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CHAPTER 16 

Renewable Energy 
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Solar thermal power in southern 

California 
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Renewable-energy use in the United 

States 
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Putting solar energy to work 

ÅSolar energy originates from the Sunôs 
thermonuclear fusion 

ÅSolar constant: radiant (solar) energy reaching Earth 

ÅEnergy ranges from ultraviolet to visible to infrared 
(heat) 

Å50% of the energy makes it to Earth, 30% is reflected, 
20% is absorbed by the atmosphere 

ÅThe amount of sunlight reaching Earth is almost 
unbelievable 

ÅFull sunlight delivers 700 watts/m2 to Earthôs surface 

Å700 MW of power (equals a large power plant) 
delivered to 390 mi2 

ÅThe Sun delivers 10,000 times the energy used by 
humans 
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The solar-energy spectrum 
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Using solar energy 

ÅUsing solar energy does not change the biosphereôs 

energy balance 

ÅEnergy absorbed by water or land, in photosynthesis, 

or used by humans is ultimately lost as heat 

ÅSolar energy is abundant but diffuse 

ÅVaries with season, latitude, and atmospheric 

conditions 

ÅUsing solar energy requires turning a diffuse, 

intermittent source into a form (fuel, electricity) that 

can be used 

ÅCollection, conversion, and storage of solar energy 

are difficult and must be cost effective 
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The principle of a flat-plate solar 

collector 
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Solar space heating 

ÅFlat-plate collectors can be used for space heating 

ÅThey are less expensive and can be homemade 

ÅIt is necessary only to have air circulate through the 

collector box 

ÅEfficiency is gained if collectors are mounted to allow 

convection to circulate the heated air into areas to 

be heated 
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Passive hot-air solar heating 
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Earth hall 
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Energy Stars 

ÅA well-designed solar-energy building can reduce 

bills 

ÅWith added construction costs of only 5ï10% 

Å25% of our energy use is for space and water 

heating 

ÅSolar design can save oil, natural gas, and coal 

ÅIn 2001, the EPA extended its Energy Star Program 

to buildings using at least 40% less energy and 

meeting other criteria 

ÅBy 2008, 4,100 buildings had saved $1.5 billion/yr 
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Criticizing solar heating misses the 

point 
ÅSolar heating is criticized for needing a backup 

heating system 

ÅGood insulation minimizes this need 

ÅBackup can come from a small wood stove or gas 

heater 

ÅThis criticism misses the point:  

ÅThe objective of solar heating is to reduce 

dependency on conventional fuels 

ÅFuel demand  is reduced, and the economic and 

environmental costs are also reduced 
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Solar production of electricity 

ÅSolar energy can produce electrical power 

ÅProviding an alternative to coal and nuclear power 

ÅPhotovoltaic (PV) cells: a wafer of material 

ÅOne wire is attached to the top, one to the bottom 

ÅSunlight striking the wafer puts out 1 watt of power 

Å40 linked PV cells produce enough energy to light a 

lightbulb 

ÅPV cells are highly sophisticated 

ÅLight hitting the wafer causes an electron to go from 

the lower layer to the upper layer 
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Photovoltaic cell 
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Solar cells do not wear out 

ÅSolar cells convert light energy directly to electrical 
power 

ÅWith 15ï30% efficiency 

ÅCells have no moving parts and last about 20 years 

ÅSilicon, one of the most abundant elements, is the 
main material used in solar cells 

ÅThe cellôs cost lies mostly in its design and 
construction 

ÅCells are used in calculators, watches, toys, rural 
homes, pumps, traffic signals, transmitters, 
lighthouses, satellites 

ÅNet metering: rooftop electricity is subtracted from 
power use from the power grid 
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Cost 

ÅThe cost of PV power = 25 cents per kilowatt-hour 

ÅOther sources = 6ï12 cents per kilowatt-hour 

ÅMore efficient cells and less expensive technologies 

ÅDramatically reduce costs 

ÅProvide incentives for more applications, sales, and 

markets 

ÅThis industry is the fastest growing energy 

technology 

ÅIn 2008: existing PV panels turned sunlight into 

16,000 MW 
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Inverters: complicated yet necessary 

ÅAct as an interface between the solar PV modules 

and the electric grid or batteries 

ÅConvert incoming direct current (DC) to alternating 

current (AC) from the grid or for powering the devices 

ÅAlso act as a control that detects and responds to 

fluctuations in voltage or current 

ÅMust be robust enough to withstand the heat of 

attics for rooftop PV systems 

ÅCosts have declined, but are still substantial 

ÅBut they are eligible for subsidies 



© 2011 Pearson Education, Inc. 

PV system inverter 
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PV power plant 
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New PV technologies 

ÅCosts must decline to compete with other electricity 

sources 

ÅNew technologies are in production or close to it 

ÅThin-film PV cells: amorphous silicon or cadmium 

telluride 

ÅInstead of expensive silicon 

ÅThe film is applied to roofing tiles or glass 

ÅSilicon crystals are sliced to make SLIVERs 

ÅUses 10% of the silicon in normal cells 

ÅLight-absorbing dyes transmit energy to solar cells 

on the edge of the glass 

ÅLight passes through to conventional solar panels 
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Concentrated solar power (CSP) 

ÅTechnologies convert solar energy into electricity  

ÅReflectors (concentrators) focus sunlight on a 

receiver, which transfers the heat to a conventional 

turbogenerator 

ÅCSP works well in sunny, remote areas 

ÅSolar troughs: reflect sunlight onto a center pipe 

ÅHeat-absorbing liquid is heated to high temperatures, 

boiling water to produce steam for a turbogenerator 

ÅEnergy can be stored for release at night 

ÅThe Mojave Desert generates one-third the capacity 

of a nuclear power plant at a cost equal to coal-fired 

facilities 
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CSP technologies 

ÅPower towers: Sun-tracking mirrors focus sunlight 

onto a receiver mounted on a tower at the center of 

the area 

ÅHeated liquid flows to a heat exchanger to drive a 

turbogenerator or a tank to store the heat 

ÅA California facility generates electricity for 10,000 

homes 

ÅDish-engine system: parabolic concentrators focus 

sunlight onto a receiver 

ÅFluid is transferred to an engine that directly 

generates electricity at 30% efficiency 
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Power tower Solar Two 
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Solar dish-engine system 



© 2011 Pearson Education, Inc. 

The future of solar energy 

ÅSolar energy: a $20 billion industry and is growing 

rapidly  

ÅIt is hard to keep up with demand 

ÅBut solar energy does have disadvantages 

ÅTechnologies are more expensive than traditional 

energy sources (but subsidies help decrease costs) 

ÅA backup energy source, storage battery, or thermal 

storage for nighttime power is needed 

ÅMany areas are not sunny in winter 

ÅBut other energies also have disadvantages  

ÅMining, greenhouse gas emissions, nuclear waste, 

etc. 
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Matching demand 

Å70% of electrical demand is during the day ï we can 

use solar 

ÅWe can rely on conventional sources at night 

ÅAir-conditioning, the second largest power user (after 

refrigeration), is well-matched to energy from PV cells 

ÅSolar and wind can replace coal and nuclear 

electrical power 

ÅCan be planned and built in months, not years 

ÅCan be installed in small increments 

ÅHave less financial risk for utility companies 

ÅAre less vulnerable to terrorist attacks  

ÅCan provide energy for the 1.6 billion in poor nations 
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Indirect solar energy 

ÅEnergy from the Sun is the driving force behind 

dams, firewood, windmills, sails 

ÅThe force of falling water can turn paddle wheels 

ÅTo grind grain, saw logs, do other tasks 

ÅHydropower: hydroelectric dams use water under 

high pressure to drive turbogenerators 

ÅIn the U.S., it generates 6% of electrical power 

Å300 large dams mainly in the Northwest and 

Southeast 

ÅWorldwide, dams generate 19% of electrical power 

ÅIt is the most common form of renewable energy 
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Hoover dam 
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Trade-offs: benefits of dams 

ÅDams, especially large ones, have benefits and 

serious consequences 

ÅBenefits 

ÅThey eliminate the cost and environmental impacts of 

fossil fuels and nuclear power 

ÅDams provide flood control and irrigation water 

ÅReservoirs provide recreational and tourist 

opportunities 

ÅPumped-storage power dams can pump water to a 

higher reservoir for later use during peak times 
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Trade-offs: disadvantages of dams 

ÅReservoirs drown farmland, wildlife habitats, towns 

ÅLand of historical, archaeological, or cultural value 

ÅReservoirs displace rural populations 

ÅIn the last 50 years, 40ï80 million have been 

displaced 

ÅDams impede or prevent migration of fish 

ÅEven if ladders are provided 

ÅFish habitats are suffering 

ÅDams wreak havoc downstream 

ÅDecreased sediment reaches the riverôs mouth 
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Wind power 

ÅThe Horse Hollow Wind Energy Center in Texas 

ÅThe worldôs largest wind farm 

Å304 turbines on 47,000 acres produce electricity for 

260,000 homes 

ÅThe U.S. is the world leader in wind energy 

ÅGermany is second 

ÅWind capacity has increased 28%/yr 

ÅIt is economically competitive 

ÅIt could provide 12% of the worldôs electricity by 2020 
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Horse Hollow Wind Energy Center 
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Design 

ÅThe most practical design is using wind-driven 

propellers 

ÅThe propeller shaft is geared directly to a generator 

ÅWind turbine: a wind-driven generator 

ÅReliability and efficiency have reduced electric costs 

ÅWind farms: arrays up to several thousand turbines 

ÅProduce pollution-free power competitive with 

traditional sources 

ÅThe amount of wind that can be tapped is immense 

ÅWind farms in the Midwest could meet U.S. needs 

ÅFarmers are paid well to put turbines on their land 
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Drawbacks 

ÅWind is intermittent, so backup or batteries are 

needed 

ÅWind farms can be visually unappealing 

ÅTurbines can be hazardous to birds 

ÅWhen placed on migratory routes or in critical habitat 

ÅBut far fewer die than from cars, traffic, and windows 

ÅOffshore wind farms use dependable, strong winds 

ÅThey have less of a visual impact 

ÅLand does not need to be bought 

ÅNew turbines in 2008 displaced emissions from 40 

coal plants 
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Biomass energy 

ÅBurning firewood for heat: the oldest form of energy 

ÅRenamed ñutilizing biomass energyò 

ÅBiomass energy: energy derived from present-day 

photosynthesis 

ÅLeads hydropower in U.S. renewable energy 

ÅMost is used for heat 

ÅProduced by burning wood or municipal waste, 

generating methane, or producing alcohol 
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Burning firewood 

ÅWith enough forests, burning firewood (fuelwood) 

can be a sustainable energy resource 

ÅThe primary cooking and heating source for 2.6 billion 

ÅFive million U.S. homes use only wood stoves for 

heat 

ÅAnother 20 million use them for some heating 

ÅPellet stoves use compressed pellets made from 

wood wastes 

ÅThey need little attention and they burn efficiently 
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Pellet stove 
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Fuelwood crisis? 

ÅConsumptive fuelwood use: people get wood from 
forests for their daily needs 

ÅProductive use: people convert wood into charcoal 
to sell 

ÅBoth can degrade local forests and woodlands 

ÅGlobal fuelwood use peaked in the 1990s and is 
declining 

ÅWith development, people switch to fossil fuels 

ÅThe Millennium Ecosystem Assessment judged that 
fuelwood demand is not a significant cause of 
deforestation 

ÅBut it could be if fossil fuel costs continue to increase 

ÅThere are also local areas of concern 
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Burning wastes 

ÅFacilities can generate electricity from burning 

ÅMunicipal wastes (waste-to-energy) 

ÅWood wastes: sawmills, woodworking companies 

ÅCane wastes: sugar refineries 

ÅOlive oil wastes: provides electricity to 100,000 homes 

in Spain 

ÅThe power may meet only a small percent of 

electrical needs 

ÅBut it is a productive, inexpensive way to dispose of 

biological wastes 
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Producing methane 

ÅBiogas: anaerobic digestion of sewage sludge to 
produce methane 

ÅNutrient-rich sludge for fertilizer 

ÅAnimal manure can also be digested 

ÅMillions of Chinese farmers have digesters: 
underground fermentation chambers with a dome on 
top to store gas 

ÅFermented agriculture wastes (pig manure, cattle dung) 

ÅBiogas is used for cooking, heating, lighting 

ÅThe residual slurry is used for fertilizer 

ÅIndia and China provide subsidies for home biogas 
plants 
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Biogas power 
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Renewable energy for transportation 

ÅThe most critical need for a sustainable energy 

future: a new way to fuel vehicles 

ÅBiofuels: complex organic matter (plant and animal 

waste) 

ÅEthanol and biodiesel 

ÅBiofuels produce only 1% of global transportation 

fuels 

ÅBut they are expanding rapidly 

ÅHigh oil prices, new technologies, farmer support, 

subsidies, environmental concerns 

ÅSources come from agricultural and food commodities 
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Ethanol 

ÅProduced by the fermentation of starches or sugar 

ÅUsing corn, sugarcane, sugar beets, or other grains 

ÅProduction costs make it more expensive than oil 

ÅUntil oil sells for more than $55/barrel 

ÅGasohol: 10% ethanol, 90% gasoline 

ÅWidely used in the U.S. Midwest 

ÅProvides another corn market to help local economies 

ÅThe U.S. uses 10 billion gallons (240 million 

barrels)/yr 

ÅEqual to 160 million barrels of oil (ethanol contains 

two-thirds the energy of regular gasoline) 
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Farm production 

Å25% of  U.S. corn is dedicated to ethanol 

ÅEthanol facilities also produce corn oil and livestock 

feed 

ÅFuture production will reach 12.6 billion gallons/yr 

ÅThe 45 cent/gallon tax credit helps it compete with oil 

ÅA renewable fuel standard (RFS) 

ÅRequires renewable fuel in gasoline  

ÅMandated 9 billion gallons of renewable fuels in 2008 

ÅIncreasing to 15 billion gallons by 2015 

ÅThe 2002 36 billion gallon target will also use other 

sources 
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Can ethanol reduce oil imports and 

emissions? 
ÅEthanol equals 5% of U.S. gasoline consumption 

ÅIt could rise to 15% if all corn were used (impossible) 

ÅNo more farmland is available for expansion 

ÅIt may have contributed to recent increases in food 
costs 

ÅProducing (fertilizer, pesticides, machines), 
transporting, and operating ethanol plants use fossil 
fuels 

ÅReplacing oil with ethanol reduces greenhouse 
gases 13% 

ÅThe primary strategy for ethanol?  

ÅReducing reliance on imported oil 
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Second-generation biofuel 

ÅMade from cellulosic feedstocks 

ÅCrop residues, grasses (switchgrass), logging 

residues, fast-growing trees, fuelwood 

ÅMiscanthus: a giant perennial grass   

ÅGrows in poor soils 

ÅOutproduces corn and other grasses 

ÅCellulosic technology uses enzymes to break 

cellulose 

ÅCheaper and more energy efficient 

Å11 plants are being constructed in the U.S. 

ÅA $1.01 tax credit helps increase this industry 
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Air quality 

ÅEthanol substitutes for methyl tertiary butyl ether 

(MTBE) 

ÅA fuel additive that makes cleaner-burning gasoline 

ÅReformulated gasoline: contains additives to improve 

air quality 

ÅMTBE is carcinogenic in animals 

ÅIt is showing up in water supplies 

ÅThe Energy Policy Act refused to grant the oil 

industry liability protection against MTBE 

ÅThe industry is turning toward ethanol 
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Biodiesel 

ÅBiodiesel: made largely from soybean oil 

ÅBut can come from any natural oil or fat 

ÅEven from recycled vegetable oil from frying 

ÅCompetitive with petroleum diesel fuel 

Å$1/gallon tax credit 

ÅEquals 1% of U.S. diesel fuel transportation use  

ÅOffbeat technologies can produce biodiesel 

ÅOne Missouri plant uses turkey wastes 

ÅConverts 250 tons/day of wastes into 20,000 gallons 

at a profit, plus fertilizer from wastes 
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Hydrogen: highway to the future? 

ÅConventional cars can be adapted to run on 

hydrogen gas 

ÅHydrogen is not a fuel but an energy carrier ï like 

electricity 

ÅIt must be generated using another form of energy 

ÅThe only major by-product of burning H2 is water 

Å2H2 + O2   Ÿ    2H2O + energy 

ÅThere is almost no hydrogen gas on Earth 

ÅAtmospheric gas is ignited by lightning to form water 

ÅSoil bacteria produce hydrogen, which other bacteria 

use 

ÅElemental hydrogen is combined with other elements 
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Hydrogen can be extracted from water 

ÅElectrolysis: extracting hydrogen from water 

ÅRequires an input of energy 

ÅHydrogen can be derived from hydrocarbon fuels  

ÅSuch as methane, petroleum oil, methyl alcohol 

ÅMore energy is put into the process than is in 

hydrogen 

ÅIt is better to use the hydrocarbons directly 

ÅUsing hydrogen requires an cheap, abundant, 

nonpolluting energy source 

ÅSolar energy 
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Plants do it 

ÅPhotosynthesis splits water into hydrogen and 

oxygen 

ÅUsing light energy 

ÅOne method can mimic this process: a catalyst of 

cobalt and phosphorus can be used to split water 

ÅThe electricity could come from solar cells 

ÅIt operates in neutral water and ambient temperature 

and pressure 

ÅAnother process uses electrolysis to pass an electric 

current through water 

ÅHydrogen gas is collected, compressed, and stored 
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Electrolysis has drawbacks 

ÅIt is hard to store enough hydrogen to allow a vehicle 

to travel long distances 

ÅCompressing hydrogen requires energy 

ÅReducing the energy efficiency involved 

ÅHydrogen can be combined with metal hydrides to 

absorb the gas and release it when needed 

ÅMost hydrides are too heavy to use 
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Solar energy to hydrogen 

ÅArrays of solar-trough or PV generating facilities 

would produce electricity 

ÅIn deserts of the southwestern U.S. 

ÅThe electrical power would produce hydrogen by 

electrolysis 

ÅHydrogen would be moved through underground 

pipes 

ÅThey already exist 

ÅAdditional pipes would be expensive 
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The Model U 

ÅFordôs concept car 

ÅIts internal combustion engine runs on hydrogen 

ÅIt has a range of 300 miles 

ÅBut there must be a hydrogen-fueling infrastructure 

ÅCars like the Model U would be replaced by fuel cells 

ÅFuel cells: devices that chemically combine 

hydrogen or some other fuel with oxygen 

ÅProduces an electrical potential, instead of burning 

ÅEmissions are water and heat 
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Fuel cells are being used 

ÅFuel cells are 45ï60% efficient (combustion engines 
= 20%) 

ÅVehicles have hundreds of fuel cells in a fuel-cell 
stack 

ÅAlong with a hydrogen storage device, a cooling 
system, and a device to force oxygen into the fuel cell 

ÅFuel cells power buses all over the world 

ÅGMôs Hy-wire and Sequel have no engine 
compartments 

ÅBy-wire systems: electronically controlled units that 
replace steering, braking, and other mechanisms 

ÅAll major car manufacturers are developing concept 
cars 
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Hydrogen-oxygen fuel cell 
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Geothermal energy 

ÅAround the world, springs yield hot, almost boiling, 

water 

ÅThese areas also have natural steam vents and other 

thermal features 

ÅThese features occur where the hot molten rock of 

Earthôs interior is close enough to heat groundwater 

ÅNear volcanic regions 

ÅGeothermal energy: using naturally heated water or 

steam to heat buildings or produce electricity 

ÅIn 2008, geothermal energy provided electricity 

equal to 10 large nuclear or coal-fired power plants 
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Geothermal energy 
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The U.S.: world leader in geothermal 

energy 
ÅThe Geysers, 70 miles north of San Francisco 

ÅThe largest electrical generating geothermal facility 

ÅHomes and buildings are also directly heated  

ÅEspecially in Japan and China 

ÅEnhanced geothermal systems (EGS): produce 
electricity 

ÅHoles are drilled into granite that holds high 
temperatures 

ÅWater is injected into one hole and turns to steam 

ÅThe steam flows up another hole to a power plant 

ÅThe U.S. has widespread underground heat 

Å$1 billion should be invested in EGS technology 
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Heat pumps 

ÅEarth can be used as part of a heat exchange 

system 

ÅFar more abundant than large geothermal power 

plants 

ÅThe ground extracts heat in winter and absorbs it in 

the summer 

ÅEliminates separate heating and air-conditioning 

systems 

ÅA geothermal heat pump (GHP) system: uses loops 

of buried pipes filled with antifreeze solution 

ÅAir is moved through the pump and the house 

ÅHigh costs are offset by being trouble-free and 

long-term savings 
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Geothermal heat pump system 
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Tidal and wave power 

ÅThe twice-daily rise and fall of ocean tides have a 

phenomenal amount of energy 

ÅTidal barrage: a dam is built across the mouth of a 

bay 

ÅIncoming and outgoing tides turn the turbines 

Å30 locations have tides high enough for this use 

ÅNorth America has one location: the Bay of Fundy 

ÅAdverse environmental impacts  

ÅTraps sediments, impedes fish migration, prevents 

navigation, and changes water circulation patterns 
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Ocean waves 

ÅIt may be possible to harness energy in waves 

ÅBut the technology is challenging 

ÅThe ideal location must: 

ÅReceive the waveôs force before it hits the sea floor 

ÅBe close to shore to hook up with transmission cables 

ÅBe deep enough not to crash to the floor during 

storms 

ÅThe U.S.ôs Pacific Northwest region qualifies 

ÅThis technology is still in the early research and 

development stage 
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Ocean thermal-energy conversion 

(OTEC) 

ÅMost oceans have a thermal gradient between warm 
upper surface water and cool, deep water 

ÅOTEC uses this temperature difference to produce 
power 

ÅWarm surface water heats and vaporizes ammonia to 
drive a turbogenerator 

ÅCool water recondenses the ammonia 

ÅThere is little interest, due to its low economic 
promise 

ÅUnless it can be coupled with other operations (e.g.,  
cooling buildings) 
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Policies for a sustainable energy future 

ÅGlobal issues are clear: 

ÅOil and gas will not last long 

ÅFossil fuels produce pollution and greenhouse gases 

ÅRenewable energy means sustainable energy 

ÅGlobal targets need to stabilize levels of greenhouse 

gases 

ÅThey must have a sustainable-energy development-

and-consumption pattern based on renewable energy 

ÅEnergy conservation and efficiency: focus on 

consumption by increasing mileage standards and 

energy efficiency 
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National energy policy 

ÅThe U.S. has a serious oil-transportation problem 

Å$500,000 leaves the U.S. each minute for imported oil 

ÅThe U.S. has a serious energy security problem 

ÅWe are vulnerable to terrorism and whims of others 

ÅPolicy responses for U.S. energy include 

ÅThe 2005 Energy Policy Act 

ÅThe 2007 Energy Independence and Security Act 

ÅThe 2009 American Recovery and Reinvestment Act 

ÅGave $43 billion to renewable energy and 

conservation 

ÅIntends to double energy from renewables by 2012 
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Final thoughts 

ÅThe U.S. is making a serious effort to develop 

renewable energy sources and increase efficiency 

ÅWe are also trying to move to a hydrogen economy 

ÅCurrent policy also promotes further use and 

development of fossil fuels 

ÅU.S. oil prices have been extremely low 

ÅRising prices make consumers buy efficient or hybrid 

cars 

ÅA carbon tax levied on fuels based on their carbon 

emissions would encourage non-taxed renewable 

energies 
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CHAPTER 23 

Sustainable 

Communities and 

Lifestyles 
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An introduction to sustainable 

communities 
ÅWaitakere City is the 6th largest city in New Zealand 

ÅIt suffered urban sprawl, traffic congestion, and 

pressure on natural areas 

ÅIts strategic plan ñGreenprintò aims to ñgreen the cityò 

ÅIt adopted Agenda 21 (a UN program for 

sustainability) and is working with indigenous people 

ÅWaitakere City has become an ecocity 

ÅUsing Maori principles of stewardship and ecological 

principles 

ÅProtecting natural areas and people, decreasing 

waste 
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Urban sprawl 

ÅUrban sprawl is very hard to define but can be 

described 

ÅIt has low-density residential areas, shopping malls, 

industrial parks, and other facilities 

ÅLinked by multilane highways 

ÅSprawl: city perimeters are continuously extended 

into the countryside 

ÅLittle planning  

ÅNo notion of where it will stop 

ÅFarms and natural areas are destroyed, highways are 

built, and old roads are expanded 
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New highway construction 
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Origins of urban sprawl 

ÅUntil the end of World War II, most people didnôt own 

cars 

ÅCities developed so people could walk most places 

ÅPeople used public transportation to go ñdowntownò  

ÅThe outer areas of the city ended at farms that 

provided food and natural areas 

ÅSmall towns and villages near cities served farmers 

ÅThe end of World War II brought profound changes 

ÅCities were less than pleasant: poor housing, 

inadequate sewer systems, pollution, noise, etc. 

ÅPeople wanted the American dream: their own home 
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The integrated city 
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Suburbs 

ÅConsumer goods were in short supply during WWII 

ÅWhen the war ended, people demanded goods 

ÅPeople bought mass-produced cars 

ÅGetting freedom from walking to work or transit lines 

ÅThey could move away from the city 

ÅReturning veterans and the resulting baby boom 

created a housing demand 

ÅDevelopers bought farms and natural areas 

ÅThe government provided low-interest mortgages 

ÅIt was cheaper to pay a mortgage than rent 
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Cities developed without plans 

ÅMushrooming development around cities lacked any 

plan 

ÅIt happened wherever developers got land 

ÅNo governing bodies existed to devise or enforce 

plans 

ÅCities were surrounded by autonomous entities 

(towns, villages, etc.) 

ÅLocal governments had to try to build enough 

schools, sewers, water systems, and roads to keep 

up with growth 

ÅLocal zoning laws kept commercial and residential 

areas separate 
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Urban sprawl 
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Highways 

ÅMovement of commuters into previously rural areas 

resulted in traffic congestion 

ÅThe Highway Revenue Act (1956) created the 

Highway Trust Fund  

ÅTaxing gasoline raised money exclusively for building 

roads 

ÅThe trust fund perpetuates development 

ÅA new highway encourages development at farther 

locations 

ÅWorkers willingly spend 20ï40 minutes commuting 
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A vicious cycle 

ÅNew highways fostered development of open land 

ÅTraffic conditions became as congested as ever 

ÅAverage commuting distance has doubled 

ÅBut average commuting time has not changed 

ÅMore fuel is required, which generates more money 

for the Highway Trust Fund, which builds more roads 

ÅGovernment policy promotes urban sprawl 

ÅResidential developments are followed by malls, 

industrial parks, big-box stores, office complexes 

ÅThe only access is by cars on multilane highways 
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The new-highway traffic-congestion 

cycle 
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The development cycle spawned  

by the Highway Trust Fund 
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Dimensions and an index of sprawl 

ÅSprawl is the process where the spread of 

development across the landscape exceeds 

population growth 

ÅWidely dispersed populations in low-density 

developments 

ÅMeasure residential density 

ÅSeparated homes, stores, workplaces 

ÅMeasure neighborhood mix of these three 

ÅA network of roads marked by poor connections 

ÅMeasure accessibility of the street networks 

ÅA lack of well-defined downtowns and activity centers 

ÅMeasure strength of activity centers and downtowns 
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The sprawl index 

ÅA higher index means less sprawl 

ÅResults of the sprawl index ranged from 14 to 178 

ÅThe most sprawl: Riverside-San Bernardino, 

California 

ÅThe least sprawl: New York City 

ÅEven if an area has a high score, it doesnôt mean 

sprawl is not a problem 
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Sprawl scores for 83 metropolitan 

areas 
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Environmental impacts of urban sprawl 

ÅEnergy resources: car use of petroleum has tripled  

ÅTransportation causes 28% of greenhouse gas 

emissions 

ÅAir pollution: many cities donôt meet air quality 

standards 

ÅCars cause 80% of air pollution and release of CO2 

ÅWater: pavement increases runoff, flooding, erosion 

ÅFertilizers, pesticides, oil, etc. degrade water quality 

ÅLoss of agricultural land: 1.3 million acres/year 

ÅFood now travels 1,000 miles from commercial farms 

ÅLoss of landscapes and wildlife: 1.8 million acres/year  

ÅFragmentation threatens species 
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Conversion of land to developed uses 
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Impacts of sprawl on quality of life 

ÅHigher vehicle ownership and driving mileage: cars 

are driven more miles per person in high-sprawl 

areas 

ÅFor example, chauffeuring kids, shopping 

ÅMore traffic fatalities 

ÅLess physical activity and greater health risks: more 

driving leads to weight gain and higher blood 

pressure 

ÅCongestion and higher costs: moving to the suburbs 

does not stop congestion 

ÅTaxes are raised for infrastructure (schools, sewers, 

roads) 
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The benefits of urban sprawl 

ÅQuality-of-life issues are decisive for people 

ÅThe issues are heavily weighted in favor of sprawl 

ÅLow-density housing, larger homes and lots, better 

schools, lower crime, better social services 

ÅLower housing costs, more homogeneous 

communities 

ÅNet benefits? Several perceived benefits actually 

have serious negative side effects for society 

ÅThe poor stay in high-density, inner-city, or older 

suburban communities 
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Reining in urban sprawl: smart growth 

ÅLaws may control exurban development 

ÅEuropean countries, Japan 

ÅThe U.S. strongly favors the right to use property 

ÅRestrictions are politically impossible 

ÅSmart growth: addresses sprawl and purposely 

develops in environmentally sustainable ways 

ÅGrowth will occur, but it must be sustainable 

ÅZoning laws 

ÅArchitects and developers focus on creating 

integrated communities 
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Principles of smart growth 

ÅCreate a range of housing opportunities and ranges 

ÅCreate walkable neighborhoods 

ÅEncourage participation by everyone 

ÅFoster distinctive, attractive neighborhoods 

ÅMake development decisions predictable, fair, cost-

effective 

ÅPreserve open space, farmland, natural beauty, 

critical areas 

ÅProvide a variety of transportation choices 

ÅStrengthen and direct development to existing 

communities 

ÅUse compact building design 
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Urban blight 

ÅIn the developed world, exurban blight causes urban 

decay (blight) 

ÅIn the developing world, urban blight results from 

people moving to the city 

ÅFar beyond the capacity of cities to absorb them 

Å800 million live in urban slums in almost every city  

ÅUrban blight in developed nations 

ÅWith affluence, people left cities (white flight) 

ÅExcluding the poor, elderly, minorities, the disabled 

ÅDiscriminatory lending practices by banks 
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Abandoned buildings 
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Urban blight in developing countries  

ÅOne-third of people in developing-world cities live in 

slums 

ÅNo water, sewers, land ownership 

ÅCrime, disease, AIDS, tuberculosis 

ÅThese cities are expected to continue growing due to 

population growth and immigration 

ÅRural areas donôt have the jobs needed 

ÅThe cityôs housing supply is overwhelmed 

ÅPeople canôt afford the rent for any houses available 

ÅThey construct their own dwellings and build their own 

infrastructure 
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Shantytown in Nairobi, Kenya 


