally or agriculturally or agriculturally or 
culturally important culturally important 
areasareas

•• Migration of fish is Migration of fish is 
disrupted (ex. salmon)disrupted (ex. salmon)



OTEC: Ocean Thermal OTEC: Ocean Thermal 
Energy ConversionEnergy Conversion

•• In tropical waters In tropical waters 
there is a large there is a large 
difference difference 
between the between the 
surface and surface and 
bottom bottom 
temperaturetemperature



•• Heat at the surface is used to vaporize Heat at the surface is used to vaporize 
a low boiling point liquida low boiling point liquid

•• Pressure is                                                           Pressure is                                                           
used to run                                               used to run                                               
turboturbo--
generatorsgeneratorsgeneratorsgenerators

•• Liquid is                                                       Liquid is                                                       
condensed                                                        condensed                                                        
using bottom                                                  using bottom                                                  
waterwater



LimitationsLimitations
•• Only possible in Only possible in veryvery limited limited 

geographical locationsgeographical locations
–– tropical area with a steep droptropical area with a steep drop--off to off to 

very deep watervery deep water
–– must have at least a 30 must have at least a 30 ooF difference F difference 

between surface to bottom temp.between surface to bottom temp.
–– Sub surface currents can cause Sub surface currents can cause 

instablity of ininstablity of in--take pipestake pipes



Pro’sPro’s
•• RenewableRenewable
•• cold water brought from depths cold water brought from depths 

can be used for cooling purposes, can be used for cooling purposes, 
then piped to aquaculture facilitiesthen piped to aquaculture facilitiesthen piped to aquaculture facilitiesthen piped to aquaculture facilities
––abalone farmingabalone farming
––algae farmingalgae farming



Con’sCon’s
•• Environmental impacts of Environmental impacts of 

bringing large amounts of bringing large amounts of 
nutrient rich seawater to nutrient rich seawater to 
surface need to be determined surface need to be determined surface need to be determined surface need to be determined 
–– upwelling could be decreased upwelling could be decreased 

to coral reefsto coral reefs



WavesWaves
•• In some locations in the world, In some locations in the world, 

waves are consistent and strongwaves are consistent and strong

•• In these places, electricity can be In these places, electricity can be 
generated from wavesgenerated from wavesgenerated from wavesgenerated from waves

•• probably not going                                probably not going                                
to be a major                                 to be a major                                 
source of global                       source of global                       
electricityelectricity



Pro’sPro’s
•• Simple technologySimple technology
•• Potentially high energy                            Potentially high energy                            

yields yields yields yields 



Con’sCon’s
•• Geographical limitationsGeographical limitations

–– strong, consistent wave strong, consistent wave 
action and shallow bottomaction and shallow bottom

•• Design improvements Design improvements •• Design improvements Design improvements 
needed, presently very needed, presently very 
inefficient inefficient 

•• Past failuresPast failures



Geothermal EnergyGeothermal Energy
•• Located where hot magma beneath Located where hot magma beneath 

the surface produces hot springs the surface produces hot springs 
and                                             and                                             
geysersgeysers



Hot Springs at Hot Springs at 
Yellowstone Nat. ParkYellowstone Nat. Park

•• Geothermal energy is used by Geothermal energy is used by 
surrounding communitiessurrounding communities



Geothermal EnergyGeothermal Energy

•• Hot pressurized steam brought Hot pressurized steam brought 
to surface to turn turbinesto surface to turn turbines

•• Steam is then condensed and Steam is then condensed and 
returned to the earthreturned to the earth





Geothermal Energy: What is it?Geothermal Energy: What is it?
•• Heat from the earth’s mantle is Heat from the earth’s mantle is 

transferred to underground transferred to underground 
concentrations of:concentrations of:
––dry steamdry steam
––wet steam wet steam oror––wet steam wet steam oror
––hot waterhot water

•• these are trapped in porous rock in these are trapped in porous rock in 
the crustthe crust



•• Once located close to the surface; Once located close to the surface; 
wells can be drilledwells can be drilled

•• Potentially renewablePotentially renewable , although , although not not 
on the human time scaleon the human time scale ::

ExtractionExtraction

on the human time scaleon the human time scale ::
–– Reservoirs can be depleted if heat is Reservoirs can be depleted if heat is 

removed removed ffasteraster than it is replenished than it is replenished 
by natural processesby natural processes



UsageUsage
•• 20 countries:20 countries:

––USAUSA: 44% of all geothermal : 44% of all geothermal 
••CA & Rocky Mountain areasCA & Rocky Mountain areas

––Greatest potential:Greatest potential:
•• Iceland, Japan, New Zealand, Iceland, Japan, New Zealand, 
IndonesiaIndonesia



PROSPROS
•• Vast, reliable, semiVast, reliable, semi--renewablerenewable
•• Moderate net energy yields for Moderate net energy yields for 

large/easily accessible siteslarge/easily accessible sites
•• 96% fewer CO2 emissions per unit 96% fewer CO2 emissions per unit •• 96% fewer CO2 emissions per unit 96% fewer CO2 emissions per unit 

energy than fossil fuelsenergy than fossil fuels
•• Competitive cost of producing Competitive cost of producing 

electricityelectricity
•• GeoExchange subsystems are 48% GeoExchange subsystems are 48% 

more efficient than gas furnacesmore efficient than gas furnaces



CONSCONS
•• Scarcity of easily accessible sitesScarcity of easily accessible sites
•• Must be carefully monitored or Must be carefully monitored or 

depleted w/ in a few decadesdepleted w/ in a few decades
•• Development can destroy or Development can destroy or •• Development can destroy or Development can destroy or 

degrade forests or other degrade forests or other 
ecosystems (Hawaii)ecosystems (Hawaii)

•• Occasional sinkage of land from Occasional sinkage of land from 
extraction of hot waterextraction of hot water



•• Release of geothermal steamRelease of geothermal steam
––emits H2S emits H2S 
––toxic metalstoxic metals
––radioactive elements into nearby radioactive elements into nearby 

CONS CONS 

––radioactive elements into nearby radioactive elements into nearby 
aquifersaquifers

•• Potentially highly polluting unless Potentially highly polluting unless 
carefully monitored and remediatedcarefully monitored and remediated



•• Possible noise, odor, local climate Possible noise, odor, local climate 
changeschanges
––w/ proper controls, side effects w/ proper controls, side effects 

considered no greater/ or less to considered no greater/ or less to 

CONS CONS 

considered no greater/ or less to considered no greater/ or less to 
that of that of fossil fuelsfossil fuels

––main barrier: main barrier: ECONOMICSECONOMICS: : 
present cost too high except in present cost too high except in 
the most concentrated sitesthe most concentrated sites



Tidal PowerTidal Power
•• Areas of EXTREME tides, electricity Areas of EXTREME tides, electricity 

can be generated from tidescan be generated from tides

•• Water held back, let through Water held back, let through 
turbines like in damsturbines like in damsturbines like in damsturbines like in dams

•• South eastern                              South eastern                              
FranceFrance



Pro’sPro’s
•• If turbines work in both directions,                           If turbines work in both directions,                           

energy generated energy generated 4 times a day4 times a day
•• All advantages of normal All advantages of normal 

hydroelectric powerhydroelectric powerhydroelectric powerhydroelectric power



Tidal PowerTidal Power



Con’sCon’s
••Few suitable locationsFew suitable locations

–– needs shallow, narrow inlet to needs shallow, narrow inlet to 
form a tidal boreform a tidal bore

–– Bay of FundyBay of Fundy–– Bay of FundyBay of Fundy

••High cost of constructionHigh cost of construction

••Environmental impactsEnvironmental impacts

••estuary degradationestuary degradation

••Fish chewed up in turbFish chewed up in turb inesines



Energy Solutions: Energy Solutions: 
Conservation & EfficiencyConservation & Efficiency

•• ConservationConservation
–– Reduce gasoline Reduce gasoline 
consumptionconsumptionconsumptionconsumption

–– CarpoolingCarpooling
–– LineLine--drying clothsdrying cloths
–– Recycling etc.Recycling etc.



Energy Solutions: Energy Solutions: 
Conservation & EfficiencyConservation & Efficiency

•• EfficiencyEfficiency
–– Making fuel efficient carsMaking fuel efficient cars
–– Major appliances designed to Major appliances designed to –– Major appliances designed to Major appliances designed to 
use less energy use less energy 



Energy ConsumptionEnergy Consumption
Trends & EconomicsTrends & Economics

•• TrendsTrends in the U.S.in the U.S.
–– Energy consumption increased Energy consumption increased 

by 13% in last 20 yearsby 13% in last 20 yearsby 13% in last 20 yearsby 13% in last 20 years
–– GDP increased by 25% in same GDP increased by 25% in same 

timetime
––Indicates we are becoming more Indicates we are becoming more 

energy efficientenergy efficient



Trends in Developing CountriesTrends in Developing Countries
–– Demand on energy will Demand on energy will 
increase as economies increase as economies 
developdevelop

–– If energy conservation If energy conservation –– If energy conservation If energy conservation 
practices and energy efficient practices and energy efficient 
technologies are used, technologies are used, 
environmental degradation environmental degradation 
couldcould be minimized be minimized 





Energy Efficient Energy Efficient 
TechnologiesTechnologies

•• Compact fluorescent light bulbs Compact fluorescent light bulbs 
last 9 times longer and use 25% last 9 times longer and use 25% 
less energyless energyless energyless energy

•• “Superinsulated” homes“Superinsulated” homes
•• Energy efficient household Energy efficient household 

appliancesappliances



Cogeneration is the KeyCogeneration is the Key

•• Typically,  involves generation of Typically,  involves generation of 
electricity and then the steam electricity and then the steam 
produced is used rather than produced is used rather than 
wastedwastedwastedwasted

•• Usually done on a small scaleUsually done on a small scale
–– hospitals, hotels or small hospitals, hotels or small 

businessesbusinesses





Energy Savings in Energy Savings in 
Commercial buildingsCommercial buildings

•• Energy costs ~30% of Energy costs ~30% of 
company’s operating budgetcompany’s operating budget

•• Represents a huge           Represents a huge           •• Represents a huge           Represents a huge           
incentive to become             incentive to become             
energy efficientenergy efficient



Energy Savings in HomesEnergy Savings in Homes
•• Energy efficient houses and Energy efficient houses and 

improvements may require initial improvements may require initial 
investmentinvestment

•• Initial cost usually pay for Initial cost usually pay for •• Initial cost usually pay for Initial cost usually pay for 
themselves in 2 to 3 yearsthemselves in 2 to 3 years
––thicker insulationthicker insulation
––replacing inefficient                     replacing inefficient                     

furnacesfurnaces





Electric Power Companies Electric Power Companies 
& Energy Efficiency& Energy Efficiency



The Megawatt RevolutionThe Megawatt Revolution

•• In the past, electrical companies In the past, electrical companies 
have increased their profits by have increased their profits by 
increasing demand, and increasing demand, and increasing demand, and increasing demand, and 
building more plantsbuilding more plants



The Megawatt RevolutionThe Megawatt Revolution
•• Now cheaper for them to Now cheaper for them to 

encourage users to lower their encourage users to lower their 
energy needs: less expensive energy needs: less expensive 
plantsplantsplantsplants

•• Energy companies                          Energy companies                          
give incentives to                       give incentives to                       
people who use                          people who use                          
energy saving strategiesenergy saving strategies



Energy DeregulationEnergy Deregulation
•• California is currently in the California is currently in the 

process of energy deregulationprocess of energy deregulation

•• Impacts on ratesImpacts on rates•• Impacts on ratesImpacts on rates

•• Impact of energy sources usedImpact of energy sources used

•• Will it work??????Will it work??????



COSTSCOSTS of Renewable Energyof Renewable Energy



Energy ConservationEnergy Conservation
•• What can What can YOUYOU do???do???

––Personal energy                          Personal energy                          
audit...audit...
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