
Top 10 Myths about Sustainability: Which Do You Believe?  

Solutions for Sustainable Progress

Power 
UP the 
Grid!

page 52

Obama’s
Climate 
Challenge
How 2009 will 
Make or Break 
His Co2 Strategy

Biofuels 
The Next 
(and Better) 
Generation

Arctic 
Landgrab 
Melting Ice 
Triggers a race 
for Polar riches

PLUS
Saving America’s 
Most Vital Aquifer
Investor John doerr’s 
Plan for a Green Boom
Low-Carbon Diets

© 2009 SCIENTIFIC AMERICAN, INC.

http://www.chinahourly.com/slideshow


BETWEEN CONSUMING LESS AND CONSERVING MORE, 

THERE IS ONE IMPORTANT WORD: HOW.

AND IT IS THE HOW THAT MAKES ALL THE DIFFERENCE.

© 2008 Lockheed Martin Corporation

lockheedmartin.com/how

sa408LH9pd: SciAm_template  3/24/08  9:05 AM  Page 1

http://www.chinahourly.com/slideshow


w w w.Sc iAmEar th3 .com 1

40

Volume 19, Number 1, 2009 Cover photoillustration by Splashlight

POLITICS

24  Winning the Carbon Game
Here’s what Obama and Congress must do to pass cli-
mate legislation and reach global agreements in 2009.
By Chris Mooney

WATER

32  Saving the Ogallala Aquifer
The massive water source feeds the middle third of 
the country but is disappearing fast.
By Jane Braxton Little

COVER STORY: PERCEPTIONS

40  Top 10 Myths  
about Sustainability
Even advocates for more responsible, environmental-
ly benign ways of life harbor misunderstandings of 
what “sustainability” is all about.
By Michael D. Lemonick

BIOTECHNOLOGY

46  The Next Generation  
of Biofuels
Industrial researchers are rapidly developing gasoline 
substitutes made from (or by) grass, algae and geneti-
cally engineered microorganisms.
By Melinda Wenner

INFRASTRUCTURE

52  Giving the Grid  
Some Backbone
The U.S. needs a high-voltage transmission system to 
deliver plentiful energy from wind and sunshine to 
power-hungry cities. At least one plan has emerged.
By Matthew L. Wald

NATURAL RESOURCES

58 Arctic Landgrab
Five nations are jockeying to claim vast lands, rich in re-
sources, that underlie the polar region. Better science, 
and better laws, will be needed to prevent aggression.
By Jessa Gamble

BUSINESS

64  Companies Pull  
the Climate Lever
Companies can best influence public climate policy 
by building their own environmental credibility.

 By Auden Schendler

24

46

52

58

pr
en

ti
ce

 d
an

n
er

  
AP

 P
ho

to
/U

.S
. C

oa
st 

Gu
ar

d 
(s

hi
p)

© 2009 SCIENTIFIC AMERICAN, INC.

http://www.chinahourly.com/slideshow


e3

2 Sc ient i f i c Amer ican Ear th 3 .0

DEPARTMENTS
 3 Editor’s Letter

 4 Inspirations
Reinventing the chestnut. Aiding elephants. 
Do you charge this way in San Jose?

12 View
Where the haves and have-nots live. Coal ash 
catastrophe. Venture capital investments. 

16 Front Lines
16  The Green Road to Prosperity
By John Doerr

18  More Sustainable Cities 
By William E. Rees

19  Time to Think Hydro
By Linda Church Ciocci

20 Beware of Warming Sickness
By Katherine M. Shea

21 Financing Energy Efficiency
By Daniel M. Kammen

22 Clean Tech: Force It or Fund It?
By Stephen D. Solomon

68 Future Solutions
Airlines are checking out some 
greener fuels for flying.

70 EcoTravel
Photo safaris bring ’em back alive.

74 Living Green
A California chef and a climate scientist 
offer a recipe for sustainable eating.

78 Being Green
Are scooters polluters? Brightest bulbs in 
the box. Get paid to produce power.

80 Buying Green
Virtual sleep. Bug busters.  
Pickin’ wheat. Sheep’s clothing.

83 Resources
Tools, activities, books, multimedia, 
exhibits and more.

84 Role Model
Boston’s proper slant on condo living.

6

80

78

18

Scientific american earth 3.0’s interior pages are printed on paper that contains 80 percent recycled content, including 20 percent postconsumer waste, and that is processed chlorine-free.  
the magazine’s covers contain 10 percent postconsumer waste.

Scientific american earth 3.0 (iSSn 1936-1513), Volume 19, number 1, 2009, published by Scientific american, inc., 415 Madison avenue, new York, nY 10017-1111. copyright © 2009 by Scientific american, 
inc. all rights reserved. no part of this issue may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording for public or private use, or by any 
information storage or retrieval system, without the prior written permission of the publisher. canadian Bn no. 127387652rt; QSt no. Q1015332537. to purchase additional quantities: U.S., $10.95 each; 
elsewhere, $13.95 each. Send payment to Scientific american, dept. e32008, 415 Madison avenue, new York, nY 10017-1111. inquiries: fax 212-355-0408 or telephone 212-451-8442. printed in U.S.a.

70

Martin teSSler 

© 2009 SCIENTIFIC AMERICAN, INC.

http://www.chinahourly.com/slideshow


ed
ito

r’s
 le

tte
r

E3

w w w.Sc iAmEar th3 .com 3

EDITOR IN CHIEF: John Rennie 
EXECUTIVE EDITOR: Mariette DiChristina 

MaNagINg EDITOR: Mark Fischetti 
CONTRIbUTINg EDITOR: David Biello 
IssUE aRT DIRECTOR: Lucy Reading-Ikkanda 
CONTRIbUTINg DEsIgNER: Jen Christiansen 
IssUE PHOTOgRaPHY EDITOR: Maxine Arthur 
PRODUCTION EDITOR: Richard Hunt 

COPY DIRECTOR: Maria-Christina Keller  
COPY CHIEF: Daniel C. Schlenoff 
COPY aND REsEaRCH: Ann Chin, Rachel Dvoskin, 
Aaron Fagan, Aaron Shattuck, Kenneth Silber,  
Kevin Singer, Michelle Wright 

EDITORIaL aDMINIsTRaTOR: Avonelle Wing 
sENIOR sECRETaRY: Maya Harty 

assOCIaTE PUbLIsHER, PRODUCTION:  
William Sherman  
MaNUFaCTURINg MaNagER: Janet Cermak  
aDVERTIsINg PRODUCTION MaNagER:  
Carl Cherebin  
PREPREss aND QUaLITY MaNagER:  
Silvia De Santis  
PRODUCTION MaNagER: Christina Hippeli  
CUsTOM PUbLIsHINg MaNagER:  
Madelyn Keyes-Milch 

MaNagINg DIRECTOR, CONsUMER MaRkETINg:  
Christian Dorbandt 
assOCIaTE DIRECTOR, CONsUMER MaRkETINg:  
Anne Marie O’Keefe 
sENIOR MaRkETINg MaNagER/RETENTION: 
Catherine Bussey  
FULFILLMENT aND DIsTRIbUTION MaNagER:  
Rosa Davis 

VICE PREsIDENT aND PUbLIsHER:  
Bruce Brandfon  
DIRECTOR, gLObaL MEDIa sOLUTIONs: 
Jeremy A. Abbate 
saLEs DEVELOPMENT MaNagER: David Tirpack  
saLEs REPREsENTaTIVEs: Gary Bronson,  
Jeffrey Crennan, Thomas Nolan, Stan Schmidt

PROMOTION MaNagER: Diane Schube 
REsEaRCH MaNagER: Aida Dadurian  
PROMOTION DEsIgN MaNagER: Nancy Mongelli 

VICE PREsIDENT, FINaNCE, aND  
gENERaL MaNagER: Michael Florek  
bUsINEss MaNagER: Marie Maher  
MaNagER, aDVERTIsINg aCCOUNTINg aND 
COORDINaTION: Constance Holmes 

DIRECTOR, aNCILLaRY PRODUCTs:  
Diane McGarvey  
PERMIssIONs MaNagER: Linda Hertz  

PREsIDENT: Steven Yee 
MaNagINg DIRECTOR, INTERNaTIONaL:  
Kevin Hause 
VICE PREsIDENT: Frances Newburg

HOW TO CONTACT US

For Editorial Inquiries and Reprint Orders: 
editors@SciAmEarth3.com

For advertising Inquiries: 
www.SciAm.com/mediakit

For Permission to Copy or Reuse Content: 
www.SciAm.com/permissions

Don’t stop Now

it’s happening again. In the 1970s, when oil prices soared, Ameri-
cans started pursuing alternative energy technologies. But when pric-
es subsequently dropped, so did the promising projects. As recently as 
six months ago consumers, CEOs and politicians were hell-bent for 
green technologies, but then the recession worsened, oil prices plum-
meted and calls rose to postpone clean tech options.

Begging off now would be a terrible waste. In an incredibly short 
time, impressive business, technological and political gains have been 
made. Venture capital investment in clean tech hit an all-time high in 
2008 (page 15). Airlines are making test flights powered by biofuels 
(page 68). And President Barack Obama—exploiting unprecedented 
political will to clean up the planet—has promptly set the federal gov-
ernment on a course to confront climate change (page 24).

The U.S. and the rest of the world cannot cave in to a temporary 
dip in energy prices and the economy. Rest assured, both will rise 
again. Fossil-fuel dependence remains a grave problem: production 
cutbacks by the Organization of the Petroleum Exporting Countries 
were already pushing oil prices back up in January. Global warming 
still looms as highly dangerous, in part because China has announced 
it will increase coal production by 30 percent by 2015 to meet its en-
ergy needs. 

Clearly, we should continue to pursue clean technology aggressive-
ly, if for no other reasons than to create millions of jobs and to put the 
country in a strong competitive position. Even venture capitalists, 
whose sole metric is profit, say we must stay on the offense. As John 
Doerr, partner at Kleiner Perkins Caufield & Byers, writes on page 
16, the best response to our concurrent economic, climate and energy 
security crises “is a bold, coordinated campaign of investment and in-
centives to accelerate green innovation.” Let’s press on toward solu-
tions for sustainable progress. 

Mark Fischetti
Managing Editor

editors@SciAmEarth3.com

Earth 3.0
1.0 the natural planet 
2.0 the industrialized planet 
3.0 the sustainable planet
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A New Aid for Elephants

German researchers say they have hit on a way to safeguard the 
world’s population of endangered Asian elephants: safely freeze the 
animals’ sperm. Elephants are notoriously tricky to breed in zoos, with 
high rates of miscarriages and infant mortality. Artificial insemination 
almost always fails because fresh sperm rarely survives the procedure 
intact. Suzan Murray, head veterinarian at the National Zoo in Wash-
ington, D.C., says an effective cryopreservation technique would “revo-
lutionize our ability to breed and maintain elephants in zoos.” Until 
now, however, a successful process had not been achieved.

The latest research was conducted by the Leibniz Institute of Zoo 
and Wildlife Research in Berlin. A team evaluated several ways of freez-
ing using combinations of chemicals to protect the reproductive cells. 
One of the methods resulted in slightly more than half the sperm test-
ing normal. Previously “no one was really able to freeze Asian elephant 
sperm so that enough of the cells were alive and moving,” team mem-
ber Robert Hermes says. Insemination trials will begin soon. 

 —Adam Marcus

Chestnut Trees Return

The imposing 100-foot American chestnut tree that once dominated 
forests in the eastern U.S. may soon return, fortified by a new resistance 
to an Asian fungus. That blight essentially wiped out the tree during the 
past century, altering entire forest ecosystems. Scientists are releasing a 
sixth-generation hybrid this year for planting in several locations, confi-
dent that it will show the resistance of its hardy Chinese cousin.

The hybridization began decades ago, when breeders crossed the 
American and Chinese chestnuts to obtain the resistance genes. But be-
cause the American variety grows up to 50 feet taller and lacks lower 
branches, the researchers have had to backcross repeatedly to recap-
ture those traits. The sixth generation should now have about 94 per-
cent American character and “should have high resistance to the 
blight,” says Sara Fitzsimmons, a research technologist at Pennsylvania 
State University’s School of Forest Resources who works on the project. 
She won’t rest assured, however, until the trees grow on national 
forest land for 10 years or so. Meanwhile scientists will continue to 
breed seedlings optimized for the sharply different local conditions 
from Maine to Georgia.

If the sixth generation shows the required resistance, Fitzsimmons 
foresees chestnut trees being available in garden centers in about 25 
years. And with oaks in decline because of gypsy moth infestation, the 
reemergence of hardy chestnuts would provide prodigious quantities of 
nuts for animals and valuable biodiversity. —Stephen D. Solomon
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No Recession for Green

Despite a poor economy, consumers are buying 
more eco-friendly products than ever. A study by 
the Boston Consulting Group of 9,000 adults across 
nine countries shows that 34 percent of consumers 
in 2008 “systematically” looked for and purchased 
green products, up from 32 percent in 2007. Even 
more surprising: 24 percent said that paying a high-
er price (within reason) was acceptable—4 percent 
more than the year prior. Although individuals  
are cutting back on expensive items such as hybrid 
cars, they are still spending on organic foods and 
LED lights. Survey respondents said lack of avail-
ability, not money, most often kept them from buy-
ing green products.  —Kate Wilcox

Masters of Sustainability 

With the challenges of climate change, hunger and dwindling freshwater supplies, educators 
have begun an academic movement to produce a new generation of leaders who will safe-
guard and help sustain essential resources. The MacArthur Foundation recently committed 

$15 million to jump-start a two-year master’s in development practice (MDP) 
program at a dozen institutions across the globe. Columbia Univer-

sity will be the first to offer the degree, starting in the fall of 
2009, and schools in various countries, including Ghana, 

Nigeria and China, may follow suit in the next few years. 
This effort is significant because “most of the 

training programs throughout the world do not ad-
dress sustainable development in a global way,” 
says Goolam Mohamedbhai, secretary general of 
the Association of African Universities and part of 
the MDP’s international commission. 

The MDP movement plans to rectify such gaps by 
creating an international classroom that cuts across 

disciplines—including public health, social science, 
physical science and management—as well as issues 
such as poverty, hunger, disease control and climate 
change. The program will link affiliated universities 
worldwide through real-time online lectures and dis-
cussion panels, plus six months of field training in de-
veloping countries. Organizers hope that eventually 
the MDP’s global classroom will inspire additional 
universities to adopt similar curricula. 

 —Victoria Stern

San Jose helps  
drivers plug in Charging Ahead

Owning a plug-in hybrid car just got a little easier … if you live in San Jose, 
Calif., that is. If so, you can now drive your car downtown, park and recharge 
your battery by plugging into the power supply on a nearby lamppost. Cou-
lomb Technologies in nearby Campbell has installed four charging stations in 
the city—three in a parking garage on 4th Street and one curbside across 
from city hall.

Using the company’s ChargePoint Network, subscribers receive a smart 
card that allows them to fuel up at any station. Users can pay for 10 sessions 
a month for $15 or all the way up to unlimited monthly access for $50. The 
charging station will work for fully electric vehicles as well as plug-in hybrids. 
Subscribers can visit Coulomb’s Web site to see in real time, via Google Maps, 
which stations are occupied or available. 

Coulomb hopes to keep expanding: it’s working to supply 40 charging 
stations at truck stops along several California highways, and distributors 
are set up in 28 states. CEO Richard Lowenthal points out that in large cities, 
where cars typically outnumber residential garage spaces, drivers have  
nowhere to plug in. Placing chargers at offices and public lots will make 
owning electric vehicles more convenient. “Right now this is mostly policy- 
driven,” Lowenthal says. “But when people see that electric cars can be 
compatible with daily life, it will start to be consumer-driven.” —Kate Wilcox
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Alan Russell (left) and Bruce Cook (right)

INSPIRATIONS

Slippery Surfaces Save Energy

In virtually all machinery, from your vacuum cleaner to factory assembly lines, oil or 
grease lubricates the moving parts to reduce friction. Friction wears out parts quickly 
and raises the energy expended in moving them. Anything that can cut such resistance 
should lengthen the life of machines and save energy. U.S. government estimates indi-
cate, for example, that even a modest improvement in the effi ciency of the common 
hydraulic pump could save American industry hundreds of millions of dollars in annual 
energy costs.

Aiming at such a result, researchers at the U.S. Department of Energy’s Ames Laborato-
ry in Iowa have developed a coating for machine parts that makes their exteriors consider-
ably slicker and more resistant to wear. Ten years ago Ames materials scientists Alan Rus-
sell and Bruce Cook discovered a ceramiclike alloy of boron, aluminum and magnesium—

nicknamed BAM—that exhibits exceptional hardness and extremely low surface friction.
When BAM is lubricated with standard fl uids such as water-based oil emulsions, it is 

more slippery than DuPont’s Tefl on coating (of nonstick cookware fame), Russell says. In 
tests, the substance signifi cantly outperforms most industrial coatings.

Engineers at companies including Eaton and Greenleaf are readying BAM for use on 
hydraulic pump parts, machine-tool cutting inserts and the nozzles of abrasive water-jet 
cutting tools. Although the fi rst of these products is still several months away from com-
mercialization, the patented material is currently available from a licensee, NewTech 
Ceramics in Des Moines.  —Steven Ashley Alan Russell (left) and Bruce Cook (right)A
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Engineers at companies including Eaton and Greenleaf are readying BAM for use on 
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Bike-Friendlier with Facebook

How can an already bike-friendly city such as Copenhagen entice even 
more of its citizens to ride? A research group led by Carlo Ratti of the 
Massachusetts Institute of Technology’s SENSEable City Lab hopes 
to fi nd out by distributing smart tags to cyclists that track the 
routes they take and allow them to connect with one another.

Together Copenhagen and M.I.T. will distribute by November 
about 1,000 smart tags, each costing less than $30 and subsi-
dized by the research group, so riders will have been using 
them for a time before the United Nations Climate Change 
Conference hosted by the city in December. As cyclists 
whiz past wireless hotspots, the tags will register pas-
sage, tracking bike routes taken. Back home, riders will 
be able to log on to Facebook to fi nd out which other rid-
ers crossed their path that day, as well as to see who has 
accrued the most miles—a kind of friendly competition.

Wider use of tags could help spur a city’s population 
to bike more instead of drive. And by examining where 
people are actually riding, Copenhagen could decide where to 
put bike lanes and monitor where bike congestion occurs. The city would 
receive only aggregated data to protect privacy, says Christine Outram, 
a researcher at the M.I.T. lab.  —Rachel Mahan
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Efficient Power in Any Wind

One of wind power’s drawbacks is its variability: 
sometimes the breeze is weak; other times it is 
strong. To convert the rotation of wind tur-
bines into electricity efficiently, however, 
generators require a single turning 
speed. Faster or slower than this “sweet 
spot” and efficiency falls off fast. To 
compensate, engineers design turbine 
hardware to have adjustable blade angles 
to shed surplus wind energy or to capture 
more. Wind turbines often also employ a 
transmission to gear the shaft speed up 
or down to the sweet spot. But both mech-
anisms add weight, complexity and cost.

ExRo Technologies in Vancouver is commercializing what should be 
a better idea: a generator that operates efficiently over a wide speed 
range. Retrofitted wind turbines could produce as much as 50 percent 
more power over time, CEO John McDonald states.

The device works much the same as a traditional generator, except 
that fast-acting electronic switches can engage individual generator coils 
as needed to harvest energy effectively at different wind speeds. An intel-
ligent controller turns on only a few coils at low speed and connects more 
at higher velocities. “This means that the generator has many sweet 
spots,” says McDonald, who likens the concept to a car engine that saves 
fuel by shutting down cylinders when the driver demands less power.

ExRo has successfully tested a prototype generator. The company 
and an industrial partner expect to start side-by-side trials of turbines 
with and without the new generators soon and plan to commercialize 
their product by the end of 2009.  —Steven Ashley

Forecasting Malaria

Malaria kills between one million and three million people in sub-Saharan 
Africa every year, most of them children. Disease outbreaks, which also 
include meningitis and dengue, have only recently been linked to variations 
in rainfall: more rain or drought can bring harsher epidemics. Using this 
understanding, scientists at Columbia University’s International Research 
Institute for Climate and Society (IRI) several years ago piloted an early-
warning system to forecast where the most devastating outbreaks will 
likely occur. Already the system has helped reduce cases of malaria in 
countries such as Botswana, Colombia and Senegal. 

Now the IRI has received $900,000 from Google.org to map emerg-
ing diseases in East Africa, focusing first on Ethiopia where almost two 
thirds of the population lives in epidemic-prone regions. By tracking 
where outbreaks frequently recur and overlaying predictions about 
rainfall patterns for the upcoming season, scientists can determine 
where the worst epidemics may be and give local people sufficient time 
to distribute antimosquito bed nets, initiate spray campaigns, and  
provide drugs and vaccines. 

Predicting weather patterns will never be 100 percent accurate, says 
Stephen Zebiak, director of IRI. Mapping hotspots, however, can help re-
duce the spread of these killers and save countless lives.  —Victoria Stern
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Ashokan Reservoir, New York State

Sweet generator 

Bright Lights, Clean Water

A water disinfection facility now under construction 30 miles north of Man-
hattan will use ultraviolet (UV) light to destroy waterborne pathogens in the 
reservoir pipes there that serve the Big Apple. New York City currently 
applies chlorine to kill waterborne organisms such as E. coli, Giardia and 
Cryptosporidium. But the U.S. Environmental Protection Agency has for a 
decade urged communities to cut back on the chemical as much as possible.

The UV facility, scheduled to turn on in 2012, is expected to be the 
world’s biggest. It will consist of 56 units that can each cleanse 40 million 
gallons a day. Individual units will contain 144 large, high-output UV 
lamps, which are similar to fluorescent lightbulbs but without the phos-
phor coating that protects people from prolonged exposure to UV rays. 
The light “alters the DNA of the bacteria in the water, making them un-
able to reproduce,” says Jason Cerny, lead mechanical designer at Trojan 
Technologies, the system’s manufacturer. 

San Francisco’s Tesla Portal drinking-water facility is also installing  
a set of 48 UV reactors made by Calgon Carbon to treat up to 320 million 
gallons of water daily.  —Larry Greenemeier

© 2009 SCIENTIFIC AMERICAN, INC.
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Sustaining Humanity
Preserving the planet includes improving  
the human condition. Here is who needs help  
the most and who can most afford to give it

Have-nots: People living on $2 or less a day. 

Note: Mapped areas of countries are proportional to the size of their described populations.  
Adjusted to U.S. dollars according to local purchasing power.  
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Haves: People living on $200 a day or more.

© 2009 SCIENTIFIC AMERICAN, INC.
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VIEW

Isolated spill? 
One billion 
sludgelike 
gallons of toxic 
ash waste from a 
coal-fired power 
plant burst last 
December from 
the giant surface 
pond storing it, 
swamping  
300 acres of  
land west of 
Knoxville, Tenn.

Number of such 
storage ponds  
in the U.S.: 156

Urban cool: City dwellers produce, on 
average, less CO2 from fossil fuels than 
suburban or rural residents, who use 
vehicles and outdoor equipment more.

mapping speCialists (map); sourCes: the VulCan projeCt, purdue uniVersity;  
peter blaCk and lisa moore environmental defense fund

Per Capita CO2 Emissions by County (tons)

2.42 2.99 3.75 6.58

Low High

Top 10 most populous cities are labeled

Los Angeles

San Diego

San Antonio
Houston

New York

Philadelphia

Listen to science:  
Sooner rather than later.

— Gilbert N. Plass, senior scientist,  
Aeronutronic Systems, Inc.,  
in Scientific American, July 1959 … 50 years ago! wade payne Ap photo (coal ash); sourCes: tennessee Valley 

authority; u.s. department of energy

Dallas

Chicago

San Jose

Phoenix
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Solar cleans up: Despite the 
 recession, venture capitalists 
boost clean technology funding.

Worldwide Clean 
Tech Venture 
Investment

2006
$4.52
billion

2007
$6.09
billion

2008
$8.41
billion

sourCe: CleanteCh group

Solar 40%

Biofuels 11%

Transportation 10%

Wind 6%

Smart grid 4%

Others 29%

© 2009 SCIENTIFIC AMERICAN, INC.
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Federal investment in entrepreneurs will create jobs, 
boost the economy and raise energy security

america is confronting three interrelated crises:  
an economic crisis, a climate crisis and an energy security  
crisis. The country’s best response to all three is a bold, coor
dinated campaign of investment and incentives to accelerate 
green innovation. Doing so will ensure that the U.S. becomes 
the worldwide winner in the next great global industry:  
green technologies.

Let me be blunt: we have not been doing enough. We must 
act now, with speed and scale. On speed, scientists say the next 
three to five years will determine our chances to avoid cata
strophic, irreversible climate change. On scale, science says  
we must cut global carbon dioxide (CO2) emissions to less than 
half of today’s levels.

Some people say we need an Apollo program or Manhattan 
Project. But those were merely multibilliondollar efforts in  
single government agencies. They fail to convey the scale of  
the challenge, which is to reindustrialize every city, state  
and country.

Bet on Entrepreneurs
Green technology has incredible potential. My firm alone has 
invested in 45 innovative ventures that can provide a greener 
future. Here are three examples:

Ausra, Inc., builds advanced solarthermal technology that 
produces utilityscale electricity. We found this tiny startup in 
Australia and helped it move to Palo Alto, Calif. And we helped 
hire additional worldclass engineers and managers. Ausra now 

has a longterm contract with Pacific Gas & Electric to supply 
almost 200 megawatts of power. Its costs are the cheapest of 
any utilityscale solar technology, and with further advances 
we believe it will compete with coalfired plants. Over several 
years Ausra plans to build two gigawatts of capacity, generat
ing 4,000 construction jobs, 1,000 operational jobs and clean 
power for more than 300,000 American homes, while avoiding 
2.5 million tons of emissions annually.

The second example involves a unified, national smart grid. 
Silver Spring Networks in Redwood City, Calif., works with 
utilities to install digital networks that allow consumers and 
utilities to control electricity usage, reducing waste—and emis
sions—while saving money. In just two years Silver Spring has 
networked more than 300,000 customers and signed contracts 
to network 10 million homes. The potential savings are 100 
million tons of CO2 and $16 billion. California’s experience 
suggests that a nationwide smart grid could create 500,000 
construction jobs and 280,000 permanent jobs.

The third example is an advanced battery venture still in 
“stealth mode.” The company’s breakthrough creates stable, du
rable lithiumion batteries with greater storage capacity. The re
sult will be electric vehicles that can travel up to three times as 
far—more than 100 miles—before recharging. Again, we found 
this team outside the U.S., but we persuaded them to build man
ufacturing plants that will create thousands of jobs in the Mid
west. The company will ship batteries at the end of this year. 
This technology could revitalize our automotive industry and 
preserve and create many jobs.

Notice the trend. Two of these ventures came from outside 
the U.S. Of today’s top 30 solar, wind and advanced battery 
companies, American firms hold only six spots. That should 
worry us. In the race to save the planet, we are not winning.

But one lesson I’ve learned is to never underestimate the pow
er of entrepreneurs. They do more than anyone thinks is possible 
with less than anyone thinks possible. Entrepreneurs are creating 

Five vital policies will drive the 
innovation that can reindustrialize 
every city and state.

The Green Road to Prosperity
By John Doerr, venture capitalist
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advanced solarphotovoltaic cells that could beat today’s elec
tricity costs without subsidies. They are designing wind turbines 
that generate electricity more cheaply than a new coalfired pow
er plant. They are converting millions of tons of municipal waste 
into clean electricity and fertilizer. And they are making next
generation biofuels from renewable, cellulosic sources rather 
than competing for foodstuffs or importing overseas oil.

Pass Vital Policies
Not all these innovators will succeed. But imagine if half of our 
cars were powered by electricity instead of imported gasoline. 
Or that half of our homes and businesses were powered by sun
light and wind instead of natural gas and coal. Entrepreneurs 
are working hard, but entrepreneurs and venture capitalists 
cannot do it alone. We need five vital policies that will drive in
vestment, innovation and jobs in green technology.
● 1  A unified, national smart grid. Now is the time to build the 
infrastructure for widescale deployment of our renewable en
ergy sources. We must be able to move, monitor and manage 
our electricity usage effectively.
● 2  A price on carbon and a cap on carbon emissions. We need 
to account for the true costs of emitting greenhouse gases. We 
cannot continue dumping 70 million tons of CO2 into our atmo
sphere every day as if it is a free, open sewer. A price on carbon 
will propel carbonless innovations such as solar cells, wind tur
bines and countless others to market, at scale, more quickly.
● 3  A national renewable portfolio standard. Standards im
posed by states have stimulated $65 billion in expenditures. A 
nationwide renewable portfolio standard will allow faster de
ployment of energy innovations, with more scale and more jobs. 

The U.S. Department of Energy projects that a 20 percent re
newable portfolio standard by 2030 would create 500,000 jobs, 
save consumers $128 billion through lower natural gas prices, 
and cut the same amount of greenhouse gas emissions as taking 
140 million automobiles off the road.
● 4  Utility regulations and incentives to encourage efficiency. 
We need to unleash utilities so they can invest in efficiency 
gains. Over 20 years efficiency programs run by California’s 
utilities have saved $56 billion and created 1.5 million jobs. 
Get this single federal policy right, and it will create the big
gest, fastest and most energyefficient engine for new jobs: for 
contractors, builders, engineers, project managers and more.
● 5  Serious funding for R&D&D (deployment) at scale. We 
need more federal funding for basic research. Today, with few 
exceptions, the Department of Energy spends less than $1 bil
lion for all renewable energy research. But we also need fund
ing for deployment—the second D in R&D&D. America needs 
federal grants and loan guarantees to show that these technolo
gies will work on a large scale. We should streamline the pro
cess, allow riskier bets and help to bring new technologies to 
market. Tax incentives for renewables and efficiency are anoth
er must. Let’s make tax incentives flexible enough to work in 
our current economy and be fully refundable, to encourage 
companies to invest in expensive scaling risks.

Energy is a $6trillion market, with four billion electricity 
users. It is the mother of all markets, perhaps the largest eco
nomic opportunity of the 21st century. With policy leadership, 
America can create millions of new green technology jobs and 
industries and repower the country’s economy. By acting quick
ly and investing in technologies and entrepreneurs to build 
American leadership in the New Green Economy, we have a 
unique opportunity to simultaneously address our economic, 
climate and energy security crises. •DI
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John Doerr is a partner at the venture capital firm of Kleiner Perkins 
Caufield & Byers in Menlo Park, Calif.
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Redesigning metropolitan areas as bioregional  
city-states can reduce our human footprint

london, paris, rome, new york. if civilization needed  
an icon, “the city” would be it. Half of humanity now lives in 
urban areas, a figure heading for 75 percent in coming decades. 

Or maybe not. The sprawling North American city in partic
ular is a product of the cheap energy and profligate consump
tion of a materially exuberant age that is rapidly coming to an 
end. Cities may well confront a triple specter of climate change, 
scarcity of energy and resources, and broken supply lines. Even 
the generally conservative U.S. National Intelligence Council 
(NIC) recently predicted that global demand for energy, food 
and water could easily outstrip supplies over the next decade or 
so, triggering tradedisrupting international conflicts.

This is unfamiliar ground. Since World War II, politicians 
and planners have shaped cities with no regard for resource use 
or ecological concerns. Today’s landgrabbing, autodominat
ed, fuelinefficient metropolises have evolved into parasitic 
black holes, sucking in excessive megatons of energy and mate
rials from all over the globe and spewing out volumes of (often 
toxic) waste. In North America, buildings and urban infra
structure account for 40 percent of material consumption and 

a third of energy use. Highincome cities have an ecological 
footprint—the dispersed area of land and water required to 
supply their needs and assimilate their wastes—that is several 
hundred times larger than their political areas.

All this must change. Climate science indicates that to have 
even a chance of avoiding a catastrophic increase in mean glob
al temperature, the worldwide economy must be largely de
carbonized by 2050. The NIC argues that the U.S. should  
actually complete its transition by 2025. Such goals pose an  
unprecedented challenge to urban authorities at all levels. 

To begin to meet that challenge, state and municipal govern
ments must create the landuse legislation and zoning bylaws 
that urban planners need to consolidate metropolitan areas 
and smartly raise their density. Compact cities can boost their 
inherent urban efficiencies to unprecedented heights by exploit
ing the following characteristics:

 A high proportion of multiplefamily housing, which reduc
es per capita consumption of land, infrastructure and just 
about everything else.

 Multiple options for recycling, reuse and remanufacturing 
of materials, along with skilled people for those activities.

 Carfree mobility, through investments that make walking, 
cycling and public transit viable. 

 Cogeneration of electricity and use of industrial waste heat 
to reduce per capita energy consumption.

 Improved livability with cleaner air, easy access to ameni
ties, and a greater proximity of shopping and employment.

Efficiency gains are not enough, however. Sustainability and 
security demand that cities become more selfreliant. Urban de
signers must rethink cities as complete ecosystems. The most re
silient option might be a bioregional citystate in which a densely 
builtup core is surrounded by supportive systems. Without be
coming isolationist, such bioregions would produce much of 
their own food, fiber and water and recycle their waste. By being 
less reliant on imports, they would be partially insulated from 
climate vagaries, global resource shortages and distant military 
conflicts. And because inhabitants would depend on local eco
systems, they would have a powerful incentive (currently absent) 
to manage their resources more sustainably. The aggregate effect 

would be global sustainability.
Seem over the top? Perhaps. But 

our rethinking of cities must match 
the challenge. Scientists are deeply 
worried; you should be, too. If we 
can’t save our cities, we won’t save 
ourselves. •

The best option may be a built-up 
core ringed by support systems.

More Sustainable Cities
By William E. Rees, urban planner

William E. Rees, a 
professor of community  
and regional planning at  
the University of British 
Columbia, is the originator of 
ecological footprint analysis.
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The nation’s waterways could 
provide much more clean energy

imagine what our economy would 
be like if almost half of our electricity 
came from renewable energy resources. 
No fuel price shocks, no foreign control, 
no worries about climate change—just 
clean, abundant, affordable electricity.

Before World War II, Americans actu
ally lived that way, thanks to hydropow
er. The massive public works projects un
dertaken during the Great Depression 
built a fleet of huge facilities on some of 
the country’s biggest waterways. Job cre
ation, electrification and inexpensive 
power modernized the rural South and 
helped to industrialize the West.

Then, the story goes, after the war 
ended and the atomic age began, hydro
power growth slowed to a trickle. A 
myth that hydropower couldn’t expand 
any further gained currency.

Well, get ready for some mythbusting.
Hydropower is the largest renewable 

resource in the U.S., providing about 8 
percent of the nation’s electricity. Ana
lysts say that capacity can double in 30 
years, rivaling the growth predicted for 
the nuclear power industry and at a frac
tion of the cost. The Federal Energy Reg
ulatory Commission is reviewing more 
than 30,000 megawatts’ worth of new 
projects, equal to a third of all existing 
hydropower capacity and big enough to 
power the New York metropolitan area.

Surprised? Many people are, because 
they still think of hydropower only on a 
scale of the giant Hoover Dam. The fact 
is, new technologies are creating ways to 
generate electricity in all kinds of water
ways. For example, turbines that rotate 
slowly like underwater windmills can sit 

in rivers, aqueducts or other locations 
where water flows freely. Other units in 
oceans or tidal waters generate electricity 
as they bob up and down. 

Even existing dams hold promise for 
energy production. Only about 3 percent 
of the country’s 80,000 dams generate 
electricity. Powergenerating turbines 
could be added to many of these struc
tures. The hydropower industry is en
couraging the federal government, which 
owns many of these nonpowered dams, 
to begin assessing the potential.

Beyond that, engineers are finding 
ways to generate more electricity at exist
ing hydroelectric dams by installing more 
efficient turbines and other technologies. 
The Grant County (Washington State) 
Public Utility District is almost halfway 
through a project to replace 10 turbines 
at its Wanapum Dam that will increase 
the facility’s capacity by more than 10 
percent. The new turbines, developed 
through a publicprivate partnership, 
also offer a more “fish friendly” design. 

Projects such as this one that maxi

mize efficiency and reduce environmen
tal impact are starting to attract support 
from environmentalists, who appreciate 
hydropower’s ability to provide reliable, 
affordable energy resources without 
greenhouse gas emissions.

The U.S. hydropower industry is 
pleased to see the Obama administration 
take a closer look, and we’re urging offi
cials to invest in federal research and de
velopment that can propel new water 
power technologies to market. As the ad
ministration examines public works proj
ects that can jumpstart the economy, it 
should consider hydropower initiatives, 
just as its predecessors turned to hydro 
development during tough economic 
times 75 years ago.

The industry is also asking Congress 
to ensure that such development receives 
the same tax incentives given to other re
newables. Hydropower should be part of 
state and federal policies, too. From re
newable portfolio standards to compre
hensive energy and climate strategies, 
hydropower offers a proved resource. •

Time to Think Hydro
By Linda Church Ciocci, renewable energy advocate

Hydro, already the 
largest U.S. renewable, 
can double in 30 years.

Linda Church Ciocci is executive director of the National Hydropower Association.

© 2009 SCIENTIFIC AMERICAN, INC.



20 Sc ient i f i c Amer ican Ear th 3 .0

froNt LINES

You should care about global 
climate change because it 
threatens your health

the litany of direct health impacts  
associated with climate change is becom
ing well known. A rapidly warming 
world brings more heatrelated deaths, 
more disease spread through contami
nated food and water and by insects, and 
more injuries from more extreme storms. 
The most vulnerable individuals are the 
elderly, the very young and the medically 
infirm. And the most vulnerable people 
live in the poorest nations, which are 
least responsible for causing climate 
change and least able to cope with the 
consequences. But a pair of ailments is 
rising faster in rich nations than in poor 
ones: asthma and allergies.

These two respiratory illnesses are ep
idemic in the developed world, and the 
numbers are rising. In the U.S. alone, at 
least 50 million people suffer from aller

gies, costing $18 billion annually in 
health care. Asthma affects one in 14 
American adults, almost one in 10 chil
dren, and is the leading cause of school 
absences. The more people are exposed 
to air pollution and pollen, the worse 
their symptoms are, and the more likely 
they are to develop additional allergies.

Climate change is measurably raising 
the concentrations of airborne substanc
es that trigger such illnesses, notably 
ozone and pollens, and researchers are 
documenting a corresponding increase in 
cases. Ozone, the primary component of 
smog, is a powerful respiratory irritant 
that initiates wheezing in asthmatics, 
particularly children. Exposure to ozone 
during childhood can also impair nor
mal lung growth and development and 
may contribute to new asthma, which 
can start at any age. Ozone is created 
when sunlight cooks pollutants in the at
mosphere, some of which are from natu
ral sources but most of which are from 
burning fossil fuels in vehicles, power 
plants and industrial processes. Of 
course, the more we burn, the more we 
produce those manmade precursor pol
lutants, such as nitrous oxides and so

called volatile organic compounds. Even 
without any increase in the precursors, 
hotter air driven by climate change will 
produce more ozone.

Pollens released by flowering plants 
and trees cause hay fever and can trigger 
asthma attacks. Many studies show that 
rising global temperatures have resulted 
in earlier and longer pollen seasons. 
Some studies also indicate that certain 
allergens, such as the pollen in ragweed, 
are being produced in higher quantities 
and have more potent allergenic compo
nents in warmer temperatures and in air 
with higher concentrations of carbon di
oxide. Finally, studies are emerging that 
directly link increased ambient tempera
tures, longer pollen seasons and higher 
daily pollen counts with more doctor vis
its for allergic symptoms. No doubt: a 
warming climate promotes more respira
tory suffering.

Certain interventions can reduce the 
aggravation. First, all asthmatics and al
lergy sufferers need access to health care 
and appropriate medication. Atrisk in
dividuals can also be taught how to un
derstand airquality indices and daily 
pollen counts and to avoid excessive out
door time and heavy exercise when air
borne contaminants are abundant. But 
these are only BandAids. Ozone and 
pollen will simply get worse unless na
tions pursue aggressive emissions con
trols and a rapid transition to low or 
nocarbon energy systems. Perhaps an 
increasing number of tearyeyed, sneez
ing, sleepdeprived, wheezing people 
who are missing work and school will 
generate sufficient political will in the 
wealthiest nations to stop greenhouse 
gas emissions and stabilize the global 
climate. Gesundheit! •

Beware of Warming Sickness
By Katherine M. Shea, physician

Katherine M. Shea is a practicing  
physician and an adjunct professor of 
maternal and child health at the University 
of North Carolina at Chapel Hill.

Asthma and allergies 
will get worse until 
nations cut emissions.
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Home and business owners could 
pay for clean energy technology 
through their property tax bills

the obama administration will  
need a truly diverse set of tools to lead the 
nation to a lowcarbon economy. To date, 
the U.S. effort has focused largely on 
technology and policy solutions that 
would reduce energy consumption and 
increase renewable energy supplies. But 
very little attention has been given to how 
to finance these desirable changes. A 
major monetary (and psychological) bar
rier for many people is the high upfront 
cost of new installations. How many of 
us would have cell phones if we had to 
pay for 20 years of minutes at the outset?

One energizing solution has emerged 
from a simple observation: municipali
ties routinely lend money for residential 
upgrades that benefit individuals and the 
community, such as putting power lines 
below ground. Why not do the same for 
clean energy? Berkeley, Calif., has pio
neered such a program, called the Fi
nancing Initiative for Renewable and So
lar Technology. It allows residential and 
commercial property owners to install 
improvements in their buildings. The city 
covers the upfront expense through a 
bond or other financing mechanism, and 
the individuals pay that back through a 
special fee on their property tax bills, 
spread over 20 years. Any payment that 
remains when a property is sold transfers 
to the next owner. Boulder, Colo., Baby
lon, N.Y., and Palm Desert, Calif., are 
implementing similar programs.

The Berkeley loans, made at low in
terest rates (4 or 5 percent, depending on 
how federal lending rates change), will 
first go to property owners for installing 

rooftop solar; trials are under way. The 
program would then advance to energy
efficiency improvements such as tankless 
hotwater heaters, energysaving win
dows and highefficiency lighting.

Although municipalities must examine 
the effects of such a program on the local 
property tax structure, the results can be 
striking. At current rates, owner savings 
on utility bills would offset part of the 
loan costs, and as energy prices rise—espe
cially as governments implement carbon 
taxes or capandtrade systems—the sav
ings could outweigh the loan payments.

Nationwide, if only 15 percent of resi
dential property owners took advantage 
of such programs, the emissions reduc
tions would contribute 4 percent of the 
savings needed for the U.S. to reach 1990 
emissions levels by 2020—all at no net 
cost to local, state or federal governments 
because owners pay back the loans. 
Large, additional savings would accrue if 

the program were extended to commer
cial buildings. My laboratory has devel
oped an interactive Web site for evaluat
ing the energy and carbon benefits:  
http://rael.berkeley.edu/berkeleyfirst

Federal and state involvement could 
greatly expand the model or eliminate 
some of the barriers that cities might face 
in implementing such programs on their 
own. Federal and state governments 
could either support city programs or di
rectly finance the upgrades; their bonds 
would be more efficient because they 
would cover larger populations.

Programs such as Berkeley’s, which I 
like to call “clean energy municipal fi
nancing,” open a new door to the future. 
The approach could expand the pool of 
money with which to fight climate change 
from millions or billions of dollars to tril
lions of dollars in consumer investments 
in their homes and businesses. •

Financing Energy Efficiency
By Daniel M. Kammen, policy innovator

Daniel M. Kammen is founding director of the 
Renewable and Appropriate Energy Laboratory  
at the University of California, Berkeley, and is a 
professor in the school’s nuclear engineering and 
public policy departments.

CO
U

Rt
eS

y 
O

f 
DA

N
Ie

l 
M

. K
A

M
M

eN

Berkeley, Calif., has pioneered a residential and 
commercial finance program. Boulder, Colo., 
and others are following suit.
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Clean Tech: Force It or Fund It?
By Stephen D. Solomon

Two experts favor different strategies to prompt the 
innovation of clean alternative energy technologies

the world is eager for energy alternatives that  
greatly reduce greenhouse gas emissions. But where will the 
impetus come from for developing cheap, clean technologies? 
Two primary strategies have emerged: a topdown approach in 
which government imposes mandates that force companies to 
change or a bottomup approach in which entrepreneurs craft 
solutions that must meet the test of the marketplace. 

One of those who believes that government must take the re
sponsibility to push innovation forward is Daniel Esty, a law 
professor at Yale University and head of the school’s Center for 
Environmental Law and Policy. He favors governmentissued 
price caps or penalties that, directly or indirectly, compel compa
nies to pay for the carbon dioxide they emit; if a company emits a 
certain amount, then it must pay a specific fee—a fee high enough 
to encourage that firm to find less expensive, green solutions.

In contrast is Vinod Khosla, founder of the venture capital 
firm Khosla Ventures in Menlo Park, Calif., who maintains 
that government mandates often produce solutions that are un
economical and therefore not widely adopted. Instead entrepre
neurs utilizing private capital—perhaps with some shortterm 

government assistance where needed—are better positioned to 
provide solutions cheap enough to be employed even in devel
oping countries, necessary because climate change is a global 
problem. Little government regulation would be required.

The two men’s positions reflect their backgrounds. In the 
early 1990s Esty, a Rhodes Scholar, was responsible for strate
gic planning and review of climate change initiatives at the U.S. 
Environmental Protection Agency. Khosla became a billionaire 
by cofounding Sun Microsystems and later as a partner with 
venture capital firm Kleiner Perkins Caufield & Byers. His own 
firm has invested in dozens of new companies focused on fu
ture fuels, electrical efficiency, and solar, geothermal and bio
mass energy. 

Esty: Mandate Limits
business is already investing billions of dollars in  
technology to improve energy efficiency and lower greenhouse 
gas emissions. But with pressure mounting to address climate 
change in a more sweeping way, Esty believes it is time for gov
ernments around the globe to push innovation more vigorously. 
The way to do that, he says, is to charge for emissions.

Those charges—or “price signals” in financial jargon—come 
in many flavors. Harm charges, for example, impose a tax on 
companies that produce specific pollutants; government analy
ses suggest that a rate of $50 per ton of carbon dioxide emis
sions would be just high enough to force change. Another sig
nal is a capandtrade system. To stay below the government
set limits on emissions, which become more stringent over 
time, companies must either reduce emissions or buy allowanc
es on the open market from other firms well below the goals.

The first great advantage of price signals is that they create 
“a strong incentive for companies to be smart for their own op
erations,” Esty says, and, second, they create “an opportunity 
for any company that can be a solutions provider to others. 
With everyone being obligated to reduce emissions, someone 
who finds a clever way to do it can not only fix their own emis
sions but also sell their answer to everyone else. That’s the real 
spur to innovation.”

Esty also urges strict regulatory standards in the construc
tion industry, where current incentives run against investments 
in energy efficiency. “You probably want to have standards set 
by fiat that dictate more efficient lighting, more efficient heat
ing and airconditioning systems, new standards for higheffi

Government-set price signals 
“get the largest number of 
innovators involved.”

Daniel Esty directs Yale 
University’s Center for 

Environmental Law and Policy.
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ciency windows and better insulation, and elements of that 
sort,” he says. This approach would overcome the problem of 
developers building as quickly and cheaply as possible “with
out full attention to the running costs of the buildings. This is 
where you need a societallevel intervention.”

Fundamentally, Esty notes, price signals can “get the largest 
number of actors and innovators into the process—to really have 
the private sector play the role of the engine of innovation and to 
minimize a government role in trying to pick winners.” His ap
proach provides a level playing field for solutions.

Khosla: Fund Innovators
khosla admits that governments around the world  
can set useful price signals that spur innovation. But he worries 
that the risk of heading down misleading paths is too high, dis
tracting innovators from the most costcompetitive solutions. 
Khosla argues fervently that innovations must meet the “Mis
sissippi test”: Will average American citizens be able to afford 
them? So, too, he suggests the “Chindia test”—that fastgrow
ing economies such as those in China and India will adopt 
cleaner energy only when it is costcompetitive with fossil fuels.

“I depart from the environmentalists,” Khosla says. “Their 
approach is to promote renewables regardless of cost. I don’t 
want to do uneconomical things. Even if we can do it in San 
Francisco, if the cost is not less than the fossil fuel it’s supposed 
to replace, it won’t be adopted in India and China. Then it’s just a 
toy and not a scalable solution. This can hurt more than help real 
environmental solutions. I’m a fan of hybrid vehicles, but they 
won’t replace current cars. We don’t need a fashionable technolo
gy. We need 80 percent of the next billion cars we ship to be high
ly fuelefficient. If they’re not economical, we won’t ship them.”

An example of a governmentdirected pitfall is the money 
now directed at ethanol derived from corn. Cellulosic ethanol 
based on noncorn products would be much more efficient. “You 
get an 80 percent reduction in carbon emissions,” Khosla says. 
“That’s what the planet needs. I don’t want to make a commit
ment to technology [like corn ethanol] that is a dead end.” The 
natural gas–powered autos championed by billionaire T. Boone 
Pickens also don’t come close to meeting Khosla’s requirements, 
because they reduce greenhouse gas emissions by 30 percent or 
less. “It won’t get us to a 60 to 80 percent reduction over time. 
We would make all that effort to switch infrastructure, but we 
wouldn’t get past that reduction.”

Private capital, along with governments, should therefore fund 
innovators who can create those ultimate solutions. Worldwide, 
institutions such as the World Bank, the Asian Development 
Bank and the International Monetary Fund “could offer lowcost 
loans for lowcarbon projects, thus reducing the cost of capital,” 

especially in the developing world, Khosla says. “I’ve also dis
cussed the idea, as others have, of the Clean Development Mech
anism, through which rich countries can outsource some of their 
carbonmitigation responsibilities to the developing world, where 
relatively easier, cheaper marginal gains can be found.” He also 
favors the idea of using economic incentives to combat issues such 
as deforestation, for example, by banning biofuels from coun
tries that destroy large tracts of forest land to produce them. 

Esty’s counterargument is that the world cannot wait 
around until an innovator happens to stumble on a cheap solu
tion. He also thinks too many venture capitalists and innova
tors may be more interested in creating the next cool video 
game because that may have a more immediate market. But 
Khosla says investors understand that the clean tech market is 
huge, and they will pursue it aggressively.  •

Stephen D. Solomon is associate director of New York  
University’s Arthur L. Carter Journalism Institute. 

“Low-cost loans for low-carbon 
projects” will help entrepreneurs 
create the ultimate solutions.  

Vinod Khosla is founder 
of the venture capital firm 
Khosla Ventures.
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Carbon 
Game

Wwhen it comes to perhaps the largest and most complex 
policy challenge facing the Obama administration—finally slowing the pace 
of global warming before dangerous changes become unstoppable—the new 
president stares down a Dickensian paradox. On the one hand, it’s the best 
of times for dealing with the issue. The Democratic-controlled Congress is 
itching for action, with environmentalist Californians Senator Barbara Box-
er and Representative Henry Waxman at the head of key committees. And 
the problem has risen so much in visibility that many fossil-fuel companies 
have come to consider the capping of their greenhouse gas emissions a vir-
tual inevitability. They have joined together in the U.S. Climate Action Part-
nership—a group featuring General Electric, DuPont, General Motors and 
many other major corporations—which has called for “cap and trade” leg-
islation that would limit and then slowly ratchet down emissions.

Yet it’s also the worst of times to address global warming. The recession 
makes the enactment of strong climate protection policies—which are bound 
to raise the price of energy, at least in the short term—highly vulnerable to 
attack. Given the state of the economy, global warming simply cannot top 
the president’s agenda; ideally, though, progress on it would follow a break-
neck timeline that some experts are already describing as impossible to meet. 

How Obama and his team can pass climate legislation 
and reach an international accord by December 2009

by Chris mooney 

Winning the 
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At the close of 2009, the nations of the world will assemble 
in Copenhagen to negotiate a global climate treaty to succeed the 
Kyoto Protocol. If a U.S. climate policy doesn’t exist by then, it 
is hard to see how developing countries such as India, Brazil and 
especially China—whose emissions now exceed those of the 
U.S.—can be convinced to sign an agreement. The U.S. has been 
emitting carbon dioxide for far longer and in far greater quanti-
ties; the other nations expect the U.S. to take the plunge first.

No one doubts the Obama administration’s dedication on the 
issue: the president’s cabinet and the White House are filled with 
a dream team of scientists and climate policy experts committed 
to strong action (profiled throughout this article). Among the 
most valuable players are Harvard University’s John Holdren 
(the president’s science adviser) and Nobel laureate physicist Ste-
ven Chu (the secretary of energy). The president himself appears 
just as passionate. As he put it in November 2008: “Delay is no 
longer an option. Denial is no longer an acceptable response. The 
stakes are too high; the consequences too serious.” Yet as of this 
writing, several unresolved matters of policy—and strategy—

raise questions about how President Barack Obama’s team can 
best manage this gargantuan challenge. The choices the president 
and his key people make over the coming months will determine 
whether the U.S. will successfully confront climate change—and 
whether it will lead the world in doing the same.

A Job for the EPA?
The first question concerns the extent to which the new admin-
istration will use existing laws and regulations to control green-

house gas emissions, regardless of whether or not Congress pass-
es new legislation. 

In mid-2007 the U.S. Supreme Court handed down its deci-
sion in Massachusetts v. EPA, ordering the Bush administration 
to determine whether greenhouse gas emissions from vehicles 
represent a danger to the public—which would trigger regulato-
ry control over those emissions under the Clean Air Act. The rul-
ing was a strong rebuke to the Bush government, but in response 
Stephen Johnson, then chief of the Environmental Protection 
Agency, essentially punted, opening up a protracted public com-
ment process rather than taking strong action. The Obama ad-
ministration, however, has indicated that it will do what the Su-
preme Court asked and generally reverse a number of Johnson’s 
unpopular precedents.

One key move for the new EPA under former New Jersey De-
partment of Environmental Protection head Lisa Jackson is 
granting the state of California a waiver (which Johnson had de-
nied) allowing it to implement its own tough tailpipe-emissions 
standards. President Obama supports the state’s waiver request 
and almost immediately on taking office announced that the EPA 
would reconsider it. Carrying out California’s standards would 
have important implications because of the huge size of its car 
market and the eagerness of many other states to follow its lead. 
The EPA can also issue, in response to the Supreme Court, a so-
called endangerment finding concerning greenhouse gas emis-
sions. By law, if these emissions can be “reasonably anticipated 
to endanger public health or welfare,” the agency must use the 
Clean Air Act to limit them.

Policy analysts expect the EPA to go at least this far. But the 
question then becomes whether the administration will move 
forward with “command and control” regulatory action that 
would impose pollution standards for vehicles, power plants and 
other sources of greenhouse gas emissions. (That path is what 
some experts are recommending, among them William Ruck-
elshaus and William Reilly, former EPA heads under Republican 
administrations.) Or will the administration instead pause and 
ask Congress for a new law, amending the Clean Air Act to bet-
ter address the details of reducing economy-wide emissions of n
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Secretary of Energy 

Regulates nuclear power and 

electricity transmission, manages 

energy policy and the Strategic 

Petroleum Reserve, and funds 

energy research

STATS

Age 61

State Calif.

Previous 
Position

Director, 
Lawrence 
Berkeley 
National Lab

Steven Chu 

C ABINET

Science Adviser 
to the President 
Informs the president on how 
science affects policy and leads 
interagency efforts to develop 
scientific and technical strategies

John Holdren 

STATS

WHITE HOUSE

Age 65

State Mass.
Previous 
Position

Director, 
Woods Hole 
Research 
Center

by granting the California
waiver, the obama ePa would
be marching the nation ever
closer to comprehensive
climate regulation.
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greenhouse gases? “That’s where the decision gets really inter-
esting,” says Paul Bunje, executive director of the Center for Cli-
mate Change Solutions at the University of California, Los An-
geles. “Who leads?”

The answer has major strategic consequences. By granting the 
California waiver and making an endangerment finding, the 
Obama EPA would be marching states and the federal govern-
ment ever closer to comprehensive climate regulation. Such 
moves could “prod” Congress itself into action, notes Doug 
Kendall, president of the Constitutional Accountability Cen-
ter, which runs the popular Warming Law blog (http://theus-
constitution.org/blog.warming). In particular, if fossil-fuel 
companies see states and the EPA moving forward, that could 
further goad them to demand a comprehensive fix from Con-
gress, rather than leaving themselves vulnerable to a piecemeal, 
state-by-state approach or varied EPA rulings to come. 

Although the Obama administration will not want to usurp 
Congress’s role and solve global warming single-handedly, it 
can move a considerable way toward making a new law virtu-
ally inevitable—and then outline principles for how Congress 
should carry the ball forward. So if Congress fails to act or 
moves too slowly, ongoing EPA steps can serve as a “fallback,” 
Kendall notes.

Carbon Tax or Cap and Trade?
Whether President Obama exploits existing laws or calls for a 
new one—or both—he can still jump-start nationwide emissions 
reductions almost immediately. The president’s economic stimu-
lus bill and possible energy legislation can snatch what some are 
calling the “low-hanging fruit” in climate policy: investing in 
critical renewable energy sources and energy-efficiency technol-
ogies to power a transition away from fossil fuels [see bottom 
box on page 30].

Environmental organizations also want every relevant govern-
ment agency, from the Department of the Interior to the Depart-
ment of Transportation, to begin to include climate change con-
siderations in its planning. This mandate would help restart the 
climate change “adaptation” process. The Bush government 
fought attempts to study and raise awareness about the many 
ways in which global warming is already changing the nation’s 
weather, agriculture, ecosystems, landscapes, water supplies and 
much more—but under President Obama, comprehensively as-
sessing the dangers can resume. So can a range of regionally tar-
geted preparedness measures.

The president’s first budget request to Congress could well 
contain any number of items that would help set change in mo-
tion. One request would be funding for the EPA to set up a green-
house gas regulatory capacity. Writing such matters into govern-
ment budget mechanisms further goads the legislative branch 
into action—and Congress doesn’t need much pushing. Repre-
sentative Waxman, chair of the powerful House Energy and 
Commerce Committee, has pledged to have a climate bill through 
his committee by Memorial Day, which among other measures 
would establish a cap-and-trade system to be set up by the EPA 
to reduce emissions.

A direct tax on carbon emissions is another option. Many 
economists insist that a tax, collected by the Internal Revenue Ser-
vice, is the simplest and most efficient strategy. Notable support-
ers include Al Gore, NASA Goddard Institute for Space Studies 
climatologist James Hansen, ExxonMobil CEO Rex Tillerson, 
and President Obama’s own Office of Management and Budget 
chief Peter Orszag. A tax does have drawbacks, however. It 
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Environmental Protection 
Agency, Administrator 
Enforces the nation’s clean air 
and water rules and many other 
environmental regulations

Lisa Jackson 
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Age 47

State N.J.
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Chief of Staff, 
N.J. Governor 
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The administration must go into
international negotiations guided
by an existing domestic policy;
a climate bill would serve as a
powerful calling card.

doesn’t set any fixed limit on emissions but merely assumes that 
as they become more expensive, polluters will cut back and even-
tually convert to less carbon-intensive technologies as the innova-
tions become competitive.

Environmental organizations may not be satisfied with the 
tax route, worrying that the country is taking an unreasonable 
planetary gamble unless we ratchet down emissions by scientif-
ically supported, fixed amounts. President Obama himself has 
repeatedly called for reducing U.S. greenhouse gas emissions 80 
percent below their 1990 levels by the year 2050, a very ambi-
tious goal (although some, including the Worldwatch Institute 
and United Nations Intergovernmental Panel on Climate Change 
chair Rajendra Pachauri, have challenged President Obama to 
push for even stronger near-and long-term emissions targets).

The cap-and-trade approach, which President Obama favors, 
would reduce economy-wide emissions by such set amounts by 
allocating a fixed number of tradable emissions permits (or al-
lowances) each year and by decreasing their total amount over 
time. This framework nominally avoids the unfortunate concept 
of a “tax,” anathema in tough economic times or, indeed, at any 
time in the U.S.

Simply choosing between a carbon tax and a cap-and-trade 
system hardly exhausts the available policy choices, however. 
The specific design of the cap-and-trade system, presumably to 
be administered by the EPA, will have strong implications for its 
ultimate effectiveness and political salability.

President Obama officially supports a cap-and-trade bill fea-
turing a so-called 100 percent auction, meaning that all the pol-
lution permits created under the law would be sold rather than 
simply given away to fossil-fuel companies. The auction ap-
proach offers notable benefits: it creates a purer marketplace and 
would raise a dramatic amount of government revenue—official 
estimates range from $50 billion to an eventual $300 billion an-
nually. The revenue could then be used for a variety of public 
purposes, such as investing in clean energy technology (which 
President Obama has already suggested) or even making direct 
payments to citizens to help them cope with higher energy 
costs—the “cap and dividend” approach advocated by Peter 

Barnes of the Tomales Bay Institute and other financial analysts. 
Still, fossil-fuel companies can be expected to strongly op-

pose anything approaching a full auctioning of permits. For  
instance, the Climate Action Partnership calls for so-called 
grandfathering—giving away a large percentage of permits for 
free to existing emitters, at least at the outset. Indeed, past cli-
mate bills under serious consideration avoided a full auction. 
The leading contender for 2008, the Boxer-Liberman-Warner 
Climate Security Act, would have auctioned off only 24.5 per-
cent of permits in 2012 and would have increased the total  
to 58.75 percent by 2032.

Since 2008, however, Democratic majorities have increased 
in the Senate and in the House of Representatives, and the po-
litical environment has become more favorable to full auction-
ing. But few political observers would argue that President 
Obama will be able to get his desired 100 percent allocation. 
Some type of compromise is likely. “I think the momentum is 
growing toward auctioning off more rather than less,” com-
ments Dan Weiss, a climate and energy policy expert at the Cen-
ter for American Progress in Washington, D.C. “Will they auc-
tion all? That’s a stretch.”

In determining the breakdown between auctioning emission 
permits and giving them away, several factors will loom large. 
One is the European Union’s experience. Its cap-and-trade sys-
tem, begun in 2005, featured little or no auctioning of permits—

instead it used virtually full giveaways. After several years we 
can see the effect: Energy prices rose even as polluting compa-
nies enjoyed large windfalls. This widely cited failure strength-
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ens the hand of auctioneers, as do the incredible political divi-
dends that can be reaped if the money from auctioning is plowed 
back into the economy.

Paying Back Americans
Ingenious ideas abound for turning the capital raised from auc-
tion revenues into political gold. In its ideal form, the cap-and-
dividend method returns 100 percent of the proceeds from a 
full-permit auction to citizens in the form of monthly checks, 
which could add up to $1,000 a year for every person in the U.S. 
Paul Higgins, a senior policy fellow at the American Meteoro-
logical Society, suggests one variation on that theme: a “prebate” 
for taxpayers, followed by regular checks to offset increasing 
energy prices—some of which citizens could pocket if they de-
crease their carbon footprints. “You say to people right up front,  
 ‘We need to reduce emissions, foreign oil dependence. We’re go-
ing to put a fee on those things, and we’re going to take the rev-
enue and give it back to the people, and we’re going to do it 
ahead of time,’ ” Higgins says.

Another idea is to redistribute some of the wealth through the 
U.S. tax code, by cutting taxes in proportion to auction revenue 
raised, while also perhaps reserving some of the money for ad-
ditional investments in clean energy technology. That is the ap-
proach supported by Rafe Pom er ance, president of the nonprof-
it climate policy think tank Clean Air-Cool Planet and a former 
Clinton administration expert on climate at the State Depart-
ment. “You get an improvement in the efficiency of the economy 
and your carbon reductions,” he explains, calling his approach  
 “double dividend.”

Cap-and-dividend proponents argue back that their ap-
proach—putting a tangible check in people’s hands—is a far 
more poli tically (and psychologically) savvy way to bring the en-
tire U.S. public along on such a deep remaking of the economy 
and to help them feel like they are weathering big changes in en-
ergy markets.

Creative fixes that deliver politically as well as on a policy lev-
el will be vital. Without a disciplined, filibuster- and defector-

proof Democratic majority in the Senate, a successful climate bill 
has to please conservative Democrats and moderate Republicans, 
who are deeply concerned about any legislative impact on the 
pocketbooks of citizens in their state.

Take Democratic Senator Claire McCaskill of Missouri, a 
strong ally of President Obama who has nonetheless cautioned 
that a cap-and-trade bill could be “playing with fire.” She says the 
president understands that “the American people are not  going 
to judge him on whether or not health care’s gotten done or cap-
and-trade’s gotten done; they’re going to judge him by whether 
the unemployment numbers look good this time next year.”

In 2008 Senator McCaskill was a member of the Gang of 16, 
a group of Democratic moderates who supported climate legis-
lation in theory but called for measures to protect taxpayers, 
such as “cost containment” to avoid energy price shocks as  
well as “price relief” for working families. Democratic leaders 
representing coal states in the midsection of the country, such 
as Senator Debbie Stabenow of Michigan, have also said pub-
licly that they favor climate legislation that is more moderate 
than Obama has supported, or than Boxer and Waxman had 
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Playbook: The Obama adminis-
tration has two main options for 
regulating emissions. Under a car-
bon tax, the more a company 
emits, the more tax it pays. Under 
cap and trade, a company that 
emits more than a predetermined 
limit can pay for a credit equal to 
the overage, obtained from a com-
pany that emits less than the limit.

Carbon Cap and TradeCarbon Tax

Plant 1 Tax*

Tax* *Government-imposedPlant 2

Plant 1 Plant 2
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advocated last year. These same concerns—and legislators—are 
perhaps equally influential now. 

Appeasing these legislators could require some version of the 
cap-and-dividend approach combined with a “safety valve” 
pushed by Democratic Senator Jeff Bingaman of New Mexico. It 
would make a cap-and-trade bill somewhat more like a carbon 
tax by placing a ceiling on the amount that permit prices could 
rise—thus protecting the economy from too much disruption too 
quickly. Lawrence Summers, head of President Obama’s Nation-
al Economic Council, supports such a measure.

Another feature likely to improve the legislation’s chances for 
passage is some means of making reassessments, based on the lat-

est scientific developments, of whether the country needs to cut 
emissions even faster than previously assumed. NASA’s Hansen, for 
instance, now says we must keep atmospheric carbon dioxide con-
centrations below 350 parts per million (ppm) for the long term; 
given that they are already above 380 ppm, that implies the need 
for far stronger targets than even President Obama is suggesting. 

Salting legislation with such measures and remaining politi-
cally practical could help avoid a “train wreck,” something Po-
merance fears could occur either if the president “comes forward 
with something that’s viable and the environmental community 
rejects it, or he does what the environmental community wants 
and it’s rejected.” The fear is that “we could overreach and never 
get started,” leaving the country with little to bring to the Co-
penhagen summit at the end of 2009.

Leading the World to Copenhagen
Flexibility and creativity will be just as essential to international 
negotiations, for which a domestic climate bill would serve as a 
powerful calling card. Much has been learned since the 1997 
Kyoto Protocol, which the Clinton administration championed 
but which the Senate refused to ratify, claiming that developing 
nations would not be compelled to sacrifice their own economic 
growth under the treaty as the U.S. might. To avoid making that 
mistake again, the administration must go into international ne-
gotiations guided by an existing domestic policy, rather than 
once again trying to foist international standards on a Congress 
that hasn’t acted yet.

In fact, any U.S. law could be made “partly conditional” on 
international response, notes the American Meteorological So-
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easy wins: Some early victories could 
kick off the climate policy season.
The hardest climate contest of 2009 will undoubtedly be passing compre-
hensive legislation that finally sets a price on carbon emissions. The 
Obama administration will most likely focus in the early months on pur-
suing many smaller, disparate measures that together can set in motion a 
remaking of the energy system. Here’s a list of moves that we can expect 
to see made through the president’s economic stimulus package, possi-
ble energy bills and other initiatives.

•  Weatherization: Funding for subsidies and tax rebates devoted to 
low-income households for improvements that protect homes from the 
elements, thus reducing energy costs.

•  Energy efficiency: Across-the-board measures to improve efficiency 
in residential, commercial, industrial and federal facilities, extending to 
plans to make all new buildings carbon-neutral.

•  National renewable portfolio standard: A requirement that an in-
creasing percentage of energy production by electric utilities come 
from renewable sources, in effect taking the standards now imposed 
by certain states and making them national.

•  Production tax credit: A tax credit to companies that generate or 
purchase clean energy, increasing its economic viability.

•  Smart grid: A modernization of the electricity grid with digital tech-
nologies to improve efficiency and facilitate integration of renewable 
energy sources.

•  Research and development: Federal investment that advances the 
technical and commercial viability of clean energy alternatives; 
Obama’s early energy plan earmarked more than $100 billion over 10 
years for this purpose.

•  Vehicle fuel efficiency  A disparate set of measures, ranging from 
fuel-economy standards to the development of new biofuels and in-
vestment in plug-in hybrid vehicles, designed to reduce emissions while 
also conserving fossil fuels.   —C.M.

Secretary of the Interior 
Oversees drilling, mining and 
logging activity on public lands 
and manages national parks

Ken Salazar 

STATS
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ciety’s Higgins. It could be written so that the U.S. takes stron-
ger mitigation actions if its allies do, and vice versa. Stanford 
University law professor David Victor adds that the administra-
tion will probably want to negotiate separate deals with devel-
oping countries such as India and China even before reaching 
Copenhagen. “Politically,” he explains, “there’s no way you can 
get a significant deal through the U.S. Congress without some 
answers to the question, ‘What are our competitors doing, 
what’s China doing?’ ”

Just as regulatory policy must bleed over into legislative action 
on climate change, so legislation and international policy must 
also overlap. Several international meetings are set to build mo-
mentum toward the Copenhagen finale this December [see box 
above], so the administration will have the ability to set an interna-
tional agenda that corresponds with what it is trying to achieve do-
mestically. Indeed, diplomats who convened at the most recent of 
the international climate change meetings—in Poznan ,́ Poland, in 
late 2008—seemed to be waiting anxiously for the Obama admin-
istration to announce its agenda before taking any decisive step.

The world is waiting on the U.S., which makes major advance-
ment on climate change an even more daunting project, requir-

ing almost superhuman strategizing, creativity, flexibility and 
organization. The goal may be too much for the administration 
to achieve in one year, especially when hamstrung by a weak 
economy.

Already some skeptics, including former Clinton Department 
of Energy official and prolific climate blogger Joe Romm, have 
questioned whether any comprehensive legislation can be pulled 
off in time for the Copenhagen summit. Romm instead suggests 
spending the year educating the American public about what 
needs to be done and brokering a separate emissions deal with 
China. Yet the environmental and economic communities alike 
have given the highest marks to President Obama’s relevant cab-
inet members as being up to the challenge. As Stanford’s Victor 
says of the Obama environmental team: “In a practical world, if 
anyone can do it, it’s them.” •

Chris Mooney is a visiting associate at the Center for Collab
orative History at Princeton University and coauthor (with  
Sheril Kirshenbaum) of the forthcoming book Unscientific  
America: How Scientific Illiteracy Threatens Our Future (Basic 
Books).

2009 Climate World Series Schedule

International work to limit global warming occurs through the United Nations Framework Convention on Climate Change 
treaty. It aims to stabilize greenhouse gas concentrations at levels that would prevent dangerous interference with the earth’s 
climate. After 11 difficult years of negotiation by U.N. countries, key events are leading up to a make-or-break match in 
December 2009.

date Location event  outcome or Goal

December 
1–10, 1997

Kyoto, 
Japan

Conference of 
Parties 3 

The Kyoto Protocol. It legally binds nations to collectively reduce 
greenhouse gas emissions to 5.2 percent below 1990 levels; 181 
nations subsequently ratify the protocol, but not the U.S.

December 
3–14, 2007

Bali, 
Indonesia

Conference of 
Parties 13 

The Bali Roadmap. It defines the negotiation process for 2009.  
An Adaptation Fund is established to finance emissions reduction 
projects in developing countries.

December 
2–13, 2008

Poznan ´ ,
Poland 

Conference of 
Parties 14 

Basic provisions for the 2009 agreement are hammered out. 
Strategies to curtail deforestation are also reached.

March 
29– April 8, 
2009

Bonn,
Germany

Working Group 
Session

Working groups from industrialized and developing nations will craft 
language for specific emissions measures.

June 1–12, 
2009

Bonn,
Germany

Subsidiary 
Bodies Session

First draft of concrete provisions is to be finished. Scientific, technical 
and implementation bodies will mark up provisions.

December 
7–18, 2009

Copenhagen,
Denmark

Conference of 
Parties 15 

All U.N. countries are to negotiate a final agreement that supersedes 
the Kyoto Protocol, with much more aggressive reduction goals. If 
the parties fail, cooperation could disintegrate and nations may go 
their own ways.
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•
  WATER

Oon america’s high plains, crops in  
early summer stretch to the horizon: field 
after verdant field of corn, sorghum, soy-
beans, wheat and cotton. Framed by 
immense skies now blue, now scarlet-
streaked, this 800-mile expanse of agri-
culture looks like it could go on forever.

It can’t.
The Ogallala Aquifer, the vast under-

ground reservoir that gives life to these 
fields, is disappearing. In some places, the 
groundwater is already gone. This is the 
breadbasket of America—the region that 
supplies at least one fifth of the total an-
nual U.S. agricultural harvest. If the aqui-
fer goes dry, more than $20 billion worth 

of food and fiber will vanish from the 
world’s markets. And scientists say it will 
take natural processes 6,000 years to re-
fill the reservoir.

The challenge of the Ogallala is how to 
manage human demands on the layer of 
water that sprawls underneath parts of 
eight states from South Dakota to Texas. 
As landowners strive to conserve what’s 
left, they face a tug-of-war between eco-
nomic growth and declining natural re-
sources. What is happening here—the 
problems and solutions—is a bellwether 
for the rest of the planet.

High Plains farmers were blissfully un-
aware a generation ago that a dilemma JA
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The massive underground water source 
feeds the middle third of the country but is 

disappearing fast. Can it be conserved?

By Jane Braxton Little

Vicious circle: Crops across 
America’s heartland rely heavily on 

irrigation that is drawing down  
the Ogallala Aquifer, jeopardizing 

agriculture’s long-term future.

Saving the 
Ogallala 
Aquifer
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was already unfolding. In the early 1950s, 
when Rodger Funk started farming near 
Garden City, Kan., everyone believed the 
water was inexhaustible. “People were 
drilling wells,” he says. “You could pump 
all the water you wanted to pump.”

And they did. What changed every-
thing for Funk, now age 81, was a public 
meeting in the late 1960s at Garden City 
Community College. State and federal ge-
ologists, who had been studying where all 
that water was coming from, announced 
grim findings. “They said it’s geologic 
water. When it’s gone, it’s gone,” Funk 
says. “I remember coming home and feel-
ing so depressed.”

Today his community in southern Kan-
sas, 180 miles west of Wichita, is one of 
the High Plains areas hardest hit by the 
aquifer’s decline. Groundwater level has 
dropped 150 feet or more, forcing many 
farmers to abandon their wells. The cause 

is obvious, says Mark Rude, executive di-
rector of the Southwest Kansas Ground-
water Management District: overuse.

With a liquid treasure below their feet 
and a global market eager for their prod-
ucts, farmers here and across the region 
have made a Faustian bargain—giving up 
long-term conservation for short-term 
gain. To capitalize on economic opportu-
nities, landowners are knowingly “min-
ing” a finite resource.

Choosing to use water from one of  
the world’s largest aquifers rather than 
leaving it in the ground is not irrespon-
sible, says Andrew Stone, executive di-
rector of the American Groundwater 
Trust in Concord, N.H. Like coal or nat-
ural gas, groundwater is a valuable re-
source. “There is no benefit to mankind 
to keeping it unused in cold storage,” 
Stone says. The challenge is to stretch the 
life of the aquifer to benefit future genera-

tions of farmers and those who depend on 
their products.

In Garden City, however, the severity 
of their circumstances is already forcing 
farmers to take action. They are grap-
pling with how to maintain successful ag-
ricultural operations while relying on less 
and less water, an issue that water users 
throughout the region, and the world, 
must eventually face, Rude says. “The 
community of water users needs to figure 
this out,” he adds. “We’ll get to sustain-
ability one way or another, but it may be 

Using and losing: Widespread tapping of the Ogallala Aquifer for irrigation has turned vast stretch-
es of dry plains into highly productive cropland that provides more than 20 percent of all U.S. agricul-
tural output. One 380-square-mile section of Kansas (left), for example, is blanketed by pivot irrigation 
systems (dark green plots are corn, light green are sorghum, wheat is gold; brown fields have been 
harvested or lie fallow). But pumping water faster than it can naturally be replenished has taken its toll; 
water levels have dropped significantly over the past 50 years across much of the region (above). 

Fast Facts 
If spread across the U.S. 
the aquifer would cover all
50 states with 1.5 feet of water

If drained, it would take more
than 6,000 years to refill naturally 

More than 90 percent  of the water
pumped is used to irrigate crops 

$20 billion a year in food
and fiber depend on the aquifer 

SOURCE: University of Texas at Austin
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sustaining an economy without the Ogal-
lala Aquifer.”

Tapping the Aquifer
On a hydrographic map, the Ogallala is a 
Rorschach inkblot that some describe as 
the shape of a mushroom, others the South 
American continent. Millions of years ago, 
when the southern Rocky Mountains were 
still spewing lava, rivers and streams cut 
channels that carried stony pieces of the 
mountains eastward. Sediment eventually 
covered the area and filled in the ancient 
channels, creating vast plains. The water 
that permeates the buried gravel is mostly 
from the vanished rivers. It has been down 

there for at least three million years, per-
colating slowly in a saturated gravel bed 
that varies from more than 1,000 feet 
thick in the North to a few feet in the 
Southwest.

Until recently, most of the region had 
no permanent settlements. Native Ameri-
can tribes who used the open plains for 
seasonal hunting retreated to river valleys 
to pitch their tents. When Spanish con-
quistador Francisco Vazquez de Corona-
do came through in 1541 looking for the 

gold cities of Cibola, he marched his iron-
clad men to the brink of exhaustion, nev-
er knowing that water to quench their 
near-maddening thirst lay mere yards be-
neath their boots. Similarly, cattle drives 
in the 1860s and 1870s collapsed in a per-
fect storm of drought, overgrazing and 
falling meat prices. And early attempts at 
farming were plagued by soil erosion and 
cycles of drought that culminated in the 
1930s Dust Bowl.

Industrial-scale extraction of the aqui-
fer did not begin until after World War II. 
Diesel-powered pumps replaced windmills, 
increasing output from a few gallons a 
minute to hundreds. Over the next 20 
years the High Plains turned from brown 
to green. The number of irrigation wells in 
West Texas alone exploded from 1,166 in 
1937 to more than 66,000 in 1971. By 
1977 one of the poorest farming regions in 
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Dandy source: For decades, farmers and townspeople across the High Plains drilled wells with 
abandon, believing they could pump all the water they wanted. In Broken Bow, Neb., wind-powered 
pumps draw from the Ogallala, which is just 50 feet below the surface there. 

We’ll get to sustainability one way or 
another, but it may be sustaining an
economy without the Ogallala Aquifer. 
  — MArk rudE 

Executive director, Southwest kansas groundwater Management district
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the country had been transformed into one 
of the wealthiest, raising much of the na-
tion’s agricultural exports and fattening 
40 percent of its grain-fed beef.

But the miracle of new pumping tech-
nology was taking its toll below the prairie. 
By 1980 water levels had dropped by an 
average of nearly 10 feet throughout the 
region. In the central and southern parts of 
the High Plains some declines exceeded 
100 feet. Concerned public officials turned 
to the U.S. Geological Survey, which has 
studied the aquifer since the early 1900s. 
With their state and local counterparts, 
USGS officials began monitoring more 
than 7,000 wells to assess the annual 
water- level changes.

What they found was alarming: yearly 
groundwater withdrawals quintupled be-
tween 1949 and 1974. In some places 
farmers were withdrawing four to six feet 

a year, while nature was putting back half 
an inch. In 1975 the overdraft equaled the 
flow of the Colorado River. Today the 
Ogallala Aquifer is being depleted at an 
annual volume equivalent to 18 Colorado 
Rivers. Although precipitation and river 
systems are recharging a few parts of the 
northern aquifer, in most places nature 
cannot keep up with human demands. 
 “We have optimistic locations. Other plac-
es we can see the end,” says David Pope, 
who administered groundwater regula-
tions in Kansas from 1983 to 2007 as the 
state’s chief engineer.

Sustainable Solutions
For Funk, the depressing data he took 
home from that Garden City meeting was 
transforming. Whereas other farmers re-
sponded to declining water levels by add-
ing wells, Funk eliminated them: “We de-

cided to go dryland.” Today he pumps al-
most no water on his 6,000 acres, which 
are planted largely in wheat and grain sor-
ghum. These crops are typically not as lu-
crative as corn, but they are sustaining 
Funk’s family. To farm without ground-
water, Funk has changed some of his 
methods. Instead of plowing his fields af-
ter harvest, he leaves the stubble in the 
ground and plants a new crop in the resi-
due. This technique not only reduces soil 
erosion but also decreases evaporation 
and catches more blowing snow than bare 
ground. Leaving crop residue in the field 
can reduce moisture loss by the equivalent 
of an inch or more of rainfall annually, sci-
entists say. Funk aims to capture every bit 
of the 18 inches of precipitation that fall 
on southwestern Kansas. “Got to,” he says. 

“It’s all we’ve got around here.”
Funk is part of a small but steady move-

ment away from groundwater dependence. 
The scientific certainty of Ogallala’s de-
cline has spurred an interest in conserva-
tion throughout the region. Researchers 
are developing less thirsty crops, includ-
ing drought-tolerant corn. Their goal is to 
reduce the amount of water corn crops re-
quire by at least 10 percent, says Wenwei 
Xu, a research scientist at Texas A&M. 
The Ogallala Initiative, a U.S. Depart-
ment of Agriculture project, funds studies 
designed to make the agricultural indus-
try—and the rural communities that de-
pend on it—more sustainable. An annual 
$3.6-million congressional appropriation 
supports the research, ranging from irri-
gation techniques and precipitation man-
agement to animal feedlot operations.

At a USDA research station near Ama-
rillo, Tex., scientists are compiling data 
that encourage Funk and other farmers to 
use low- or no-till techniques (such as 
leaving crop residue to decompose), says 
Nolan Clark, station director and an agri-
cultural engineer. Other projects aim to 
bring high tech down home. Engineers 
have installed 16 wireless infrared sensors 
on the arm of a center-pivot system used 
to irrigate cotton in a research plot. The 
sensors are calibrated to measure leaf tem-
peratures, allowing the plants themselves 
to tell computer-controlled irrigation 
equipment when they are thirsty. At a sci-
entifically determined threshold, the 

Eyeing profit: A new-age gold rush, for water, is adding even 
more pressure on the overused aquifer. Billionaire oilman T. Boone 
Pickens wants to build a 654-mile pipeline to ship Ogallala water  
underneath his massive Mesa Vista Ranch in the Texas panhandle  
to the dry Dallas and El Paso metropolises. JA
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sprinklers turn on automatically. Because 
these robotic irrigation systems apply wa-
ter only when it is needed, in test fields 
they are saving two inches per crop per 
season, Clark says.

Evapotranspiration is another way 
plants can communicate with high-tech 
irrigation systems. Researchers are de-
signing equipment that uses lasers to mea-
sure the turbulence caused by heat waves 
above crops. The greater the turbulence, 
the more water plants need. The laser 
equipment will eventually estimate daily 
evapotranspiration rates on a regional 
scale. These will be posted on the Internet, 
giving farmers information they can use 
to adjust their irrigation to the needs of 
their crops.

Such devices may not save dramatic 
amounts of water, but in West Texas, 
where the Ogallala is in rapid decline, they 
are critical. A savings of 10 to 15 percent 
per crop per season spread over millions 
of acres—“that’s a significant amount of 
water,” Clark says. “We may not make the 
aquifer sustainable, but we may give it an-
other 100 years.”

New Demands
Yet even as these innovations move from 
experimental plots to production fields, 
improvements in efficiency may be offset 
by new demands on groundwater. Bio-
fuels are the latest enticement to grow 
corn, which garners higher profits but re-
quires more water than most other crops. 
Plans to double the number of ethanol 
production facilities in the High Plains re-
gion are driving farmers to increase corn 
production despite already scarce ground-
water. That could require up to 120 billion 
additional gallons of Ogallala water an-
nually, according to a report by the Envi-
ronmental Defense Fund (EDF).

Growing populations throughout the 

Great Plains region are also demanding 
more municipal water from the only avail-
able source: the aquifer. T. Boone Pickens, 
the billionaire oilman and recent alterna-
tive energy advocate, is among the entre-
preneurs who have entered the domestic 
water market. A Texas law granting land-
owners unrestricted rights to the water be-
neath their property makes it possible for 
Pickens to sell groundwater from his 
24,000-acre Mesa Vista Ranch in the Tex-
as panhandle to metropolises as far away 
as Dallas and El Paso. The 654-mile pipe-
line he plans to build to El Paso would cost 
$2.1 billion. But with water sales priced at 
more than $1,000 an acre-foot, profit is 
waiting to be had.

Looming over these new demands for 
the Ogallala’s finite water supply is cli-
mate change. Although precipitation in 
Nebraska at the northern end of the aqui- PE
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Solution: Agricultural engineers Susan O’Shaughnessy and Nolan Clark adjust the field of view for 
wireless infrared sensors on an advanced irrigation system. The sensors measure leaf stress, allowing 
the plants themselves to tell the equipment when they are thirsty, reducing wasted watering.  

Leaving crop residue in the field instead
of removing it can reduce precipitation
loss  by the equivalent of an inch or
more of rainfall annually.

—NOLAN cLArk 
Agricultural engineer and uSdA research station director
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fer will likely increase, scientists predict 
the southern parts of the region will get 
even less than the 16 inches of annual pre-
cipitation they now receive.

In the face of these combined demands 
on the already overtapped aquifer, many 
High Plains water users are joining Funk 
in reassessing their futures. No matter 
how efficiently they use it, they know the 
groundwater will eventually be gone—

leaving them, their communities, and 
most of the region high and dry. Like 
Funk, they are starting to make plans for 
a time when the Ogallala will not meet 
their economic needs. Some growers are 
joining Funk in moving to dryland farm-
ing—growing wheat and other crops that 
do not require irrigation. In eastern Colo-
rado, farmers are planting hardy sunflow-
ers, which require 30 percent less water 
than corn.

Other farmers are turning to native 
grasslands for economic alternatives. Be-
fore European settlers arrived, the billion 
acres of grasses that blanketed the High 
Plains were home to pronghorn antelope 
and swift fox, lesser prairie chickens and 
burrowing owls as well as buffalo. Blue 
grama, green needle grass and other 
drought-resistant plants thrived in the 
short growing season. More than half 
these native grasslands have been convert-
ed to crops, including nearly 25 million 
acres since 1982, according to a 2007 
General Accounting Office study.

A return to grasslands could be a poten-
tial source of income, says Amy Hardberg-
er, an attorney with the EDF in Austin, 
Tex. In a project she is coordinating, farm-
ers are experimenting with grassland res-
toration on fields they have been forced to 
retire because of groundwater depletions. 
In addition to providing wildlife habitat, 
grasslands could be grazed by cattle or 
even buffalo. Hunting, ecotourism and  
 “dude ranches” are other potential sources 
of income from grasslands. And once a na-
tional carbon market is established, farm-
ers could sell credits for storing carbon in 
grassland soil. “This is a tough group of 
people,” says Hardberger, whose grandfa-
ther raised cotton near Lubbock, Tex. 
 “They don’t want to leave their land—and 
they shouldn’t have to.”

Several federal government programs 

provide economic incentives for conserva-
tion of existing grasslands—recognizing 
their role in reducing erosion, sequester-
ing carbon, and providing habitat for the 
lesser prairie chicken and other endan-
gered species. But these programs often 
work at cross-purposes with federal price-
support incentives to produce corn and 
other commodities. Subsidies for crops 
are generally higher than subsidies for 
grassland conservation, making the choice 
simple for most growers.

The contradictions in these federal pro-
grams reflect America’s ambivalence 
about the Ogallala Aquifer. Eventually 
the nation will need a strategy to end its 
dependence on this finite resource, says 
Stone, the Groundwater Trust executive. 

But for now, across much of the High 
Plains it’s business as usual: drilling and 
pumping water, irrigating and growing 
crops as if the Ogallala era will never 
end.

For Funk in Garden City, it already has. 
Using technology and foresight, he has 
transformed his farm into a business he 
believes can continue into the distant fu-
ture without draining the Ogallala. “For-
ever? We hope so,” he says. “That’s been 
our goal.” •

Jane Braxton Little is a writer and pho-
tographer based in Plumas County, Calif. 
She wrote about restoring the Borneo rain 
forest in the previous issue of Scientific 
American Earth 3.0. 

AdApt And cOnserve

new outlook: strict regulations could 
conserve water. so could less thirsty crops. 
Some farmers are already adjusting to Ogallala Aquifer declines by replacing thirsty crops such 
as corn with sunflowers and other less demanding options. Most local residents also acknowl-
edge the need to regulate pumping over the long term, even though there is widespread resis-
tance to government interference. Nevertheless, state and local officials throughout the region 
are adopting groundwater rules. Nebraska imposes a minimum distance between wells. In Col-
orado, permits for new wells are not issued until the amount of groundwater underneath the 
land has been determined. Kansas requires meters on all large-capacity wells and limits pump-
ing to an amount that can be sustained over the long term. Some local groundwater districts 
have cut pumping in half to protect public wetlands and downstream water rights. Others are 
considering reducing groundwater usage by 40 percent over the next 25 years. Although each 
of the eight states is facing the reality of groundwater declines in its own way, they are united 
on at least one front: no one wants the federal government to intervene.   —J.B.L.
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WWhen a word becomes so popular 
you begin hearing it everywhere, in 
all sorts of marginally related or 
even unrelated contexts, it means 
one of two things. Either the word 
has devolved into a meaningless cli-
ché, or it has real conceptual heft. 
“Green” (or, even worse, “going 
green”) falls squarely into the first 
category. But “sustainable,” which 
at first conjures up a similarly vague 
sense of environmental virtue, actu-
ally belongs in the second. True, 
you hear it applied to everything 
from cars to agriculture to econom-
ics. But that’s because the concept 
of sustainability is at its heart so 
simple that it legitimately applies to 
all these areas and more.

Despite its simplicity, however, 
sustainability is a concept people 
have a hard time wrapping their 
minds around. To help, Scientific 

American Earth 3.0 has consulted 
with several experts on the topic to 
find out what kinds of misconcep-
tions they most often encounter. 
The result is this take on the top  
10 myths about sustainability. And  
after this introduction, it’s clear 
which myth has to come first....

 
Myth 1: 
nobody knows what sustainability  
really means.

That’s not even close to being true. By all accounts, the mod-
ern sense of the word entered the lexicon in 1987 with the pub-
lication of Our Common Future, by the United Nations World 
Commission on Environment and Development (also known 
as the Brundtland commission after its chair, Norwegian dip-
lomat Gro Harlem Brundtland). That report defined sustain-
able development as “development that meets the needs of the 
present without compromising the ability of future generations 
to meet their own needs.” Or, in the words of countless kinder-
garten teachers, “Don’t take more than your share.”

Note that the definition says nothing about protecting the 
environment, even though the words “sustainable” and “sus-
tainability” issue mostly from the mouths of environmental-
ists. That point leads to the second myth.. . .

Even advocates for more responsible, environmentally 
benign ways of life harbor misunderstandings 
of what “sustainability” is all about

By Michael D. Lemonick
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Myth 2: 
sustainability is all about  
the environment.

The sustainability movement itself—not just the word—also 
dates to the Brundtland commission report. Originally, its fo-
cus was on finding ways to let poor nations catch up to richer 
ones in terms of standard of living. That goal meant giving 
disadvantaged countries better access to natural resources, 
including water, energy and food—all of which come, one  
way or another, from the environment. “The economy,” says 
Anthony Cortese, founder and president of the sustainability 
education organization Second Nature, “is a wholly owned 
subsidiary of the biosphere. The biosphere provides every-
thing that makes life possible, assimilates our waste or con-
verts it back into something we can use.”

If too many of us use resources inefficiently or generate 
waste too quickly for the environment to absorb and process, 
future generations obviously won’t be able to meet their needs. 
Says Paul Hawken, the author (his latest book is Blessed Un-
rest: How the Largest Movement in the World Came into Be-
ing, and Why No One Saw it Coming) and entrepreneur (he’s 
a co-founder of the Smith & Hawken garden tools company) 
who helped to found the sustainability movement: “We have 
an economy where we steal the future, sell it in the present, 
and call it GDP [gross domestic product].”

If people continue to pour carbon dioxide (CO2) into the 
air, for example, we won’t necessarily exhaust resources 
(there’s plenty of coal still in the ground), but we will change 
the climate in ways that could very likely impose huge burdens 
on future generations. The same, of course, goes for the poi-
sonous by-products other than CO2 from all kinds of human 
activity, from manufacturing to mining to energy generation 
to agriculture, that get dumped onto the land and into 
streams, oceans and the atmosphere.

The nonenvironmental rationales for sustainability get a 
little squishier when we talk about intangibles, such as the 
beauty of nature or the value of wilderness. “In wildness is the 
preservation of the world,” wrote Henry David Thoreau; the 
national parks movement that began in the U.S. at the end of 
the 19th century and has since spread internationally springs 
from that idea. In modern terms, because humans evolved in a 
nontechnological world, we seem to need some connection to 
nature to be content. That concept is tough to prove scientifi-
cally. Nevertheless, says Nancy Gabriel, program director at 
the Sustainability Institute in Hartland, Vt., “If you look at 
Western society, you have huge rates of depression, isolation, 
[and] people who are disenfranchised. I think that reconnect-
ing to the land is an important way of reestablishing a basic 
level of happiness.” That kind of intangible connection has led 
towns, cities and states all over the U.S., but especially in 
built-up areas, to preserve land for open space.

A related but separate myth is. . . . Pe
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Myth 3: 
“sustainable” is a synonym for “green.”

Although there’s a fair amount of overlap between the terms, 
“green” usually suggests a preference for the natural over the 
artificial. With some six billion people on the planet today, 
and another three billion expected by the middle of the centu-
ry, society cannot hope to give them a comfortable standard 
of living without a heavy dependence on technology. Electric 
cars, wind turbines and solar cells are the antithesis of natu-
ral—but they allow people to get around, warm their houses 
and cook their food with renewable resources (or at least, a 
much smaller input of nonrenewables) while emitting fewer 
noxious chemicals.

It’s probably more difficult to see nuclear power as sustain-
able. Unlike the other alternative energy sources, it has long 
been anathema to environmentalists, largely because of the 
problem of storing radioactive waste. But nuclear reactors are 
also a highly efficient source of power, emit no pollutant gases 
and—with some types, anyway—can be designed to generate 
minimal waste and to be essentially meltdown-proof. That’s 
why Patrick Moore, a co-founder of Greenpeace, has become 
a nuclear booster and why many other environmentalists are 
beginning—sometimes grudgingly—to entertain the idea of 
embracing nuclear. Calling it green would be a stretch. Call-
ing it sustainable is much less of one.
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Myth 4: 
it’s all about recycling.

“I get that a lot,” says Shana Weber, the 
manager of sustainability at Princeton 
University. “For some reason, recycling 
was the enduring message that came out 
of the environmental movement in the 
early 1970s.” And of course, recycling is 
important: reusing metals, paper, wood 
and plastics rather than tossing them re-
duces the need to extract raw materials 
from the ground, forests and fossil-fuel 
deposits. More efficient use of pretty 
much anything is a step in the direction 
of sustainability. But it is just a piece of 
the puzzle. “I deal with the people who 
run the recycling program here,” Weber 
notes, “but also with purchasing, dining 
services, the people who clean the build-
ings. The most important areas by far in 
terms of sustainability are energy and 
transportation.” If you think you are liv-
ing sustainably because you recycle, she 
says, you need to think again. 

Myth 5: 
sustainability is too expensive.

If there is an 800-pound gorilla in the room of sustainability, 
this myth is it. That’s because, as Gabriel observes, “there’s a 
grain of truth to it.” But only a grain. “It’s only true in the 
short term in certain circumstances,” Cortese says, “but cer-
tainly not in the long term.” The truth lies in the fact that if 
you already have an unsustainable system in place—a factory 
or a transportation system, for example, or a furnace in your 
house, an incandescent lightbulb in your lamp or a Hummer 
in your driveway—you have to spend some money up front to 
switch to a more sustainable technology.

In general, governments and companies can take that step 
more easily than individuals can. “Over the past seven years,” 
Cortese explains, “DuPont has made investments that have 
reduced its greenhouse gas emissions by 72 percent over 1990 
levels. They’ve saved $2 billion.” The Pentagon is determined 
to cut its energy use by a third, both to save money and to re-
duce its dependence on risky foreign oil supplies.Pe
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Myth 7: 
consumer choices and grassroots 
activism, not government intervention, 
offer the fastest, most efficient routes  
to sustainability.

Popular grassroots actions are helpful and ultimately neces-
sary. But progress on some reforms, such as curbing CO2 
emissions, can only happen quickly if central authorities com-
mit to making it happen. That is why tax credits, mandatory 
fuel-efficiency standards and the like are pretty much inevita-
ble. That conclusion drives free-market evangelists crazy, but 
they operate on the assumption that wasteful use of resources 
and the destruction of the environment is without cost, which 
is demonstrably untrue. 

To cite just one example, economic devastation is very likely 
under even the mildest plausible climate change scenarios, in 
the form of disruptions to agriculture from shifts in rainfall pat-
terns and growing zones; densely populated coastal areas will 
be rendered unlivable as sea level rises, and so on. Yet the price 
currently being charged to people who add greenhouse gases to 
the atmosphere is zero. Putting a per-ton tax on carbon emis-
sions would be wildly unpopular, but it would for the first time 
account for the real costs of unsustainable energy use.

Free-market purists also argue that with respect to the de-
pletion of natural resources, rising prices will automatically 
push people into more efficient behavior. True enough—but 
the transition can be painful and disruptive. The primary rea-
son U.S. automakers are in such trouble is that they have been 
depending for years on high-profit, gas-guzzling SUVs. When 
the price of oil shot up last year, the market for big cars plum-
meted (gas prices have only come down since then in the face 
of a worldwide recession, which hasn’t helped the auto indus-
try). So car buyers may have changed their behavior, but only 
at the cost of potential disaster for some of America’s biggest 
companies and their employees.

Still, rising energy prices have had the effect of again galva-
nizing research into wind, solar and other alternatives—and if 
you leave economic disruption aside, we can at least count on 
car companies to make more efficient vehicles and on utilities 
to find more sustainable sources of energy. But that outcome 
may reflect another myth….

Myth 6: 
sustainability means lowering  
our standard of living.

Not at all true. It does mean that we have to do more with less, 
but as Hawken argues, “Once we start to organize ourselves 
and innovate within that mind-set, the breakthroughs are ex-
traordinary. They will allow us to achieve greatly superior 
rates of resource productivity, which in turn allow us to be 
prosperous, fed, clad, secure.” Moreover, he and others main-
tain that the innovation at the heart of sustainable living will 
be a powerful economic engine. “Addressing climate change,” 
he says, “is the biggest job creation program there is.”
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Myth 8: 
new technology is always the answer.

Not necessarily. During his presidential campaign, Barack 
Obama made the tactical mistake of pointing out that proper 
tire inflation could save Americans millions of gallons of gaso-
line through better fuel economy. The Republicans ridiculed 
him, just as they did President Jimmy Carter for appearing on 
TV in a sweater during the energy crisis of the late 1970s. 
Both Carter and Obama were right, however (California’s Re-
publican governor Arnold Schwarzenegger has called for 
proper tire inflation as well).

In other words, sometimes existing technology can make a 
huge difference. Sometimes it takes a creative business model. 
Israeli entrepreneur Shai Agassi, for example, wants to electri-
fy the world’s car fleet—widely acknowledged as a big step to-
ward cutting down carbon emissions—not by inventing a bat-
tery that gets 200 miles on a charge but by inventing a better 
system for letting drivers go as far as they want without re-
charging. His proposal, which has been adopted on a pilot ba-
sis by Israel and Denmark, would create battery exchange sta-
tions along highways, analogous to the gas canister exchanges 
that people now use for barbecue grills. What do you do if you 
are out on the road and your battery is running low? You pull 
into a station, your dead battery is swapped for a fully charged 
one and you’re on the road again in a few minutes.

“He’s delivering distance, not better batteries,” says Mark 
Lee, CEO of the London consulting firm SustainAbility. 
“There’s an Italian utility that’s selling its customers hot water, 
not energy to heat water. It’s a different way of measuring, and it 
gives the company an incentive to be more efficient so it can be 
more profitable.”

Myth 9: 
sustainability is ultimately  
a population problem.

This is not a myth, but it represents a false solution. Every en-
vironmental problem is ultimately a population problem. If 
the world’s population were only 100 million people, we 
would be hard-pressed to generate enough waste to over-
whelm nature’s cleanup systems. We could dump all our trash 
in a landfill in some remote area, and nobody would notice.

Population experts agree that the best way to limit popula-
tion is to educate women and raise the standard of living gener-
ally in developing countries. But that strategy cannot possibly 
happen quickly enough to put a dent in the population on any 
useful timescale. The U.N. projects that the planet will have to 
sustain another 2.6 billion people by 2050. But even at the cur-
rent population level of 6.5 billion, we’re using up resources at 
an unsustainable rate. There is no way to reduce the population 
significantly without trampling egregiously on individual rights 
(as China has done with its one-child policy), encouraging mass 
suicide or worse. None of those proposals seems preferable to 
focusing directly on less wasteful use of resources. 

Myth 10: 
once you understand the concept, living 
sustainably is a breeze to figure out.

All too often, a choice that seems sustainable turns out on clos-
er examination to be problematic. Probably the best current 
example is the rush to produce ethanol for fuel from corn. 
Corn is a renewable resource—you can harvest it and grow 
more, roughly indefinitely. So replacing gasoline with corn eth-
anol seems like a great idea. Until you do a thorough analysis, 
that is, and see how energy-intensive the cultivation and harvest-
ing of corn and its conversion into ethanol really are.

One might get a bit more energy out of the ethanol than was 
sunk into making it, which could still make ethanol more sus-
tainable than gasoline in principle, but that’s not the end of the 
problem. Diverting corn to make ethanol means less corn is left 
to feed livestock and people, which drives up the cost of food. 
That consequence leads to turning formerly fallow land—in-
cluding, in some cases, rain forest in places such as Brazil—into 
farmland, which in turn releases lots of carbon dioxide into the 
atmosphere. Eventually, over many decades, the energy benefit 
from burning ethanol would make up for that forest loss. But 
by then, climate change would have progressed so far that it 
might not help.

You cannot really declare any practice “sustainable” until 
you have done a complete life-cycle analysis of its environmen-
tal costs. Even then, technology and public policy keep evolv-
ing, and that evolution can lead to unforeseen and unintended 
consequences. The admirable goal of living sustainably re-
quires plenty of thought on an ongoing basis.  •

Michael D. Lemonick is a senior writer at Climate Central, 
a nonprofit climate change think tank in Princeton, N.J.
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 biotechnology

Companies are poised to go commercial with gasoline substitutes made 
from grass, algae and the ultimate source: engineered microorganisms

By Melinda Wenner

Aamericans burn through 140 billion  
gallons of gasoline a year. And even if 
drivers switch to more fuel-efficient cars 
and trucks, the nation’s fuel needs are 
expected to increase by a fifth over the 
next 20 years, thanks to dramatic increas-
es in car and airplane use. Which is why, 
in addition to developing solar, wind and 
geothermal energy, policy makers, includ-
ing President Barack Obama, are advocat-
ing biofuels to transform the transporta-
tion culture.

They’re not talking about ethanol from 
corn, however, which has already proved 
wasteful and environmentally damaging. 
Instead eyes are on a handful of high-tech 
labs around the U.S. that are perfecting 
ways to make the equivalent of gasoline 
and diesel from the lowest life-forms on 
the totem pole: yeast, algae and bacteria. 
The challenge is to make enough of these 
fuels economically and in a form compat-
ible with today’s vehicles. 

Once the next generation of biofuels 

becomes available, you could swing by the 
local energy station and fill up on a liquid 
that is virtually identical to gasoline. It 
would be made by U.S. companies, not 
shipped from the Middle East. And even 
though biofuels release carbon dioxide 
when they are burned, the organisms they 
are made from draw an equivalent amount 
of carbon dioxide from the air—making 
biofuels essentially carbon-neutral.

Going beyond Corn
Gasoline is refined from crude oil. Do-it-
yourselfers who don’t want to depend on 
the oil companies have gone to elaborate 
lengths to run their old cars on biofuels, 
often by processing used vegetable oil sal-
vaged from restaurant deep fryers and 
storing the result in a tank in the garage. 
On a commercial scale, however, today’s 
main biofuel is ethanol, also known as 
grain alcohol. It is made by fermenting 
corn kernels—a biological process similar 
to the one that gives us beer and wine. Put 

J. Craig Venter: The founder of 
Synthetic Genomics is only one of the 

entrepreneurs seeking to produce 
hydrocarbon fuels from more 

sustainable, nonfossil sources. 

The 
Next Generation
of BIOFUELS
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corn and yeast together in a big vat, and the yeast eats sugars in 
the corn, producing ethanol and water. Today more than 40 per-
cent of the gasoline sold in the U.S. contains ethanol—typically 
premixed with gasoline to make a blend called E10 that is 90 per-
cent gasoline, 10 percent ethanol. In a few areas, primarily the 
Midwest, a blend that is 85 percent ethanol (E85) is also sold for 
use in vehicles that have so-called flex-fuel engines.

Corn has been the raw material of choice because fermenta-
tion is a proved process and because of government subsidies. 
The agriculture industry, which is strongly wed to ethanol, has 
been able to convince the government to back its interests. But 
most scientists agree that the ethanol experiment hasn’t gone 
very well. According to a study published by Cornell University 
scientist David Pimentel, 21 pounds of corn are needed to pro-
duce just one gallon of ethanol. And farming that corn requires 
half a gallon of fossil fuels. 

So not only could the production of corn-based fuels lead to 
food shortages, experts say, but the process is too inefficient to 
make a significant dent in our energy needs anyway. “When you 
look at what our ethanol production is and compare that against 
what our demand for transportation fuels is, we won’t get there,” 
says Virginia Lacy, a biofuels consultant at the Rocky Mountain 
Institute, a nonprofit energy policy organization in Colorado.

Most researchers agree that it’s time to dump corn-based eth-
anol, but they have two opposing theories about how to proceed. 
Jay Keasling, a chemical engineer at the University of California, 
Berkeley, is one of several investigators trying to make ethanol 
and related fuels from plants such as switchgrass, which grows 
quickly and resists many pests and diseases. His biggest chal-
lenge is getting yeast and other experimental microbes to digest 
all of the plant, including the stalks, which are tough to break 
down. Another sticking point for Keasling’s method is that plants 
require lots of space, not to mention time, to grow: our demand 
for plant-based fuels could surpass our ability to produce them.

That is why a second group of scientists—including J. Craig 
Venter, the entrepreneur and biologist whose Institute for Genom-
ic Research in Rockville, Md., played a key role in mapping the 
human genome—argues for a bolder approach. These research-
ers believe that the best biofuels will bypass crop plants—cutting 
out the middleman entirely—relying instead on algae and a few 
microorganisms that have a plantlike knack for directly and effi-
ciently turning sunlight into energy through photosynthesis. The 
scheme has yet to be proved on a large scale, however. “I haven’t 
seen anyone really do a fair calculation of what algae can do,” 
Keasling notes, “and until I see that, I’m not convinced.”

Regardless of the method, scientists will have to improve on 
Mother Nature to make a successful biofuel, tinkering with ex-
isting microorganisms or even building brand-new ones. Dozens 
of start-ups are manufacturing fuels from novel strains of yeast, 
algae and bacteria. Several promise that by 2011 they’ll have 
made gasoline or diesel substitutes that can be pumped directly 
into cars. And although these biofuels will probably first be sup-
plied preblended with traditional gasoline or diesel—much the 
way E10 is today—one day we may use them alone and say good-
bye to petroleum-based gasoline forever.

From BioWillie to the Q Microbe
Keasling’s idea of fun is making microorganisms do strange 
things. “I want to see how much we can tweak cells and probe 
the limits of nature,” he says. Microbes are perfect little factories 
because they can be engineered to perform practically any chem-
ical reaction. They also replicate on their own, whereas chemi-
cal reactions in the lab require a scientist’s near-constant atten-
tion. Since Keasling joined the Berkeley faculty in 1992, he has 
engineered bacteria to produce lifesaving malaria drugs and bio- d
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Generation 1 biofuels: Corn (shown at left) and yeast can be mixed in a 
bioreactor for fermentation, which produces ethanol for use as fuel, along 
with water and carbon dioxide by-products (above).

The countries that succeed in this 
will be the economic winners of 
the next age to the same extent 
that the oil-rich nations are today.

—J. craig Venter 
founder, synthetic genomics
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degradable plastics and to break down a range of environmental 
contaminants.

Now Keasling has turned his attention to energy. In Decem-
ber 2008 he and his colleagues at the Emeryville, Calif.–based 
Joint BioEnergy Institute, one of three new Department of Ener-
gy research centers developing sustainable biofuels, modified a 
common yeast strain so that it could generate digestive enzymes 
normally used by four different microorganisms. The jazzed-up 
yeast could digest more of the cellulosic plant material, pumping 
out up to 10 times as much biofuel.

Keasling grew up on a corn farm in a small Nebraska town, so 
he understands the downside of corn-based ethanol. Farmers 
make the fuel by chemically treating corn kernels to isolate the 
sugars and then feeding the sugars to yeast, which digests them 
and secretes ethanol. Not only do the corn husks and stalks go to 

waste, but ethanol production has driven up the price of the corn 
that is used for food by reducing its availability. Environmental-
ists have also become critical of using corn, sugarcane and other 
agricultural crops because they typically need lots of fresh water, 
fossil fuel–rich fertilizer and land to grow. Keasling is designing 
new forms of yeast, bacteria and archaea—three types of single-
celled organisms—with special digestive systems that can break 
down the complex starches known as cellulose that are found not 
only in cornstalks but in many grasses, shrubs and trees. Because 
these plants aren’t food crops, they won’t detract from the food 
supply. If we ever hope to replace a large fraction of gasoline with 
biofuels, “it’s going to have to be through plants,” he says.

Keasling is also looking to engineer microbes to produce what 
he calls “second-generation” biofuels such as butanol, isopen-
tanol and hexadecane. Though similar in structure to ethanol, 
these fuels behave much more like gasoline. They contain more 
energy per volume; a car driving on a gallon of ethanol will go 
only 67 percent as far as a car on a gallon of gasoline; on butanol, 
it can go 80 percent as far. And unlike ethanol, these fuels can be 
used directly in jet and diesel engines. 

Other innovators are taking similar approaches. Two Califor-
nia-based companies—Amyris Biotechnologies, which Keasling 
co-founded in Emeryville in 2003, and LS9 in San Carlos—have 
engineered bacteria to eat plants and secrete biodiesel. Biodiesel 
is best known as the fuel made from recycled vegetable oil, the 
kind used by superenvironmentalists such as singer Willie Nelson, 
who calls it “BioWillie.” But we simply don’t eat enough french 
fries to make large volumes of fuel this way. Qteros, a company 
based in Hadley, Mass., is using a proprietary bacterium it calls 
the “Q microbe” to break down cellulosic plants and convert 
them to ethanol. Gevo, a biotech firm in Englewood, Colo., is en-
gineering bacteria to make isobutanol from sugarcane and cellu-Ja
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Generation 2 biofuels: Cellulose from plant sources such as sawgrass 
(shown below) is mixed in a bioreactor with either yeast or bacteria for fer-
mentation, which produces ethanol, butanol or other compounds for use as 
fuel, along with water and carbon dioxide by-products (above).
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losic plant waste. “This is not a dream,” says Frances Arnold, a 
chemical engineer at the California Institute of Technology and 
one of Gevo’s founders. “The technology works great.” 

Indeed, biofuels aren’t really a stretch—humans have been us-
ing microorganisms to ferment plants into ethanol ever since 
Stone Age people began making beer around 10,000 B.C. To-
day’s work hinges on engineering a perfect microbe that will eat 
the entirety of a plant, retain only a little of this food for itself 
and spew out the rest as a high-energy fuel. “We’re at a point in 
biology,” Keasling says, “where we don’t have to accept what na-
ture has given us.”

Pond Scum Revisited
Other scientists argue that fermentation is not the best way to 
make fuel. Venter believes his more forward-thinking approach 
will prevail. The “most exciting” biofuel, he says, will be made 
from microbes that, when exposed to sunlight, consume carbon 

dioxide and turn it into energy directly—the equivalent of up-
grading to a direct airline flight from one that had a long stop-
over. The idea might sound too good to be true, but Venter, who 
is known for his restless ambition, says it is possible. 

The earth’s energy comes from the sun. An hour’s worth of 
sunlight holds enough power to meet a year’s worth of human 
energy needs. But less than a tenth of 1 percent of that energy is 
captured by plants. Venter and other scientists are experiment-
ing with photosynthetic microbes such as algae and cyanobacte-
ria (sometimes referred to as blue-green algae). Not only do these 
microbes remove carbon dioxide from the air, they also grow 
quickly—some forms double in just 12 hours, whereas grasses 
and other large plants can take weeks or months to do so. Pho-
tosynthetic microbes also store plenty of fat, which forms the ba-
sis for fuel. Biologist Willem Vermaas of Arizona State Univer-
sity recently engineered cyanobacteria to accumulate up to half 
their dry weight in fat; just by opening up the cells, he can har-
vest the stored fats and convert them, in a few simple steps, into 
biofuel. Some plants, such as soybeans, also store fats and can be 
used as fuel sources, but Bruce Rittmann, Vermaas’s colleague 
at Arizona State, argues that photosynthetic microbes produce 
nearly 250 times more fat per acre.

The concept of algae-based fuel is not exactly new, and it’s 
fraught with problems. In 1978 the DOE began trying to make 
biodiesel from algae, but the program ended 18 years later after 
the government concluded the concept wasn’t economically fea-
sible. Algae and cyanobacteria are complicated critters: although 
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Generation 3 biofuels: When photosynthetic algae or cyanobacteria 
(shown growing inside cylinders at right) are exposed to sunlight and carbon 
dioxide, they produce and stockpile fats inside their cells. Exposing the cells 
to a chemical solvent frees these fat molecules, which can be refined into 
biodiesel (above).

I want to see how much we can 
tweak cells and probe the limits 
of nature.... We’re at a point in 
biology where we don’t have to 
accept what nature has given us.

—Jay keasling 
ceo, Joint Bioenergy institute
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they can grow in open ponds, unwanted microbial strains can 
easily contaminate the water and interfere with the growth of the 
fuel-making strains. Venter’s alternative is to grow algae in trans-
parent, outdoor vessels called photobioreactors, but these con-
tainers are expensive to build and maintain. They must also be 
constructed so that the right amount of sunlight hits them—too 
much or too little slows growth. What is more, harvesting the 
microbes and sucking out the stored fats requires environmen-
tally unfriendly solvents, and new organisms have to be grown 
to replace the harvested ones.

Venter says that his newest company, Synthetic Genomics in 
La Jolla, Calif., is well on its way to overcoming one of the hur-
dles: his microbes can be reused multiple times because he has 
engineered them to release fat rather than store it. In addition, he 
has found a way to prevent the unwanted spread of these organ-
isms should they ever be accidentally released from a facility; they 
can survive only if they are fed a chemical they cannot produce 

on their own. Synthetic Genomics will soon be testing the ap-
proach on a commercial level. “We’ve had some really major 
breakthroughs,” Venter says.

Hedged Bets in a High-Stakes Game
Other companies are well on their way, too. San Diego biotech 
firm Sapphire Energy claims it could be selling gasoline made 
from algae by 2011. Solix Biofuels, a start-up based in Fort Col-
lins, Colo., plans to have its first pilot facility running by this 
summer. “A lot of people said we’d never fly, we’d never walk on 
the moon, the lightbulb would never work. What it takes is a lot 
of discipline and diligence to move forward,” says Rich Schoon-
over, Solix’s chief operating officer. 

So which kind of microbe will save the earth? Samir Kaul, a 
partner at Khosla Ventures, a San Francisco Bay Area venture 
capital firm that backs start-ups pursuing both approaches, says 
the companies that survive will be the ones whose fuels can com-
pete with oil at $40 a barrel. Venter agrees: “I think that’s going 
to end up being the biggest challenge: Can we build these really 
large facilities and do it in a cost-effective, environmentally 
friendly way?” It’s a high-stakes game, and even the scientists are 
hedging their bets; some of Venter’s projects involve cellulosic 
biofuels, similar to what Keasling is doing. And despite Ritt-
mann’s allegiance to cyanobacteria, he is also working with oth-
er microbes.

Whoever produces abundant biofuels could end up making 
more than just big bucks—they will make history. “The compa-
nies, the countries, that succeed in this will be the economic 
winners of the next age to the same extent that the oil-rich na-
tions are today,” Venter says. He even suggests, in his character-
istically unabashed way, that those companies and nations could 
end up igniting a second industrial revolution—one fueled by the 
need to undo the environmental consequences of the first.  •

Melinda Wenner is a freelance writer based in Brooklyn, N.Y.
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Oxygen

Biodiesel
1  2  Algae or bacteria

automatically secrete fats,
which are then re�ned

Fats grow inside
engineered algae
or bacteria

Carbon dioxide
and sunlight

Generation 4 biofuels: Genetically engineered photosynthetic cells  
under development (shown at right), when exposed to sunlight and carbon 
dioxide, could produce and secrete energy-rich fats, which could then be  
refined directly into biodiesel fuel (above).
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Giving the Grid Some 
BackBone

aa stiff wind blows year-round in 
North Dakota. In Arizona the sun beats 
down virtually every day. The U.S. has 
vast quantities of renewable electricity 
sources waiting to be tapped in these 
regions, but what it does not have there 
are power lines—big power lines that can 
carry the bountiful energy to distant cities 
and industries where it is needed.

The same is true beyond the windswept 
high plains and the sun-baked Mojave 
Desert: renewable supply and electricity 
demand are seldom in the same place, and 
too often the transmission lines needed to 
connect them are missing. The disparity 
exists even in New England, where hun-
dreds of miles of high-tension wires sup-
ported by thousands of steel towers run 
neatly through dense areas of settlement. 
When Gordon Van Wiele, chief executive 
of ISO New England—in charge of trans-
mission in the six-state region—unfurls a 
map of the land there, large ovals show the 
location of the best wind sites: Vermont 
near the Quebec border and eastern Maine 

spilling over into New Brunswick. But 
sure enough, no transmission lines tran-
sect them.

The U.S. has the natural resources, the 
technology and the capital to make a mas-
sive shift to renewable energy, a step that 
would lower emissions of greenhouse gas-
es and smog-forming pollutants from 
coal-fired power plants while also freeing 
up natural gas for better uses. Missing is a 
high-voltage transmission backbone to 
make that future a reality. In some places, 
wind power, still in its infancy, is already 
running up against the grid’s limits. “Most 
of the potential for renewable resources 
tends to be in places where we don’t have 
robust existing transmission infrastruc-
ture,” Van Wiele says. Instead, for decades 
electric companies have built coal, nucle-
ar, natural gas and oil-fired generators 
close to customers.

That strategy worked reasonably well 
until recently, when 28 state governments 
set “renewable portfolio standards” re-
quiring their utilities to supply a certain G
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The U.S. needs a high-voltage transmission system to 
deliver plentiful energy from wind and sunshine to 

power-hungry cities. At least one plan has emerged

By Matthew L. Wald
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Local power lines

765-kilovolt super line

345-kilovolt main line
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Wasted capacity: High-tension lines (right) 
run most efficiently at their maximum voltage. 
To make grids fault-tolerant, however, opera-
tors routinely run very high-voltage (765-kilo-

volt) lines at loads no higher than the maxi-
mum (345 kilovolts) of the parallel lines that 

would provide backup during a failure (above). 

portion of their electricity using renew-
ables, such as 20 percent by 2020 or even 
sooner. But as Kurt E. Yeager, former 
president of the Electric Power Research 
Institute in Palo Alto, Calif., points out, 
such standards “aren’t worth the paper 
they’re written on until we have a power 
system, a grid, that is capable of assimilat-
ing that intermittent energy without hav-
ing to build large quantities of backup 
power, fossil-fueled, to enable it.”

In Colorado the utility that serves most 
of the state, Xcel Energy, is now building 
a megawatt of natural gas capacity for ev-
ery megawatt of wind so that it is ready to 
come online quickly to provide power 
when the wind tails off. That plan is a car-
bon improvement but not really a carbon 
solution. The U.S. needs a new transmis-
sion backbone that crisscrosses the coun-
try, knitting together many large wind 
farms, solar-energy fields, geothermal 
pools, hydroelectric generators and other 
alternative sources. 

One utility company has already un-
veiled a grand plan for the U.S., and other 
experts are charting their own backbone 
schemes. But whichever one might prevail 
will require a lot of money and a lot of co-
ordination across what are now indepen-
dent areas of technological and political 
control.

Bottlenecks Would Benefit, Too
Even before the emphasis on climate 
change, reasons were mounting to remake 
the grid. Chief among them are bottle-
necks that stifle the flow of power.

North America is actually covered by 
four regional grids (three of which serve 
the U.S.). The largest is the Eastern Inter-
connection, an extensive complex of trans-
mission lines that stretches from Halifax 
to New Orleans, with substations that 
step down the high-voltage electricity to 
lower levels so that it can be distributed lo-
cally along smaller wires. West of the 
Rockies is the Western Interconnection, 
from British Columbia to San Diego and a 
small slice of Mexico. Texas, in an echo of 
its history as an independent republic, 
comprises its own grid, now called the 
Electric Reliability Council of Texas. And 
Quebec, with its separatist undercurrent, 
also has its own grid. The high-voltage 
transmission systems in the four regions 
comprise about 200,000 miles of power 
lines, divided among a staggering 500 
owners, that carry current from more 
than 10,000 power plants run by about 
6,000 investor-owned utilities, public 
power systems and co-ops.

The four interconnections are linked 
by short, high-voltage lines, but they do 
not provide nearly enough capacity to 

move sufficient power back and forth, 
much less to handle the additional burden 
of thousands of renewable sources with 
output that is intermittent and sometimes 
hard to predict. Transmission lines within 
the interconnections are similarly inade-
quate, strained by the ever increasing de-
mand for electricity. As a result, the entire 
grid is more prone to blackouts.

“The transmission system is being used 
closer to its limits more of the time than at 
any time in the past,” says Rick Sergel, 
president of the North American Electric 
Reliability Corporation, which sets oper-
ating standards for the system in the U.S. 
and parts of Canada. Restructuring of the 
electric industry has also created many 
more dispersed buyers and sellers, but the 
conduit to connect them has barely 
changed.

Transmission is not faring well even 
within the footprint of a single large util-
ity. Take American Electric Power (AEP), 
which serves a broad swath of the nation’s 
midsection. Throughout the 1980s a key 
high-voltage link near the center of its sys-
tem operated like an occluded artery. The 
bottleneck ran between two places most 
electricity users have never heard of: Ka-
nawha, Va., and Matt Funk, W.Va. At 
times the line hobbled the entire system, 
limiting transfer of abundant, cheap elec-
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tricity from dozens of coal plants in Illi-
nois, Indiana, Kentucky and Ohio to the 
hungry markets of the East Coast, which 
had to rely instead on local generators fu-
eled by more expensive natural gas or oil.

The line was rated as high as the indus-
try goes—a 765-kilovolt leviathan with 
towers 13 stories high, straddling a right-
of-way 200 feet wide. But it was usually 
limited to carrying less than half of its ca-
pacity because of the grid’s design. The 
electric system always has to be operated 
so that no single line failure will start a 
cascade of failures that would lead to a 
blackout. If the Kanawha–Matt Funk line 
tripped out of service at full load, it could 
send a wave of power flowing to a parallel 
but smaller line rated at only 345 kilo-
volts. That line would be knocked out, 
and a cascade might follow.

The occlusion started in the 1980s, 
when for a few hours every year limits on 
the line prevented interregional transfers 
of power that would have saved consum-
ers money. Instead new power plants had 
to be built or existing plants that were ex-
pensive to run were kept on when, eco-
nomically speaking, they should have 
been shut. By 1990 the hours ran into the 

hundreds, and AEP reached for the obvi-
ous cure: it decided to erect a parallel line, 
also rated at 765 kilovolts.

On paper the project was straightfor-
ward. The company already had decades 
of experience operating about 2,000 miles 
of such lines. And construction took a 
modest 30 months. The new line, which 
cost $306 million, finally entered service 
in June 2006. But that came after 14 years 
of work to get the permits from all kinds 
of jurisdictions that ruled part of the 
route, including two states and the U.S. 
Forest Service.

It is even more numbing to consider 
that in this case the entity that wanted to 
build the line was the same one that want-
ed to send power across it. Now consider 

the more typical situation—in which a 
power producer is trying to persuade an-
other company to build transmission—

and the prospect becomes even more com-
plicated. During the past two decades very 
little transmission capacity has been built. 
Seventy percent of the existing high- 
voltage system is consequently 25 years 
old or more, according to the U.S. Depart-
ment of Energy.

A Grand Plan
The electric system undergirds nearly ev-
ery aspect of modern life, from water sup-
plies and steel mills to traffic lights and the 
Internet. Although we think of it as a na-
tional institution, it is virtually a feudal 
system among those 500 owners. Control 
of the power flow is also balkanized 
among dozens of jurisdictions, an artifact 
of the grid’s history; it grew together from 
many small systems and local regulators 
that to this day are not melded.

Frustrated by internal complications 
such as the Kanawha–Matt Funk line, 
AEP last year teamed up with the DOE to 
rethink the grid for the whole country. 
The result—part of the DOE’s exploration 
of how to get 20 percent of U.S. electricity 

Western
Interconnection

Eastern
Interconnection

Texas
Interconnection

August 2003 blackout: A power failure 
that cascaded across the grid from Ohio to 
Canada and back to New York plunged  
communities into darkness. A new regional 
transmission-control center should prevent 
such problems and could help operate a na-
tional backbone, if one is built. 
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Un-United States of electrical America: The 
U.S. power grid consists of three distinct region-
al grids—the Western, Texas and Eastern inter-
connections, the last of which is itself a union of 

smaller grids. Ownership of the system is split 
among thousands of different entities.
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from wind by 2030—was a plan for a na-
tional, high-voltage transmission back-
bone. The 22,000-mile system would be 
to electricity what the interstate highway 
system is to transportation, enabling a dif-
ferent kind of energy economy suited for a 
carbon-conscious era.

The plan would not extend today’s 
transmission system, which often operates 
at no higher than 345 kilovolts. Rather it 
would be superimposed over it, with vari-
ous on- and off-ramps. The backbone 
would move power across the continent at 
the extreme high-voltage rating: 765 kilo-
volts, which would reduce typical system 
losses of 3 to 8 percent to around 1 per-
cent. The higher voltage would also re-
quire fewer lines than any lower-voltage 
option, meaning less real estate for rights-
of-way.

To further decrease losses, some long 
stretches would use direct current, instead 
of the usual alternating current that most 
of the system—and virtually all house-
holds and businesses—run on. Although 
direct-current lines are highly efficient, 
the equipment that converts alternating 

current into direct current and back again 
is not, so the advantage accrues on long 
spans—such as those from the windy high 
plains and the sunny Southwest. Those 
spans only make sense if they traverse 
sparsely populated areas, however. If the 
line was going from Wyoming to Chicago, 
notes Michael Heyeck, senior vice presi-
dent of transmission at AEP, “I’m sure 
Iowa or other states would want to tap 
into it.” Otherwise the line becomes like 
an interstate without an interchange, 
hardly welcome anyplace.

High-voltage lines of both varieties 
have long proved reliable. And there is 
now reason to believe that a national back-
bone could be effectively controlled. AEP 
recently opened a state-of-the-art trans-
mission control center in New Albany, 
Ohio, near Columbus, that could serve as 
a model for nationwide operation. The 
center sits far back from a local highway, 
surrounded by a moat, with an unmarked 
gatehouse in front. Inside, giant floor-to-
ceiling computer-driven displays show all 
the power lines and electricity flows across 
AEP’s entire system. The displays can 

show details down to the level of trans-
formers at individual substations and cir-
cuit breakers across thousands of square 
miles. The wall-size monitors also gener-
ate foglike clouds over large parts of the 
maps of entire states to indicate general 
voltage trends: white is good, orange is 
not, and red is worse.

AEP’s primary motivation for the cen-
ter, through better real-time monitoring of 
every line, better organization of all the 
data and better presentation of diagnostics 
to the operators, is to prevent another great 
blackout such as the one of August 2003. 
Back then, a neighboring utility, First En-
ergy, lost track of what was running and 
what wasn’t, which allowed a cascade to 
begin. In a few seconds the blackout raced 
across Ohio, propagated to Detroit, up 
through Ontario and back down into New 
York. But beyond preventing such black-
outs, the level of sophisticated control the 
center provides would also make operating 
a national backbone possible.

Energetic but offline: Many places across 
the country have tremendous potential as 
sources of solar (left), wind (above) or other 
sustainable power. But because those loca-
tions are remote from lines capable of distrib-
uting that power efficiently, their electricity is 
effectively unavailable.
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The concept of a national energy grid is  
not far-fetched. Indeed, the U.S. already  
has one that is highly successful.... 
But it is for natural gas, not electricity. 
electricity was left to be regulated state  
by state and sometimes town by town.
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Political Muscle Needed
The concept of a national energy grid is 
not far-fetched. Indeed, the U.S. already 
has one that is highly successful in moving 
resources vast distances, notably from the 
Gulf of Mexico to New York and New 
England. But it is for natural gas, not elec-
tricity. And it exists because in the 1940s 
Congress created a system of national reg-
ulation for natural gas. Electricity was left 
to be regulated state by state and some-
times town by town.

As a result, says Andrew Karsner, a for-
mer assistant secretary of energy for re-
newables and efficiency, the country has 
“Btu liquidity” but not “electron liquidi-
ty.” Scrapping feudal transmission regula-
tions for similar national rules would re-
quire forceful leadership from Washing-
ton. The first step, Karsner notes, is 
making transmission reform a priority. 
“Stop the blah-blah” dithering among 
elected officials, he says.

A regulatory lever might already exist. 
The 2005 Energy Act gave the DOE “back-
up authority” to approve new power lines 
over state objections, by designating “na-
tional interest electric transmission corri-
dors.” But some utility executives think 
the department has been too hesitant to 
use the authority. Bureaucrats at the DOE 

are moving carefully, because in the two 
locations they have tried, one in the North-
east and one in the Southwest, they have 
provoked fierce reaction. In the Northeast 
case, for example, Senator Robert P. 
Casey, Jr., a Democrat from Pennsylvania, 
quickly rounded up 13 other senators to 
ask for hearings about how the authority 
was being used. He said the exercise of 
such power showed “a level of arrogance 

on the part of the federal government that 
undermines confidence in government.” 
Translation: even where the legal author-
ity may exist to erect transmission lines, 
the political consensus may not.

Another issue, of course, is cost. The 
DOE’s wind report put the price tag for a 
national backbone at $60 billion—a stag-
gering sum, at least until various federal 
bailouts started to come along last au-
tumn after the stock market plummeted. 
Whether a better grid would be consid-
ered an infrastructure investment worthy 
of stimulus spending by the Obama ad-
ministration is not clear; the work would 
not produce legions of jobs and would cre-
ate economic benefits only slowly.

But even very large investments can be 
modest compared with the cost of having 
to use expensive local generation rather 
than cheaper renewables from remote lo-
cations. In Connecticut, for example, 
Northeast Utilities recently completed a 
20-mile line from Bethel to Norwalk that 
cost $336 million but in its first year saved 
nearly $150 million. The line will operate 
for decades. According to the DOE, the na-
tional electric bill is about $247 billion a 
year, meaning that a small percentage 
drop in costs could finance tens of billions 
of dollars in investments.

Implementing such broader thinking 
would require a true national energy strat-
egy, not a state-by-state energy strategy.  
A similar problem is repeated to varying 
extents across the globe. Lester Brown, 
president of the Earth Policy Institute, 
says the world must replace the 40 percent 
of its electricity that comes from coal with 
a like amount from wind, with 1.5 million 
wind turbines rated at two megawatts 
each. But transmission, he acknowledges, 
is a “gnarled-up situation.”

Clearly, a construction of a national 
transmission system is within America’s ca-
pabilities. “The interstate highway system 
was not designed by individual states and 
glued together,” Brown points out. “One 
way or another, if it became important 
enough, we would do it.”  •

Matthew L. Wald is a reporter at the New 
York Times. He wrote about a possible re
 nais sance for nuclear power in the previ
ous issue of Scientifc American Earth 3.0.m
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Existing 765 kV
New 765 kV
AC-DC-AC Link

Cost to build new line
in Connecticut

 $336 million

Saved in �rst year
of operation

 $150 million

Backbone of the future: The American Electric Power utility, in collaboration with the U.S. Depart-
ment of Energy, has proposed a $60-billion national network of high-voltage lines as an improved  
“interstate highway system” for electricity. Of the 22,000 miles of 765-kilovolt lines that would make 
up the grid, only about 3,000 miles (orange) exist today.

Connecticut case study: Twenty miles of new 
high-voltage lines were expensive for Northeast 
Utilities to build, but they rapidly started to pay 
for themselves in savings.
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Arctic 
Landgrab

Aas a nuclear-powered icebreaker 
crunched through 10 feet of August ice at 
the North Pole, Russian sailors readied 
two deepwater submersibles for their two-
and-a-half-mile descent. Dubbed Mir 1 
and Mir 2 (mir meaning “world”), the subs 
were aptly named—their deployment was 
about to catch the world’s attention. A hole 
opened in the ship’s wake, and the subs 
were lowered. At the bottom of the Arctic 
Ocean, one sub took seabed samples, the 
ostensible purpose of the mission, while 
the other deposited a titanium capsule con-
taining a Russian flag, symbolically claim-
ing this undersea turf for its homeland.

Moscow’s 2007 stunt was mocked 
widely for its ostentatious flouting of dip-
lomatic etiquette but had its intended ef-
fect: other countries were rattled. Canadi-
an prime minister Stephen Harper scur-
ried to the Arctic for a sovereignty tour, 
and the Danish science minister released 
preliminary findings that the North Pole 
was, in fact, Danish.

Russia’s action helped to kick off what 
has become a fierce political struggle over 
who owns the Arctic. Russia, Canada, 
Denmark (through its independent territo-
ry of Greenland), Norway and the U.S. all 
have some sovereignty in the far north—

and they are all hoping for more. Nearly a 
quarter of the planet’s undiscovered oil and 
natural gas lie above the Arctic Circle, and 
recent estimates suggest most of it lurks 
offshore. When these riches were capped 
year-round by solid ice, nobody gave them 
much thought. But now that global warm-
ing is eliminating ice and changing coast-
lines, the five coastal nations are eager to 
start drawing lines on the seafloor.

But rights to polar resources won’t be 
determined by planting flags in a frontier-
style land rush. Rather existing treaties 
will parcel out new territory based on sub-
marine geology. That legal framework 
puts a whole new emphasis on mapping 
and exploring the ocean floor at the edge 
of what is technically possible, because Th
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 NATURAL RESOURCES 

Nations scramble to claim their share of the petroleum riches  
trapped deep within the Arctic seabed as global warming  
loosens that ocean’s icy grip on its bounty

By Jessa Gamble
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those efforts will determine what areas a 
given country can exploit later. When the 
murk settles, the Arctic will likely hold on 
to only two small basins as the common 
heritage of humankind. The rest will be at 
the mercy of new ownership.

Deep Concerns
The rules for claiming seabed resources 
stem from the United Nations Convention 
on the Law of the Sea (UNCLOS). Also 
known as the Law of the Sea Treaty, this 
agreement grants countries sole rights to 
an area within 230 miles of their coast-
lines, measured typically from the low-
tide mark. There is one exception: if the 
submerged margin of the continent juts 
beyond this so-called exclusive economic 
zone, a country may extend its claim to 
seabed resources accordingly.

Although roughly 15 percent of the 
world’s oceans overlie continental margins, 
these bands suffer from the logistical draw-
backs of land and deep sea: inconveniently 
deep water and uncomfortably complex 
terrain. An influx of mapping grants from 
Arctic coastal nations has spurred an all-
out assault on these data black holes, un-
precedented in its scale and speed. 

As the border of a continent extends un-

derwater from the shoreline, the sub-
merged shelf resembles coastal land beside 
it. This shallowly submerged extension of 
the land is known as the continental shelf. 
Deep underneath the open sea lies the oth-
er major topographic surface of the sea-
floor, the relatively flat abyssal plain.

Both the continental shelf and the abys-
sal plain have been surveyed more or less 
extensively. The sloping transition zone 
between them, however, represents a belt 
of ignorance. Generally, the flat shelf 
breaks at around 350 feet below sea level, 
where an abrupt drop signals the start of 
the continental slope, followed at two or 
three miles deep by a more level segment 
called the continental rise. It is the meeting 
point between the continental rise and the 
abyssal plain that marks the margin’s out-
er edge. This boundary can make or break 
a territorial claim over seabed resources 
but is often masked by thick sediment lay-
ers or other confounding features.

Mixed Messages
International treaties, steeped in  precedent, 
do not always mesh with cutting-edge re-
search. Newly returned from riding along 
on the U.S. Coast Guard’s Healy icebreak-
er as it surveyed the Chukchi Sea  northwest 
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Cool irony: With global warming melting the 
ice pack in Baffin Bay (left) and all across the Arc-
tic Ocean, polar nations are clamoring to fortify 
their claims to seabed resources once seques-
tered by a frozen ocean. In 2007 Russia drew at-
tention to this political struggle with its video 
footage of a research submarine planting that na-
tion’s tricolor flag on the seabed at the North Pole 
(below). Drilling could begin even sooner than ex-
pected—sea ice volume reached a record low in 
2008, hinting that summers could be ice-free 
within a decade or two.

90 billion
barrels of oil 

(enough to satisfy current global  
demand for nearly 3 years) 

Arctic Loot Up for Grabs

1,670 trillion
cubic feet of natural gas 

(enough to satisfy current global  
demand for nearly 15 years)
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Hard facts: Ownership of the Arctic boils 
down to geology. Under the existing Law 
of the Sea Treaty, all coastal nations pos-
sess exclusive economic rights to the zone 
within 230 miles of their shores. A country 
may extend its claim to seabed resources 
beyond this limit (yellow line) if it can 
prove that the submerged edge of its 
landmass, known as the continental mar-
gin, juts out farther. Consequently, only 
the deep basins on either side of the dis-
puted Lomonosov Ridge are likely to re-
main part of the Arctic Ocean Commons.

of Alaska, Vermont Law School professor 
Betsy Baker reports a failure of science and 
law to communicate. “There are a number 
of terms in the law that are scientifically 
ambiguous,” she says. “How do you define 
a ‘natural prolongation’? And where is the  
 ‘foot of a slope’?” In the Arctic, unusually 
broad continental shelves and long subma-
rine peninsulas complicate the issue.

“You can read these phrases in different 
ways, but inside Denmark and Greenland 
there is good agreement on the resulting 
formulas,” says Flemming G. Christian-
sen, deputy director of the Geological Sur-
vey of Denmark and Greenland.

Every nation has 10 years from the 
date it ratifies UNCLOS to present its 
case for an extended territorial claim 
to a commission of scientists designat-
ed to evaluate the evidence and make a 
recommendation. Ultimately, however, 
it is up to the member countries to set-
tle disputes among themselves. Out of 
the five coastal Arctic nations, Russia 
and Norway have already submitted 
claims. Canada and Denmark have un-
til 2013 and 2014, respectively. Only the 
U.S. won’t be submitting any claims to the 
commission, at least not for now, because 
it has yet to ratify the treaty.

“A small number of senators resist ceding 
any sovereignty, afraid the big, bad U.N. is 
going to divvy up Arctic resources,” Baker 
says. That reluctance may soon change, 
however. In a sweeping Arctic national se-
curity directive issued during his last days 

Muddy waters: A nation may claim seabed resources out to the edge of its continental margin (red line), 
but that all-important boundary is not always easy to define. The water there can be two or three miles deep, 
and muddy currents from submarine canyons may bury the boundary in broad layers of sediment. Despite 
its confounding effects, such sediment is of keen interest: it is often a good place to look for oil. If the geo-
logic evidence for the margin edge is not definitive, nations must settle territorial disputes diplomatically.

Abyssal plain

Continental 
shelf

Continental 
slope

Continental 
rise

Edge of 
 continental margin

230-mile 
mark

Low-tide 
mark

Sediment 
 fan

Area under 
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in office, former president George W. Bush 
called on the U.S. Senate to ratify the treaty 
as “the most effective way to achieve inter-
national recognition and legal certainty for 
our extended continental shelf.”

No nation is likely to start investing in 
expensive resource exploration and extrac-
tion if it could be evicted by a neighboring 
country’s extended seabed claim under 
UNCLOS, so the outer shelves will not see 
development for another 30 years or so, 
Baker points out. The challenges of drilling 
at three-mile depths should not be under-
estimated either, because existing plat-
forms cannot be used. The ocean floor will 
have to house recovery complexes, and the 

hydrocarbons may have to be transported 
to land via pipeline. On an ever shifting ice 
pack, only the strongest reinforced rigs or 
drill ships can survive, and should a spill oc-
cur, cleanup would be almost impossible.

Eager Investors
Ongoing treaty negotiations have not de-
terred those willing to gamble on a rich re-
turn. The Arctic’s undiscovered but techni-
cally recoverable oil is on the order of 90 bil-
lion barrels, according to a U.S. Geological 
Survey report released late in 2008. The 
same study cites 1,670 trillion cubic feet of 
unexplored natural gas, most of which lies 
in the Arctic Ocean closest to Russia. The 
U.K.-based oil company BP has signed a 
$17-billion exploration deal with Russia in 
the hope of replacing the declining output 
of its current fields in the North Sea.

Norway’s state-owned Statoil has cold-
weather expertise with which it hopes to 
exploit deposits in the Barents Sea, and 
Canada-based Imperial Oil is among a 
handful of companies bidding on Canadi-
an claims in the Beaufort Sea. “Seismic 
[surveys] will help us determine where we 
might want to drill, but ultimately we 
won’t know if we’ve picked the wrong 
place until we’ve actually created a well,” 
says Glen McCrimmon, Imperial’s geosci-
ence manager for the area.

Aside from already valuable commodi-
ties such as oil and natural gas, an alterna-
tive source of fossil energy may lie trapped 
in the Arctic seafloor. Gas hydrates—a 
mixture of ice and methane—are found 

Cracking down: U.S. Coast Guard ship Healy, 
seen here during a scientific mission in the Bering 
Sea, is one of the icebreaker ships that makes 
Arctic seabed mapping possible—and it may 
soon see more action. In January outgoing presi-
dent George W. Bush again called on the U.S. 
Senate to ratify the Law of the Sea Treaty after 
years of resistance and directed U.S. agencies to 
take “all actions necessary” to establish the out-
er limit of the country’s continental shelf.

Costly spoils: Polar bears and other 
far north inhabitants that are already 
struggling with shrinking sea ice will 

face new threats as people exploit the 
economic prospects of an ice-free 

ocean. Future plans for offshore drill-
ing and active shipping through the 
fabled Northwest Passage pose the 

potential for oil spills and other envi-
ronmental ills that have many con-

cerned groups poised for a fight.
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only under high pressure and at cold tem-
peratures, and they are expected to make 
up a significant portion of the energy mix 
once existing oil fields dwindle, says Da-
vid Scott, manager of the Northern Re-
sources Development Program for Natu-
ral Resources Canada. The Japan Oil, Gas 
and Metals National Corporation has 
bankrolled much of the research into de-
pressurizing these deposits, many of 
which lie a mile under the ocean surface.

Even with the best geophysical data, 

there will still be political questions. The 
largest feature that demands negotiating 
is the Lomonosov Ridge, a chain of under-
sea mountains that transects the Arctic 
Ocean, extending 1,240 miles from Sibe-
ria through the North Pole to Greenland 
and Canada’s Ellesmere Island. Lomonos-
ov is likely a slice of the Siberian continen-
tal shelf that broke off northward about 
63 million years ago, when the Eurasian 
Basin opened up on the Arctic Ocean floor, 
but its current ties to Russia are disputed. 

Russia, Canada and Denmark may all end 
up claiming portions of the ridge—and the 
rich resources connected to it.

“It is possible that the Lomonosov 
Ridge is attached to all three” countries, 
says Jørn Skov Nielsen, deputy minister of 
minerals and petroleum for the Greenland 
Home Rule Government. “Our geological 
investigation may find that the North Pole 
area is part of Greenland’s shelf.”

“It’s hard to imagine the ridge is contin-
uous for such a long distance,” contends 
Benoit Beauchamp, director of the Arctic 
Institute of North America in Calgary, Al-
berta. “But it’s not rocket science to find 
out. Just expensive and hard to access un-
der the ice.”

Playing Nice
Although some questions will ultimately 
come down to a judgment call, amicable so-
lutions are not a fantasy. Crews of  American, 
Russian, Canadian and Danish research 
vessels demonstrate an impressive degree of 
collaboration and collegiality. Breaking ice 
for one another, they jointly search for data 
that often cannot be shared from one ship 
to the next. “For any national product with 
high national interest, we must keep things 
classified,” Christiansen says. “But if we 
support one another in data collection, we 
will likely make the same sorts of argu-
ments in submitting our claims.”

It’s not just scientists who have a prece-
dent of cooperation to follow. At the other 
end of the world, the Antarctic Treaty freez-
es all territorial claims indefinitely and bans 
exploitation of the region’s mineral resourc-
es until 2048 [see box on this page]. Of 
course, the Arctic has been populated and 
developed for too long for sovereignty to be 
retracted, but political alliances for the glob-
al good are possible. In the meantime, geol-
ogists don’t question the economic motiva-
tion of their windfall of short-term grants—

they just work the field and hope it lasts. •

Jessa Gamble is a freelance science writer 
based 250 miles south of the Arctic Circle 
in Yellowknife, the capital of Canada’s 
Northwest Territories. She published an 
abbreviated version of this article at www.
SciAm.com as part of a report on the 
2008–2009 International Polar Year re-
search initiative.

HEADING SOUTH?

Outer Limits: Could the world’s growing 
thirst for oil ignite another landgrab 
at the South Pole?
When it comes to petroleum reserves, Antarctica is the final frontier. The broad continental 
shelves underlying the Weddell and Ross seas alone may possess 50 billion barrels of oil—
enough to satisfy current U.S. demand for 6.5 years—according to the U.S. Energy Informa-
tion Administration. Since 1961 nations have agreed to reserve the southern continent as an 
unspoiled land for all humanity to share, and international treaties ban all types of mineral  
exploitation until 2048. But plans under way in Australia, New Zealand and the U.K. to claim 
sovereign rights to a large chunk of Antarctica’s untold seafloor riches recently triggered  
concern that the world may be on the verge of betraying its longtime commitment.

For now Antarctica’s icy shell may be its best defense. Extreme conditions mean that drilling 
there would not become economically feasible until oil prices hit $200 barrel, some energy ex-
perts say. But, as in the Arctic, shrinking polar ice caps are creating temptation to flout the rules. 
Over the past 30 years the thick, outer edges of Antarctica’s continental ice sheets have been  
retreating steadily landward, and the floating tongues of ice extending out from these massive 
gla ciers have been disintegrating at an alarming pace. As global warming continues to pick away 
at Antarctica’s armor, nations may find it harder to fight off the pressure to drill.  —The Editors
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Adélie penguins are sitting on oil and gas riches.
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Climate  
LEVER 

IIn his new book, Getting Green Done, 
Auden Schendler presents tested strategies 
businesses can harness to lessen their im-
pact on the planet and to compel others to 
do the same. In the excerpt that follows, 
Schendler—executive director of sustain-
ability at Aspen Skiing Company in Colo-
rado—explains how executives can also 
influence government leaders to spearhead 
efforts to preserve the environment.

 —The Editors

i get a nightmarishly recurring call  
from businesses trying to go green, and it 
goes something like this: A caller from a 
(hotel management group, property man-
agement firm, Fortune 500 business .. .  fill 
in the blank) wants to talk about how they 
could be “greener.” “What do you mean 
by that?” I ask. “You know,” the caller 
says, “recycled paper and stuff like that.” 
Then I usually say something like, “If that 

level of ‘greening’ is what you want to talk 
about, you’ve got the wrong guy.”

In-office measures like recycling are im-
portant, visible and necessary. Aluminum 
cans, for example, are basically congealed 
electricity, because smelting aluminum 
from ore is so monumentally energy-inten-
sive. But if progress against global warm-
ing stops at the copy machine paper, a lot 
of coastal copy machines are going to be 
underwater.

Instead businesses need to do some 
soul-searching to find their greatest lever-
age against climate change, then use it. 
The scope and scale of the climate problem 
make some form of political action the big-
gest lever that any business or individual 
has. That’s because, from a pure emissions 
standpoint, it’s not enough for corpora-
tions to simply green up their operations. 
That is like rearranging deck chairs on the 
Titanic. For example, my industry—the 

ski business—could eliminate all its green-
house gas emissions, but we’d still go out 
of business in less than 100 years if the rest 
of the world doesn’t change.

To get the government leadership we 
need, corporations must become involved 
in climate policy at the highest level pos-
sible. But here is a key point: the on-the-
ground work is a necessary precursor to 
that policy work. Why? Before businesses 
can effectively lobby for government ac-
tion on climate, they need to have done 
something themselves, or they lose their 
credibility and appear to be hypocrites. 
This may be the single most important 
reason businesses and individuals should 
implement carbon reduction: so that their 
political case-making has more power and 
credibility. There are, of course, also large 
emissions reductions (and dollar savings) 
to be had while we wait for government 
leadership. Du
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Businesses can influence government action on 
climate in many ways—as long as they start by 
building their own environmental credibility

By Auden Schendler 
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Think Like Wal-Mart, Not Ford
How does a business determine the best 
course? Wal-Mart is a good example. As it 
embarked on a greening program, the huge 
discount retail company could have done 
what the public would expect—in-store 
education, greening of individual sites and 
little windmills and solar arrays that make 
a big statement but don’t do much else. Al-
though Wal-Mart did do some of that, it 
also sat down and asked where its biggest 
impact was.

Wal-Mart sells things, more things 
than any business in the world. So the way 
for Wal-Mart to change the world and 
protect the environment is through what 
it sells. The company set out to sell 100 
million compact fluorescent lightbulbs by 
marking the prices down and placing the 
bulbs at eye level in the aisle (prime selling 
space). Wal-Mart is creating a revolution 
by changing the market for bulbs. As of 
2008, the company had sold 130 million 
bulbs; the resulting pollution reduction 
through energy savings is the same as that 
of two large coal-fired power plants.

If the story ended there, it would be a 
great high-leverage story. But it continues. 
Wal-Mart isn’t just selling a lot of compact 
fluorescents. Wal-Mart is contributing to 
the extinction of the incandescent bulb. 
Incandescents will be banned in Australia 
in 2010, and California is moving in the 
same direction.

Case studies of companies doing the 
opposite of what Wal-Mart did illustrate 
the need for a focus on what really mat-
ters. Ford made the colossal mistake of de-
ciding not to green its core business (cars) 
but instead to throw $2 billion at greening 
its Rouge auto plant in Dearborn, Mich. 
(In particular, they decided to install a 
green roof … planted with grasses.) Ford 
simply missed what its biggest lever was. 
As a result, almost a decade later Ford is 
still not seen as green, doesn’t have a green 
fleet and is being pounded by companies 
like Toyota and Honda that asked the 
same question and answered it correctly. 
(And the roof leaks.)

The property management firm that 
wanted to green its offices with recycled 
paper needed to make the same assess-
ment Wal-Mart did: What is our greatest 
area of leverage? For property managers, 

the opportunity is in—surprise—property 
management! Buildings are responsible 
for close to half of all global greenhouse 
gas emissions. The property managers 
who called me were responsible for hun-
dreds of millions of dollars in condos, pri-
vate homes and commercial space, and 
they might well be able to save money for 
their clients while protecting the environ-
ment. But their initial thinking about the 
meaning of “environmentalism” wasn’t 
steering them in the right direction.

Influencing Government Decisions
Aspen Skiing Company’s lever became 
clear one day when I walked into the office 
of our then CEO, Pat O’Donnell, in de-
spair. “What are we doing?” I asked him. 
The work we’d done—from improving 
building and snowmaking efficiency to 
making renewable energy purchases and 
using biofuels in Snowcats—was so small 
in the scheme of things; it felt like we 
weren’t really making a difference. What 
was the point of this? O’Donnell pointed 
out that whereas what we did day to day 
was important, it was dwarfed by another 
opportunity. O’Donnell argued that an in-

creasingly important part of our focus, 
now that we had credibility, should be 
changing the perspective of other business-
es and supporting the burgeoning environ-
mentalism of our ownership—a caring and 
generous family that was becoming in-
creasingly environmentally aware.

Our company’s biggest lever is that it is 
world-renowned; we get covered by the 
press all over the world, and small actions 
on our part can often influence dispropor-
tionate change. At Aspen Skiing Company, 
we felt that we could influence two huge 
entities with this thinking: the federal gov-
ernment and large corporations.

In an effort to pull the government lever, 
in 2007, at the request of friends at the Nat-

Wal-Mart’s biggest 
 impact was not to put 
solar cells on its roofs 
but to change the 
market for compact 
 fluorescent lightbulbs 
by marking prices 
down, selling millions.

 
Pull the 
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ural Resources Defense Council, Aspen 
Skiing Company filed an amicus (friend-of-
the-court) brief to the U.S. Supreme Court 
on a lawsuit entitled Massachusetts v. 
EPA. That filing, which has been called the 
most important environmental lawsuit 
ever to go to the Supreme Court, demanded 
that the Environmental Protection Agency 
regulate carbon dioxide (CO2) as a pollut-
ant under the Clean Air Act—something 
the plaintiffs saw as a very reasonable re-
quest since the Clean Air Act defines a pol-
lutant as a substance that is damaging to 
humans. There is ample evidence now that 
CO2 is already threatening human life.

At first glance, the participation of a ski 
resort—a small business by global stan-
dards—would seem meaningless. But be-
cause Aspen has such high name recogni-
tion and because having a ski resort in-
volved in the story is odd and unique, the 
press coverage looked something like this: 
“12 states, three environmental groups, 
even a ski resort, have weighed in, in sup-
port of this lawsuit.” The suit won, 5–4.

I like to think of this approach as “asym-
metric warfare”: a small entity exerting 
disproportionate influence over a much 
larger, stronger entity. Our job is to find 
out how we can have a vastly dispropor-
tionate impact.

Several months later, when a Kansas re-
view board denied a permit for a new coal-
fired power plant, the basis of the denial 
was the future negative impact of the CO2. 
It was the first time such a denial had been 
issued—and the only legal basis for that 
denial was Massachusetts v. EPA. That a 
ski resort could have had anything to do 
with such a monumental policy shift is 
humbling and gratifying, to say the least. 
That’s why we consider the filing of this 
amicus brief one of the most important 
things we’ve ever done as a company.

The good news is that once a sound 
policy is in place, opportunities abound, 
and many of them even make money. 
There are hundreds of examples, most 
making use of existing technology and be-
ing supported by private investors and 
hugely wealthy venture capitalists such as 
Vinod Khosla and the firm Kleiner Perkins 
Caulfield and Byers, among many others. 
But the expansion and development of the 
right technologies won’t happen fast 

enough without government support. The 
key point is that new technology develop-
ment isn’t the lever; the lever is policy that 
allows for the implementation of existing 
technology.

Forcing Leaders to Lead
Although corporations need to shoot all 
their efficiency and renewable energy bul-
lets trying to reduce their own carbon 
footprint, it’s most important that they 
use their own business as a club to batter 
legislators with advocacy, use their influ-
ence over customers to create a grassroots 
movement and allocate advertising dollars 
to a climate campaign aimed at a broad 
audience. Individuals must do the same—

with our votes, our pens and our feet; we 
must storm the barricades in the same way 
we drove other social transformations like 
civil rights or the U.S.’s exit from Viet-

nam. Yes, we should also screw in efficient 
lightbulbs, but without the delusion that 
such actions are enough. As noted envi-
ronmentalist and Middlebury College 
scholar Bill McKibben says, “By all means, 
screw in that efficient lightbulb, but then 
go screw in a new senator.”

Some of our problems—civil rights was 
one, health care is probably another—are 
just too big to be solved without govern-
ment’s help. In this sense, NASA climatol-
ogist James Hansen agrees with Dick 
Cheney who famously called individual 
conservation measures “a personal vir-
tue” but not the stuff of national energy 
policy. Writing in the New York Review 
of Books, Hansen noted that a “call for 
people to reduce their CO2 emissions, 
while appropriate, oversimplifies and di-
verts attention from the essential require-
ment: government leadership. Without 
such leadership and comprehensive eco-
nomic policies, conservation of energy by 
individuals merely reduces demands for 
fuel, thus lowering prices and ultimately 
promoting the wasteful use of energy.”

Hansen’s point is deceptive because it is 
both disempowering and empowering. 
What can individuals do? Perhaps reduc-
ing our own CO2, on a planetary scale, 
isn’t going to do much. But in the end, who 
is going to cause the government leader-
ship to arise? Individuals. At Aspen Skiing 
Company, as with any large business or 
even government entity, the leaders really 
don’t get much direct communication from 
the public. If our current CEO, Mike Ka-
plan, were to get a dozen handwritten let-
ters from the public on a given issue, I can 
guarantee we’d have a high-level meeting 
on the subject within a week. Imagine if 
there were street protests outside our build-
ing. Individuals can drive change; they al-
ways do. We need to get out in the streets, 
we need to bring our letters to the post of-
fice and we need to force leaders to lead.

Pressuring Other Businesses Directly
Although government action is crucial, 
some businesses are so big that their pro-
grams have the impact of government pol-
icies. Therefore, it’s important to crack the 
whip on other businesses as well.

In 2006, in response to a request from 
Forest Ethics, our company joined a Du
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Filing a brief to the
U.S. Supreme Court 

lawsuit was one of the 
most important things 

we’ve ever done as 
a company. 

© 2009 SCIENTIFIC AMERICAN, INC.



w w w.Sc iAmEar th3 .com 67

Greenpeace-led boycott of Kimberly-
Clark (K-C) paper products, including the 
legendary brand Kleenex. Greenpeace’s 
boycott, which had 700 participants as of 
2007, was organized to force K-C to stop 
using paper and pulp from endangered 
forests and instead to use fiber certified  
by the Forest Stewardship Council and to 
increase dramatically the percentage of 
postconsumer recycled fiber in all its tis-
sue paper products.

Aspen Skiing Company joined the boy-
cott by switching our mountains, hotels 
and restaurants away from K-C products. 
In the process, I made the mistake of talk-
ing to the press about it. The press had a 
field day dreaming up headlines like “The 
Issue over Tissue” and “Kleenex Maker 
Not Sneezing at Skico’s Concern.” 

While we received some limited kudos 
for the action, many locals felt the move 
was hypocritical and flagrant greenwash-
ing. Who were we to pick on another busi-
ness when we had our own problems? 
Worse, the move was seen as an easy PR 
opportunity for Aspen Skiing Company, 
one that didn’t require much in the way of 
change or effort on our part. Internally, 
when we floated the idea of changing the 
name of a famous Aspen ski trail from 
“Kleenex Corner” to something else, the 
old-timers were outraged. (The name 
stayed.) The bad press lingered for more 
than a year after the event, with colum-
nists referencing it again and again. The 
boycott was widely seen as a PR disaster, 
at least locally, for the company.

But it was also something else: the boy-
cott was one of the most important and in-
fluential actions taken by Aspen Skiing 
Company that year. Almost as soon as we 
sent a letter to K-C’s CEO announcing our 
participation in the boycott, our CEO re-
ceived a letter in response from their CEO. 
In short order, K-C flew in a team of high-
level managers (including senior vice pres-
ident of environmental affairs Ken Strass-
ner) to talk to us about K-C’s work.

Why did they care? Aspen Skiing Com-
pany buys at most $30,000 worth of prod-
uct every year, and K-C is a $32-billion 
company. K-C cared for the same reason 
that businesses like Ralph Lauren, Prada 
and Louis Vuitton insist on locating stores 
in Aspen even though they might not be 

profitable. Because of its profile and repu-
tation, for better or for worse, Aspen 
drives public opinion. The town is news-
worthy. Although a boycott might or 
might not have been news, Aspen’s partic-
ipation was. This boycott, like our amicus 
brief filing, is another example of Aspen 
Skiing Company’s leverage strategy in ac-
tion. Once again, we were using the Aspen 
name to drive disproportionate change.

As a result of our meeting, the K-C team 
agreed to meet with the NRDC and Green-
peace. We had felt that the primary issue 
was K-C’s unwillingness to engage the en-
vironmental community, which was the 
main differentiator between K-C and, say, 
Georgia Pacific. I asked its team members 
why they wouldn’t at least hold discus-
sions. One of the executives replied, red-
faced: “Greenpeace occupied our offices. 

Would you negotiate with people who had 
invaded your office?”

The answer is, of course, “Absolutely.” 
How else are you going to get them out? 
Not engaging these groups is a move from 
the 1950s. Most modern corporations 
make it standard practice to engage. In 
fact, Aspen Skiing Company has a long-
standing policy of engagement, going back 
to 1998, when then CEO O’Donnell told 
my predecessor Chris Lane to find our big-
gest enemies in the environmental commu-
nity. “Who really hates us? Get me the list. 
I want to buy them lunch at the Little Nell 
four times a year.” The point wasn’t to buy 
these guys off. The point was to have con-
versations, to give nonprofit heads and 
government leaders a direct line to the 
CEO so that they could air their concerns 
directly and so that we could use them as a 
free consulting group, testing ideas before 
releasing new programs. 

The opportunities for a corporation to 
pull these kinds of corporate levers are lim-
itless. When we needed to buy $250,000 
worth of new office furniture, we bid the 
project out to three companies. In our re-
quest for bids, we asked what they would 
provide; how much it would cost; and what 
their environmental programs were. The 
bids came in around the same price. We 
analyzed the environmental programs at 
each of the businesses and then awarded 
the contract to the company doing the 
most progressive environmental work, a 
business called Herman Miller.

If the story ended there, it would be 
great. A corporation was rewarded, mon-
etarily, for its green stance and was en-
couraged to be even greener, purely from 
a profit motive. But the story continues. 
We got a note from one of the furniture 
makers that didn’t win the bid. “We con-
sider ourselves pretty green, too. Why 
didn’t we win?” We sent them our analy-
sis. Now another business is incentivized 
to further green themselves—again, purely 
motivated by profit.  •

Excerpted from Getting Green Done: 
Hard Truths from the Front Lines of the 
Sustainability Revolution, by arrange-
ment with PublicAffairs (www.public 
affairsbooks.com), a member of the Per-
seus Books Group. Copyright © 2009. Du
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By all means, screw  
in that efficient  

lightbulb, but then go 
screw in a new senator.
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MMore and more frequent fliers are wringing their hands over the 
fact that airplanes emit greenhouse gases where they can do  
the most damage—high in the atmosphere. Airline companies, 
meanwhile, are increasingly wary of their dependence on over-
seas oil for fuel. Those concerns, plus the possibility that jet-fuel 
prices could again spike as they did in 2008, have prompted a 
spate of test flights powered by biofuels: planes flying on the en-
ergy-rich extracts of flowering plants, weeds and pond scum. 
The environmental appeal is that the growing plants absorb as 
much carbon dioxide as is released when their oils are burned.

Planting to Fly
On January 30 Japan Airlines flew a Boeing 747 for 90 minutes 
using a fuel made primarily from camelina—a flowering stalk 
that grows several feet tall—and small amounts of other plant 
oils. The blend came from Sustainable Oils in Bozeman, Mont., 
a joint venture of biotech firm Targeted Growth and Green 
Earth Fuels. Camelina can be grown without harming the soil 
on wheat fields when they would otherwise be left fallow.

“You give farmers an opportunity to make money in a year 
when they weren’t going to,” says Tom Todaro, CEO of Target-
ed Growth. “If you’re expecting to have hundreds of millions 
of gallons of jet fuel in the next five years produced from a 
plant feedstock, it’s almost certainly going to be camelina.” His 
company is recruiting farmers to 
grow the crop as part of plans to 
produce one million gallons of 
the oil this year. “By 2010,” he 
calculates, “we could make north 
of 50 million gallons.” 

That’s a start, but every day 
the global commercial aviation 
industry burns nearly 270 million 
gallons of the standard Jet A ker-
osene. And if oil prices were to 
reach anything close to the $140 per barrel seen last year, de-
mand for camelina oil could prompt farmers to grow less 
wheat. The aviation industry wants to steer clear of that con-
troversy. “We don’t want it to be priced above what the price is 
for food,” says chemist Jennifer Holmgren, general manager of 
the renewable energy and chemicals business at UOP, a refinery 
division of Honeywell. 

The industry is therefore experimenting with a variety of 
feedstocks, such as algae and jatropha—a poisonous shrub that 
can grow up to nine feet tall on land that is not fertile enough for 
food crops. “We’re feedstock agnostic,” Holmgren says. 
“They’re all the same as far as we’re concerned.”

Test flights using various bio-jet fuels are showing consis-
tently high-quality results. On January 7 Continental Airlines 
conducted the first U.S. commercial jet flight. A Boeing 737 
completed a two-hour test flight from Houston with one of its 
two engines running on a 50–50 blend of regular Jet A and a 
synthetic made from jatropha and algae. 

The synthetic seems to have triumphed over two historical 
concerns about bio-jet fuels: that their energy density was too 
low and that they tended to thicken at the low temperatures 
found at high altitudes. “The properties of the fuel are fabulous. 
In fact, the bio part of the blend has a lower freeze point than 
Jet A,” says Billy Glover, managing director of environmental 
strategy at Boeing. “The fuels we’re testing now have equal or 
better energy content than the Jet A requirements.” UOP’s alter-
native—known as synthetic paraffinic kerosene—also weighs 
less than Jet A.

For Continental’s flight, Terasol Energy produced oil from 
jatropha seeds. But 2.5 percent of the blend also derived from 
algae oil procured by Sapphire Energy from Cyanotech, an al-

Continental Airlines

Test date: January 7, 2009
Site: Houston
Airplane: Boeing 737
Duration: Two hours
Engines: CFM International
Fuel: 50 percent biofuel 
from jatropha and algae
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Green Fuels for Jets
Commercial airlines are testing plant-derived 
jet fuels that do less damage to the environment

By David Biello
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gae grower in Hawaii. “Crude 
oil is nothing but algae from 10 
million years ago,” says Tim 
Zenk, vice president of corpo-
rate affairs at Sapphire. “We 
take that process and speed it up 
to produce green crude.”

Of course, making algae oil  
in quantity remains a huge chal-
lenge, from perfecting the algae’s 

growth to extracting the oil cost-effectively. According to 
Zenk, the company hopes to produce 300 barrels of oil from 
algae grown in brackish ponds at its test facility in New Mexi-
co by 2011. In five years the output should reach 10,000 barrels 
a day, costing “between 60 and 80 dollars per barrel,” he says. 
“That’s with very conservative numbers in terms of oil pro-
duced per acre.” Other players are also at work in this area: 
Science Applications International Corporation in San Diego 
has a contract with the U.S. Department of Defense to develop 
fuels from algae, and the San Francisco–based start-up Sola-
zyme has made jet fuel from algae that meets commercial 
standards. 

Where to Grow
In the meantime, efforts to grow jatropha—already planted in 
quantity in Africa and India—may be scaled up while camelina is 
improved as a rotation crop with wheat. Jet fuel from camelina 
and jatropha should be at the correct price point—$80 per barrel 
or less—within three to five years and fuel from algae in eight to 
10 years, according to Holmgren. Boeing’s Glover adds that “dif-
ferent parts of the world will source differently.” To that end, 
chemical engineers at the University of North Dakota’s Energy & 
Environmental Research Center have successfully turned oil from 
canola, coconuts and soybeans into jet fuel that rivals the conven-
tional liquid, U.S. government tests show.

Sourcing would indeed be a big question. Critics question 
whether enough land would be available to meet demand. An 

article in the industry journal Petroleum Review claimed that 
supplying 240 million gallons of jatropha fuel—roughly the 
equivalent to the demand for Jet A—would require planting an 
area twice the size of France. Others warn that jatropha yields 
are unreliable and that harvesting seeds from the inedible fruit 
is labor-intensive. Genetic advances in biofuel plants could 
make them more productive [see “The Next Generation of Bio-
fuels,” on page 46]. Nevertheless, if petroleum oil stays below 
$80 a barrel, none of the alternative fuels may pay.

Even if hurdles are overcome, bio-jet fuel in the near term is 
likely to be blended with Jet A because the biofuels lack aro-
matics—hydrocarbon rings that interact with the seals in cur-
rent engines, helping to swell them shut. “We fully expect that 
the first fuels will be 50–50 blends or less,” Glover says. The re-
cent flights—as well as earlier ones by Air New Zealand and 
Virgin Atlantic—prove that such blends can be effective. By 
2017 the International Air Transport Association, an industry 
group that represents 93 percent of the world’s carriers, hopes 
to source 10 percent of all aviation fuel from sustainable plant 
sources, both to ease the volatility of fuel prices and to cut 

emissions of greenhouse gases. 
Boeing is optimistic, too. “Three 
years ago we started out saying 
this doesn’t look like it’s possi-
ble,” Glover says. “But every day 
we become more and more con-
vinced it’s not only possible, it 
has huge benefits for industry 
and the public.”

David Biello is an associate edi-
tor for ScientificAmerican.com

Air New Zealand
Test date: December 30, 2008
Site: Auckland
Airplane: Boeing 747
Duration: Two hours
Engines: Rolls Royce
Fuel: 50 percent biofuel 
from jatropha U.S. Air Force

Test date: December 18, 2007
Site: New York City
Airplane: C-17 transport
Fuel: Synthetic derived 
from natural gas
Note: This alternative to oil-
based fuel is not a true biofu-
el but can be made from coal, 
plant oil and wood waste
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Eestes park, colo.: early on an autumn morning, a light 
confection of snow begins dusting treetops on the eastern edge 
of Rocky Mountain National Park. We’ve pulled our 4×4 to 
the side of the road, and I’m huddled low by the fender to line 
up my camera for a shot of four approaching elk. My guide, 
wildlife photographer Steven Morello, whispers to me from the 
driver’s side. No abrupt moves, he cautions; if I stay quiet, I’ll 
probably get a long shot of these animals when they amble up 
the hill to our right.

Three of them do exactly that. But the fourth, a young stag 
with an impressive set of antlers—impressive to me, anyway—

makes an unexpected turn and saunters 
straight in my direction. He stops 
briefly, swings his head to scan me 
with his opposite eye, and prac-
tically poses for a quick por-
trait. I hadn’t expected this to 
be quite so easy.

I’ve come to Colorado to 
experience an increasingly 
popular form of ecotravel, 
loosely known as a “photo safa-
ri”: a guided trek to some pristine 
outback of the globe, with the goal 
of capturing one of those screensaver 
images that make us gush over the grand visual spectacle of 
planet Earth.

The ruling mantra of the photo safari is “patience.” You 
wait for that moment when light reflects, just so, off a lake; you 
wait for the giraffe to scan the horizon for predators before it 
dips its head to drink. In my current situation, however, I 
didn’t have to wait long. Morello had promised over breakfast 
that we’d photograph some elk today. “You’re good,” I tell 
him. “We haven’t been on the road 20 minutes, and I’ve al-
ready got a shot.”

The stag, however, has another surprise for us. Rather than 
shying when he hears the shutter release, he resumes his 
steady plod directly toward me. Morello’s tone abruptly 

changes. “Don’t move,” he instructs, as the animal edges close 
enough to sniff at my woolen scarf. Over my head, his antler 
points scratch against the Jeep. Even though this odd behavior 
creates the illusion of a convivial moment, I’m acutely aware 
that it’s probably not. Frozen between fender and elk, I stage-
whisper in Steve’s direction: “What am I looking at here?” He 
seems as puzzled as I am.

To be fair, I couldn’t call this moment especially terrifying. 
It wasn’t exactly a rhino attack, but the animal wasn’t Bambi 
either. If I were to make a sudden move his antlers could clearly 
do some damage when he bolted. Morello gently taps the car 
roof a couple of times; the elk backs up a little, then bounds off 
to rejoin his companions.

Morello later speculates that this quirky elk was habituated 
to humans, probably as a result of hand-feeding, one of the 
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Estes Park,
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Gone Hunting 
(with a Camera)
Photo safaris offer excitement and beauty 

By Jim Cornfield
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A curious elk pauses surprisingly close to author Jim Cornfield, 
who snapped this image while crouching behind his vehicle.
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more egregious violations of the photo safari’s maxim for be-
havior in the wild: “Take only photos, leave only footprints.” 
Lately, thanks to the confluence of user-friendly digital camera 
technology and the burgeoning interest in adventure travel, 
photographic excursions in search of wild game have ramped 
up into something of a growth industry.

Operators of these expeditions range from modest boutique 
firms to high-profile outfitters that send scores of clients and 
guides to destinations worldwide. Behind this legion of eager 
shutterbugs always lurks the potential for negative impacts on 
terrain and wildlife. One recent visitor to East Africa recalled a 
dismal cameo: a ring of off-road vehicles—open windows bris-
tling with telephoto lenses—encircling an anxious cheetah that 
was crouching in the high grass to protect its kill.

Fortunately, most of the photo safari industry remains in the 
hands of responsible operators. They seem to function accord-
ing to the collective credo that a camera is a tool for putting se-
rious ecotravelers in close, minimally intrusive contact with the 
natural world.

Here’s a sampling of first-rate photo safari contractors who 
subscribe to that credo and can be counted on to bring their cli-
ents back with superb photographic results.

Seals, Owls and People, Too
Green Planet Expeditions 

This little firm based in Lyons, Colo., definitely falls in the 
green zone. Director and chief guide Steven Morello began his 
20-year career in wildlife tourism leading whale watches off 
the New England coast. Today he is a respected outdoor shoot-
er, author of a comprehensive book, The Traveling Nature Pho-
tographer, and a contributing photographer for numerous mag-

azines and conservation organizations, including the World 
Wildlife Fund. He and his clients trek around the globe to com-
mune with seals, owls, elephants, zebra and, in places like Peru, 
native peoples. But first and foremost, Morello is a vocal advo-
cate for sustainable ecotourism. “The key to shooting powerful 
nature photography,” he insists, “is to first be a good 
naturalist.”

To this end, Green Planet photo safaris emphasize that the 
teams Morello takes into the field will deliberately prepare by 
learning about the area they will be visiting, the terrain and bi-
ota they will want to photograph, and a little about the local 
native culture. Above all, he comes down hard against irre-
sponsible behavior in pursuit of pretty pictures. “You don’t im-
pinge on a habitat,” he says. “You don’t induce an animal to 
move. You don’t chase them or make noises to get their atten-
tion. You honor their right to not interact with you.”

Morello’s clients seem to respect this level of sensitivity. 
Mary Beth Cohen, a Green Planet regular who recently trav-
eled to Namibia, marvels that Morello is “almost painfully 
careful around the animals. In Africa, he’d divert the Land 
Rover to avoid disturbing a mother cat nursing her cubs.”

A veteran of expeditions to the Arctic, Antarctica, the jun-
gles of South America and the African grasslands, Morello pre-
fers to keep his tour groups small—between six and 10 partici-
pants—enough so that he can maintain personal contact with 
them before and during their experience. He front-loads every 
expedition, introducing himself by phone and briefing each 
team member individually. Morello smiles when he claims that 
in four years of Green Planet’s relatively young operation, he’s 
never disappointed a client.

Want to Go?
www.greenplanetexpeditions.com
19 Chieftain Court, Lyons, CO 80540
866-485-7996 
Capabilities for customized safaris  
worldwide. Sample excursions: 
Tanzania photo safari, 10/31–11/11, 
$6,800 (airfare extra)
Cultural and nature photographic  
journey to Peru, 12/04–12/12, $4,550  
(airfare extra)
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Steven Morello, director of Green Planet, gives advice about how to 
prepare to capture the sudden appearance of wild game.
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rRay Christenson is a photo-happy Lu-
theran minister from Henderson, Nev., 
who used to take a day off from his con-
gregation every week to work in a cam-
era store. After his retirement, Christen-
son joined a photo safari to Kenya, South 
Africa and Botswana. He recalls the hyp-
notic appeal of communing with wildlife 
through his viewfinder: “One leopard 
took its kill into a tree. I photographed it 
obsessively for maybe three hours, as it 
ate, then retired down the branch to 
sleep, then returned to its meal. I proba-
bly shot 200 pictures of this process,  
fascinated the whole time to be watching 
truly primal behavior at its natural 
pace.”

Africa, with its postcard vistas and as-
tonishing biota, is a kind of holy grail for 
ecotraveling photo enthusiasts. Christen-
son made the excursion under the auspic-
es of Focus on Africa (FOA), an operator 
that began as an outreach campaign for 
conservation and community develop-
ment. Founder David Anderson, an asso-
ciate of famed anthropologist Richard 

Leakey, is a passionate activ-
ist for protecting Africa’s 
biodiversity legacy and 
one day empowering 
the peoples of this be-
leaguered continent 
to—in the words of 
Anderson’s mission 
statement—“create 
sustainable economies 
in harmony with 
nature.”

Knowing the power of vi-
sual imagery to energize such a cam-
paign, Anderson offers photo safaris 
over the entire continent, at specially dis-
counted rates for serious photographers 
willing to release their safari pictures for 
media use without compensation. One 
selection of these bartered photographs, 
by 130 FOA clients, is already compiled 
in a lavish large-format book, On Safari 
(www.onsafari.info). Current and re-
turning clients are presented with the 
same offer for participating in the book’s 
upcoming second edition.

Given Anderson’s lofty 
goals, it goes without say-

ing that his entire sched-
ule of excursions—

from the forays to the 
elephant grounds of 
Zambia to the pil-
grimages to mountain 
gorilla haunts in 

Rwanda—are conduct-
ed under the most re-

sponsible, eco-friendly 
conditions. His wilderness 

camps are all solar-powered and 
completely removable, and his clients are 
encouraged to purchase carbon offsets to 
compensate for their air travel to and 
from the continent. 

But Anderson, like all reasonable ad-
vocates for sustainable conservation in 
the remote reaches of our complicated 
planet, knows that all behaviors have 
their inevitable impacts. The point, he 
says, is not to completely eliminate those 
impacts but to achieve “a world that 
works for everyone.”
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Surveying the Savanna
Focus on Africa

Leopard up a tree savors 
its kill, as caught by 
amateur shutterbug  
Ray Christenson.

Kenya

AFRICA

Want to Go?
www.focusonafrica.com
30 West Mission, Suite 8,  
Santa Barbara, CA 93101
805-563-7943 
More than 20 photo safaris in 2009 to  
African habitats. All feature optional dis-
counts for participants who release their 
images free for media use. Sample excur-
sions (exact dates pending): 
Mountain gorilla trekking, Rwanda, April, 
$2,795 (airfare extra)
Focus on leopards, Zambia, June, $6,995 
(airfare extra) (discount price, $4,995) 
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aA couple of years ago fine-art photogra-
pher Bobbie Goodrich, armed with a 
Nikon pro digital SLR, waited at dawn, 
knee-deep in the mud of the Rhône Riv-
er delta in the south of France. This re-
gion, known as the Camargue, is famed 
for its rare, indigenous breed of sinewy 
wild horses. As the herd pounded into 
sight over the marsh grass that morning, 
Goodrich captured images that would 
soon be winning awards and hanging in 
galleries around the country.

Goodrich is not the first professional 
to use Joseph Van Os Photo Safaris to get 
her to the right animals in the right sea-
son and in the right lighting conditions 
for great photographs. “The expertise to 
accomplish this, unerringly, year after 
year,” says retired neurosurgeon Vance 
Macdonald, a veteran client, 
“is one of the defining fea-
tures of Joe Van Os’s 
safaris.”

After 30 years in 
business, Van Os is 
the ultimate in 
photo tourism, 
each year placing 
around 1,000 cli-
ents and 20 veteran 
photographer-guides 

in wilderness destinations worldwide: 
South Africa, Alaska’s Inside Passage, 
the Galápagos Islands, Patagonia, the 
Arctic, the Grand Canyon, Brazil, Fin-
land, India and others. Van Os, a widely 
published wildlife photographer who an-
nually leads eight or nine of his firm’s ex-
peditions himself, sees the safaris as a 
means to forge what he calls “connec-
tions with the earth and its ecosystems.” 
Spending hours training your lens on the 
snow monkeys of Japan or waiting out 
waved albatrosses in the Galápagos 
“slows down your tempo,” he says. “It 
forces you to scrutinize wildlife in ways 
you wouldn’t without the goal of getting 
a picture.”

Van Os likes to remind us that the 
world’s rare, resilient and unfettered 

creatures and their remote prime-
val habitats carry an impor-

tant message to human-
kind: “You’re not neces-
sarily the big dog on the 
planet.”� •

Jim Cornfield is a 
veteran freelance writer 

and commercial photog-
rapher based in Malibu 

Canyon, Calif.

Others on Safari
McDonald Wildlife Photography
www.hoothollow.com
U.S. and African wildlife safaris; work-
shops on outdoor and digital photogra-
phy. $1,595 to $13,000 (airfare extra). 
Guides: Joe and Mary Ann McDonald.

KAC Productions
www.kathyadamsclark.com
Specializes in exotic bird habitats in the 
Rio Grande Valley, Ecuador and Costa 
Rica. $1,200 to $4,495 (airfare extra). 
Tours: Gary and Kathy Adams Clark.

Summit Photography Workshops
www.photographyatthesummit.com  
Fieldwork, digital techniques and 
postproduction for nature and wildlife 
photography. Taught in Jackson, Wyo., 
by renowned photographers. All skill 
levels. Week-long courses are among 
the most comprehensive in the world. 
Fees in 2008 started at $2,619; dates in 
2009 not final at press time.
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Wild Horses
Joseph Van Os Photo Safaris

Native horses run free in France, as 
seen by safari veteran Bobbie Goodrich.

FRANCE

Marseille
Rhône

River delta
(Camargue) Rh
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The Tetons

Want to Go?
www.photosafaris.com
P.O. Box 655, Vashon Island, WA 98070
206-463-5383
Nearly 50 scheduled trips for a range of 
tastes and interests. First-class accommo-
dations and provisions. Sample excursions: 
White horses of France’s Camargue, 
3/28–4/05, $4,695 from Marseille, France 
Patagonia’s mountain landscapes,  
4/16–5/1, $6,295 from Punta Arenas, Chile 
Madagascar wildlife, 9/12–9/29, $8,895  
from Antananarivo, Madagascar 
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CCan we save the earth one stir-fry at a 
time? I was certainly dubious when I first 
saw the book, Cool Cuisine: Taking the 
Bite Out of Global Warming. Still, the 
lush cover photography of a verdant ta-
ble setting and a bowl of farm-fresh eggs 
drew me in. As I flipped through the pag-
es, I was a bit surprised to see they were 
packed with clean, colorful graphics and 
sidebars explaining everything from the 
atmospheric carbon cycle to the role of 
bees in agriculture and step-by-step in-
structions for successful composting. 
Each chapter concluded with a set of 
tasty-sounding recipes, and the copious 
endnotes had detailed references.

Was this a cookbook or a climate 
change guide? Or both? Intrigued, I 
started reading.

Food for a Healthy Planet
Laura Stec, a San Francisco Bay Area 
chef and the main authorial voice, 
opens with an explanation of what she 
calls “the global warming diet”: our 
modern dependence on mass-produced 
food from industrial farms that con-
sume enormous amounts of fossil fuels 
and spew tons of waste. As a profession-
al foodie, she is as dismayed by the envi-
ronmental degradation as she is by the 
fact that what comes out at the end of 
that pipeline is “machine cuisine”—

food that she says lacks freshness and 
flavor, with little connection to the sun 
and soil that produced it. Such food has 
no “vibe,” she writes. And she is deter-
mined to do something about it.

What follows is Stec’s own story of 
setting out to learn everything she could 
about the American food production en-
terprise. In a lively style, she describes 
encounters with dozens of scientists and 
armies of farmers in her quest to under-
stand both the origins of machine cuisine 
and what makes good food good. Along 
the way, Stec met her co-author Eugene 
Cordero, a climate researcher at San Jose 
State University who co-wrote a global 
assessment of ozone for the United Na-
tions in 2006 and is currently working 
on modeling projects for the next Inter-
governmental Panel on Climate Change 
(IPCC) report. Cordero acted as the 
book’s overall science adviser and wrote 
most of the sidebars.

When I spoke with the authors, Cor-
dero explained that he joined forces with 

Stec because his fellow climate scientists 
are well aware that worldwide food pro-
duction could account for as much as 35 
percent of greenhouse gas emissions. But 
the role of food in global warming hasn’t 
trickled down into popular discussions 
about solutions. Only in the past year 
has IPCC chair Rajendra Pachauri start-
ed to say that people must reduce meat 
consumption for the good of the planet, 
Cordero noted, “and he’s the first fa-
mous climate scientist with any authority 
to be saying this, so I think it’s still a new 
concept, even for the climate science 
community.”

Other aspects of the book’s message 
are not so new, of course. The dysfunc-
tion of the modern food industry has 
been documented by journalist Michael 
Pollan and others. And the virtues of lo-
cal and seasonal foods are also territory 
well trodden by chef-writers such as  
Alice Waters. But the way that Stec and 
Cordero combine their perspectives on 
food is entirely novel and highly effec-
tive. Together they connect the dots be-
tween overwhelmingly large-scale prob-
lems, such as nitrogen fertilizer runoff, 
and individual choices about what dish-

 The Low-Carbon Diet
A California chef and a climate scientist 
present a recipe for sustainable eating

By Christine Soares
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Want to Buy?
Information about the book and 
where to buy it is available at 
www.globalwarmingdiet.org. 
The book can also be purchased 
through www.amazon.com 

LIVING GREEN
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es we put on the dinner table every day.
One chapter, for example, called 

“Why All the Oil in My Soil?” explains 
how healthy soil is alive with microbes 
and nutrients, details the destructive ef-
fects of oil-based fertilizers, erosion and 
deforestation, and touts the merits of 
earthworms and shade-grown coffee and 
chocolate. Stec also explains how beans 
and legumes work with soil microbes to 
fix nitrogen, reducing the need for fertil-
izers, so by the time I reached the end of 
the chapter the recipes, including jalape-
ño rum beans and dark chocolate chili, 
not only sounded delicious, they made 
sense. “Of course, this is how we should 
be eating,” I thought, and I resolved to 
buy a slow cooker.

Public Demand Growing
Mercifully, Stec doesn’t seem to expect 
readers to spend all day soaking beans or 
tending an herb garden. She wants to 
teach people how to use food in a way 
that makes it easy to eat well. Beyond the 
recipes, Stec offers techniques and tips 
for coaxing out the sweetness in vegeta-
bles, making all-purpose sauces and even 
organizing a cheese plate. That last tidbit 

hints at some of Stec’s other jobs as a ca-
terer and cooking teacher.

She is also a consultant who helps com-
panies “green” their operations, and her 
case studies of corporate efforts to adopt 
sustainable food practices are a distin-
guishing feature of the book. Stec relates 
the story of Preston Maring, a doctor who 
took on the problem of hospital food 
within the giant California-based health 
care provider Kaiser Permanente. Maring 
noticed that hospital dieticians were writ-
ing menus that included offerings such as 
grapes and asparagus in the middle of 
winter, causing the hospitals to source 
food from as far away as South Africa. 
After Maring initiated a systemwide 
study, Kaiser Permanente determined that 
it used 250 tons of fresh fruits and vegeta-

One of the most 
positive effects we 
can have on the 
environment begins 
on our dinner plate.

—LAURA STEC ANd EUGENE CORdERO

Turning down the heat: Laura Stec, a 
San Francisco Bay Area–based chef and 
environmental advocate, explains in her 
new book written with scientist Eugene 
Cordero (below) how to use cuisine as a 

tool for fighting climate change.
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bles a year to make 6,000 patient meals 
daily in 19 hospitals. Much of the food 
originated on unsustainable agribusiness 
farms of 100,000 acres or more, and 
nearly half of it came from outside Cali-
fornia. Kaiser Permanente discovered that 
designing more seasonal menus and pro-
curing more produce locally could reduce 
the organization’s carbon footprint by 
more than 17 percent and in certain cases 
even save some money.

Stec goes on to describe some of the 
logistical issues and planning that 
smoothed the transition within Kaiser 
Permanente, demonstrating her under-
standing that this kind of change has to 
make at least some kind of business 
sense, too. She recently consulted with 
the Loews Hotel chain on ways to green 

their event services, and she told me that 
the company’s motivation was demand 
from the marketplace. If a group plan-
ning to hold a big conference insists on 
green practices, then any hotel hoping to 
get that business better be able to deliver 
sustainably.

Change Starts in Your Kitchen
Such hands-on experience helping large 
institutions certainly lends credibility to 
Stec’s idea that if those market forces 
continue to grow and the principles of 
green eating scale up, then perhaps the 
food production landscape in the U.S. 
might actually be altered for good.

From that perspective, the idea that 
meaningful change could start in my own 
kitchen started to seem less far-fetched. A 
stir-fry recipe in the book (above) follows 
a full-page chart breaking down the car-
bon dioxide (CO2) emissions represented 
by each ingredient. The graphic shows 
the basic recipe containing a pound of 
vegetables and then versions with another 

pound of vegetables, chicken or beef add-
ed in. The results are stark: the veggie-
only meal totals 3,013 grams of CO2 
equivalent, the chicken version 5,520 
grams and the beef 15,692 grams. In case 
the message isn’t clear enough, a note at 
the bottom of the page mentions that the 
CO2 difference between the vegetarian 
and beef versions of the meal is about the 
amount emitted by an average car driving 
35 miles. Perhaps this is not the first book 
to make that point, but it is the first one 
I’ve seen that also offers a recipe, literally, 
for what to do about the problem. In ad-
dition to a tremendous amount of infor-
mation presented in very digestible form, 
Stec and Cordero offer hope that individ-
ual choices can make a difference—and 
that maybe it is possible to shift from a 
global-warming diet to more sustainable, 
healthy and flavorful fare, one stir-fry at 
a time. •

Christine Soares is a staff writer and 
 editor at Scientific American.

Nutrition Facts
Serving Size: 2 tablespoons
Servings Per Container: about 14

Amount Per Serving

Calories  200              Calories from fat 10

       % Daily Value 

Total Fat  16 g                                25%
     Saturated Fat 2.5 g                         12%
     Trans Fat 0 g                  0%

Cholesterol  0 mg                  0%
Sodium  120 mg                  5%

Total Carbohydrates  6 g                 2%
     Dietary Fiber 2 g                               9%

     Sugars 1 g                    
Protein  8 g

Carbon Footprint
Per Serving:     118g CO2e
Total Carbon:  1648g CO2e

Primary location of origin: 
    Orrville, Ohio

Method of transportation:
        Train/Truck

Note: Carbon rating ranges from 1 to 10, with lower 
numbers being more climate friendly.

Carbon dioxide equivalent (CO2e) accounts for carbon 
dioxide and other greenhouse gases.

Peanut Butter

1 2 3 4 5 6 7 8 9 10

LOW                    HIGHCARBON RATING

1 2 3 4 5 6 7 8 9 10

Combine first five ingredients and set 
aside. If using meat, preheat wok or 
sauté pan on medium-high heat. Add 1 
tablespoon oil and chicken or beef. Stir-
fry until cooked through, about 5 
minutes. Remove from pan.

Add another tablespoon oil and sliced 
vegetables and stir-fry, about 5 minutes. 
While cooking, add 1 tablespoon cold 
water as needed to “force-steam” the 
vegetables. When vegetables are crisp-
tender, add stir-fried chicken or beef. 
Whisk stir-fry sauce, making sure 
cornstarch is mixed in. Add sauce to 
wok. Cook until thickened.

Base recipe:

1 cup vegetable stock

2 tablespoons soy sauce

1 tablespoon dry white wine

1 tablespoon freshly 
squeezed lemon juice

2 tablespoons cornstarch

2 tablespoons olive oil 

1 pound sliced mixed vegetables 
(peppers, broccoli, carrots), about 2 cups

Options:
1 pound chicken, beef or 

vegetables (peppers, carrots, 
broccoli) cut into 1-inch pieces

Basic Stir-Fry: Three Ways SERVES 4

Emissions for each recipe version (grams of CO2 equivalent)

Vegetables
only

Chicken
Beef

*Using 454g of meat.
** Using 151.3 g each of peppers, brocolli, carrots.

3,013 5,520
15,692

Calories and carbon: Stec and Cordero de-
signed a label that shows a food’s carbon foot-
print along with nutritional information. CO
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By Dawn Stover

Living Small

Thanks to small heating bills and the de-
sire to live simply, compact houses are 
the next little thing. Some are as small 
as 65 square feet. Others range in size 
up to 1,000 square feet. But all are de-
signed as year-round dwellings and are 
not motor homes. Compact houses are 
usually wood-framed, and you can buy 
most of them ready-made or build them 
from plans. A sampling of vendors: Tum-
bleweed Tiny Houses, Cusato Cottages, 
weeHouses and PowerPods. It takes a 
special person to live in the smallest of 
these houses, but the shelters might 
also be ideal for starter homes.

High on White Roofs

Painting your home or office building roof a light color or install-
ing white shingles helps to reflect heat—and reduces cooling costs. 
According to Hashem Akbari of Lawrence Berkeley National Laboratory, replacing a 
1,000-square-foot dark roof with a white one can offset the emission of 11 tons of carbon 
dioxide annually. Roofs account for about 25 percent of the surface area in most cities. 
California has required heat-reflecting roofs on commercial buildings since 2005 and will 
require them for new and retrofitted residential buildings beginning in 2009. If white 
shingles aren’t your style, manufacturers also offer heat-reflective coatings in darker col-
ors for shingles, tiles and metal roofs.

 
Are Scooters 
Polluters?
Some people are turning to scooters to 
reduce their transportation costs. But 
even the cleanest gasoline-powered 
models typically emit more smog-forming 
hydrocarbons and nitrogen oxides than a 
car because so little pollution-control 
equipment fits on them. On the positive 
side, scooters can help ease traffic 
congestion, minimize materials used in 
manufacturing and lessen carbon dioxide 
emissions (because they get better fuel 
economy). The greenest choice may be a 
“maxi scooter” that is as powerful and 
expensive as a motorcycle but runs on 
electricity, although that energy may be 
generated at a fossil-fuel-burning power 
plant. Here’s a comparison. 

CO
U

RT
ES

Y 
O

F 
VE

CT
RI

X 
U

SA
 (s

co
ot

er
); 

G
A

RY
 S

. C
H

A
PM

A
N

 G
et

ty
 Im

ag
es

 (p
ai

nt
); 

W
W

W
.T

U
M

BL
EW

EE
DH

O
U

SE
S.

CO
M

 (h
ou

se
); 

CO
U

RT
ES

Y 
O

F 
SI

G
G

 (b
ot

tle
)

*Most recent model year tested; grams per 
 kilometer. SOURCES: EPA, U.S. Department of 
 Energy, Ecolane Transport Consultancy

Bottle Picks

Discarded plastic water bottles clog 
landfills, and bottled water typically is 
no healthier than tap water. You can 
avoid wasting materials and energy by 
carrying your own reusable bottle. Re-
cently some colorful and durable poly-
carbonate plastic bottles have been 
discontinued because they may leach 
bisphenol A (BPA), a synthetic hor-
mone. Other options to consider are:

•  Copolyester plastic bottle—simi-
lar to hard Lexan plastic but contains 
no BPA.

•  Epoxy-lined aluminum bottle—

not squeezable, can be slippery when 
wet, and can dent when dropped.

•  Unlined stainless-steel bottle—

similar to aluminum bottle but easier 
to clean; some people prefer the 
taste to that of aluminum contact.

Vehicle*

Carbon 
dioxide 

emissions  
(gms/km)

Hydro-
carbon  

emissions  
(gms/km)

Chevrolet  
Suburban 396 0.079

Toyota  
Prius MkII 120 0.018

Piaggio 
Vespa 

GT200 gas 
scooter

72 0.300

Vectrix  
electric 

maxi 
scooter

36 0.064

2009 VX-1 Vectrix

Your Life, Your Choices
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Get Paid to 
Produce Power
“Net metering” allows homeowners 
with wind turbines, solar panels or other 
energy-generating devices to sell surplus 
electricity to the local power grid. The 
arrangement is available in 44 states,  
although many programs are restricted 
to certain types of utilities. Learn more 
about your state’s rules at http://apps3.
eere.energy.gov/greenpower/ 
markets/netmetering.shtml

The carbon 
dioxide emissions 

from powering 
15 computers are 

equivalent to 
those produced 

by one car.
SOURCE: www.localcooling.com
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Brightest Bulb in the Box
Most people are now aware that compact fluorescent 
bulbs are more efficient than incandescents. But how do 
they stack up against light-emitting diodes (LEDs), the new-
er kid on the block? Answer: LEDs burn brighter, last longer 
and contain no mercury, but they aren’t yet cost-competitive 
for everyday household use. Also, LEDs work best in fixtures 
that are specially designed to dissipate heat. So buy compact 
fluorescents now, and they should last long enough—several 
years at least—to light your way to LEDs.

 
Considering how 

much water is 
required to grow, 

transport and 
process coffee, 
more than 36 
gallons are 

needed to make 
one cuppa joe.

SOURCE: Stockholm International Water Institute

Leading the 
Chargers
Some cell phone chargers draw more 
power than others when left plugged 
into the wall but disconnected from the 
phone. In an effort to conserve energy, 
the world’s top five cell phone manu-
facturers (LG, Motorola, Nokia, Sam-
sung and Sony Ericsson) have launched 
a common system for rating that silent 
draw, on a scale of zero to five stars, 
with five being the least power con-
sumed. Visitors to each company’s Web 
site can find ratings for all of that com-
pany’s chargers (search for “charger en-
ergy efficiency”). Ratings are based on 
the U.S. Energy Star and European 
Commission energy standards. Nokia 
claims that if every mobile device owner 
switched to a four- or five-star charger, 
enough electricity would be saved to 
close down two medium-size power 
plants. Just remember: unplugging any 
charger when it is not in use saves the 
most juice. 

 
Bulb Type

 
Cost

Typical life 
span (hours)

Brightness 
(lumens/watt)

Incandescent Less than $1 1,000 15

Compact fluorescent About $2 10,000 60

LED About $80 50,000 75
SOURCES: U.S. Department of Energy, EarthLED

Laundry Hangout

Except for refrigerators, the biggest energy 
hogs in most households are washing ma-
chines and clothes dryers. The good news is 
that it’s easy to dramatically reduce the ener-
gy these appliances use. By washing all 
clothes in cold water, you can reduce con-
sumption by as much as 90 percent. Unless 
garments have oil or grease spots, cold water 
cleans fine and keeps colors brighter for lon-
ger (some home economics experts do recom-
mend a cold-water detergent for best results). 
What’s more, by drying laundry on a clothes-
line or rack you can save $75 and 700 pounds 
of carbon dioxide emissions a year. The sim-
plest fix of all: don’t wash your clothes until 
they look dirty or fail the sniff test.
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BuyingGreen
Stuff for Sustainable LivingBy Susannah F. Locke

Virtual Sleep
computer energy saver
www.eco-button.com
In the U.S. alone, computers that are left on while idle 
leave a footprint of millions of tons of carbon dioxide a 
year. The Ecobutton ($22) plugs into your computer’s USB 
port to make power saving easy. Press the button, and the 
included software turns off everything in your computer 
except crucial memory, shrinking its power use to a mere 
1.8 watts—a much deeper sleep than standby mode. 
Touch the keyboard, and all programs quickly return to 
normal. For an intriguing extra, Ecobutton software also 
tracks how much you have decreased your computer’s  
carbon footprint. Currently PC-compatible only.

The Sound of Music 
power-free speaker

www.charlesandmarie.com
Amplify your music using no energy at all. Science and 
Sons’ Phonofone II ($500), inspired by the days of yore, 

boosts the sound emanating from earphones using 
nothing but clever acoustics, requiring no batteries or 

wires. The ceramic horn takes design cues from the 
tuba and classic Gramophone to passively amplify 

sound waves up to 55 decibels—about as loud as lap-
top speakers. Just press play on any portable music 

player and place its earbuds into the Phonofone’s ear-
phone cradles. Expensive, yes, but perhaps a show-
piece. Limited edition also available in black ($600).

Bug Buster
ultraviolet sterilizer
www.zadro.biz
Why clean with chemicals when an ultraviolet (UV) 
light wand kills E. coli, Salmonella, staph and bird flu, 
along with the eggs of dust mites, lice and fleas? The 
Nano UV Wand from Zadro Products ($160), which 
measures 22 inches long when unfolded, uses a com-
bination of UVA, UVB and UVC rays. Hospitals, water 
treatment plants, food-processing plants, air cleaners 
and toothbrush sanitizers all employ UVC light to help 
with cleaning. —Larry Greenemeier
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Pouch of Pouches
reclaimed tote bags
www.terracycle.net
Paper, plastic or drink pouch? TerraCycle turns 
junk into gems by recruiting community bri-
gades to collect nonrecyclable materials such 
as wine corks, yogurt cups, cookie package 
wrappers and, in this case, drink pouches. 
These totes ($9.99) arise from more than 7,200 
groups that collect some of the five billion non-
recyclable drink pouches thrown away every 
year. TerraCycle donates two cents per pouch 
to charity. Then the company sews the trash 
into bags, backpacks and pencil cases. Tote 
available only at www.Target.com 

Pickin’ Wheat
biodegradable music accessories
www.wheatware.com
More than 100 million guitar picks are made a year, and although 
their disposal might not kill the planet, there is no reason they 
should spend decades in landfills. Wheatware has turned to an 
American staple crop to make its biodegradable music accessories: 
wheat. The company’s guitar picks ($4.20 for 12) and tree-free 
drumsticks ($14.99 a pair) are fashioned from a wheat resin and 
compost into plant fertilizer in about 90 days. Apparently, they 
don’t sound bad either.

Think Globally, 
Hoop Locally

recycled basketball
www.wilson.com

Sometimes recycling knows no bounds. The cover 
of Wilson’s Rebound ball ($14.99) is made from 40 
percent recycled rubber. Together about 70 of the 

basketballs save the equivalent of one automobile 
tire. Extra shot: The ball’s packaging contains 80 
percent pre- and post-consumer recycled paper. 
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Burning Grounds
coffee firelog
www.java-log.com
Oh, the fire is so delightful, but the carbon dioxide is 
frightful. The Java-Log ($3.50) burns cleaner than 
wood and just as long as standard firelogs. Jarden 
Home Brands claims that its product produces only 
one fifth as much of the airborne particles and car-
bon dioxide as the traditional dead-tree variety does. 
The logs are fashioned from compressed wax and 
postindustrial coffee grounds that companies ditch 
after making coffee-flavored foods. And Java-Logs 
reportedly save 20 million pounds of coffee grounds 
from the garbage dump every year. No, they won’t 
make your living room reek of espresso. 

Meet your Sheep
organic clothing
www.icebreaker.com
Icebreaker’s merino wool clothing comes with a fully transparent 
supply chain. Enter the “baacode” on your shirt’s tag online and 
meet the New Zealand farmers who care for the sheep whose 
wool you are wearing. Then watch videos that trace the renew-
able fiber’s journey into yarn, fabric and clothing to see the com-
pany’s working conditions and environmental ethics for yourself. 
Prices vary with product.

Acre of Hair
fair-trade shampoo

www.saveyourworld.com
Save Your World sells all-natural, fair-trade bath and body 

products in accordance with a benevolent business strategy. 
The company saves one acre of South American rain forest for 
one year for each product sold, even if it’s just a teensy tube of 
lip balm. It achieves this feat by supporting Conservation Inter-
national’s deal with the Guyana Forestry Commission to lease 
land for 15 cents an acre per year. To take part, you can lather 

up your mop with Save Your World’s shampoos featuring nutri-
ent-rich yerba maté and organic aloe vera. Then try the coco-

nut and avocado oil conditioner. Hair products ($9.98 and up) 
available in rain forest, oasis fruit and regal blossom scents. 
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Tools
Find Green Businesses
Search for organic restaurants 
and green cleaning services on 
Ecovian, a guide to eco-friendly 
businesses in certain U.S. cities. 
The site rates the businesses on  
a scale of “greenness.”
www.ecovian.com

Recycle Everything
Newspapers and aluminum cans 
are relatively easy to recycle. 
Earth911 is a database of where 
to recycle less conventional 
items—everything from printer 
cartridges and televisions to 
paint, car parts, asbestos and 
even explosives.
http://earth911.com 

Free Money
Tax credits, rebates and other in-
centives in your state for all kinds 
of home and business projects 
that save energy or use renew-
able power can be found at the 
Database of State Incentives for 
Renewables & Efficiency. 
www.dsireusa.org

Just Shoe It 
Recycle your old kicks by drop-
ping them off at one of 300 loca-
tions worldwide sponsored by 
Nike’s Reuse-A-Shoe program. 
The shoes are turned into materi-
als for synthetic running tracks 
and tennis courts.
www.nikereuseashoe.com

Activities
Water Cleanup
Waterways are a precious re-
source. Volunteer to help moni-
tor water quality and collect 
trash with local “stream teams” 
and other groups. The Adopt 
Your Watershed campaign 
tracks such initiatives around 
the country. 
www.epa.gov/adopt

Roll Up Your Sleeves
The Clean Up the World cam-
paign, supported by the United 
Nations Environment Program, 
helps to coordinate volunteers to 
plant trees, recycle and partici-
pate in many Earth-friendly activ-
ities. To date, some 35 million 
people have taken part. Clean Up 
the World Weekend in 2009 is 
September 19–20.
www.cleanuptheworld.org/en

Get Out
The Ecopalooza Green Living 
Network offers an online calen-
dar of eco-events around the U.S. 
Feel free to submit your own.
www.ecopalooza.net

Go Frogging
You might know the calls of birds 
in your backyard, but if you don’t 
mind learning a few frog calls 
you could help scientists monitor 
amphibian populations through-
out the spring and summer. 
www.pwrc.usgs.gov/naamp 

Books
Frommer’s 500 Places to  
See before They Disappear 
by Holly Hughes, with Larry West 
(Wiley).
Forget about visiting places be-
fore you die. See these natural, 
cultural and historic spots before 
they expire.

State of the World 2009:  
Into a Warming World
by The Worldwatch Institute 
(W.W. Norton).
This annual climate change 
handbook provides analyses of 
and solutions to one of the big-
gest problems of our time.

Eco-Logical
This online bookseller based in 
the U.K. publishes a wide variety 
of guides on green topics, includ-
ing growing wild mushrooms and 
planning your eco-funeral.
www.eco-logicbooks.com

Video 
and Audio
Rent It Tonight
Tired of Blockbuster night? 
Green Planet Films, a nonprofit 
organization, rents and sells 
DVDs on topics ranging from the 
coal and fishing industries to  
bicycle advocacy and recycling  
for kids.
http://greenplanetfilms.org

60-Second Earth
In just one minute, you can learn 
about the world’s energy future, 
climate change, what to do with 
the waste from gold mines and 
other cool (or hot) topics from 
Scientific American’s 60-Second 
Earth podcast.
www.SciAm.com/podcast 

Exhibits
Nice Place to Live
Green buildings seem to be pop-
ping up everywhere. But sustain-
able universities, neighborhoods, 
towns and entire urban centers 
are featured in Green Communi-
ty, an exhibit at the National 
Building Museum in Washington, 
D.C., until October 25.
www.nbm.org

Insects Galore 
Audubon Insectari-
um—a museum  
devoted to bugs—

recently opened  
its doors in New  
Orleans. Exhibits 
show that insects are not only 
important for pollinating and de-
composing—key factors in main-
taining biodiversity and viable 
ecosystems—sometimes they’re 
even tasty.
www.auduboninstitute.org

—By Rachel Mahan
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Denali National Park, Alaska
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New Slant
Macallen Building

green construction is not just in the purview of new homes and trendy skyscrapers. 
Smart design of average condominiums, offices and other common buildings can significantly lessen 
their urban footprint, too. Witness the 140-unit Macallen Building in Boston, completed in 2007, 
the first multifamily dwelling in New England to receive the Leadership in Energy and Environmen-
tal Design (LEED) “gold” certification.

As striking as the condo’s ship-hull shape is its green roof, a series of six sloping terraces. Rainwa-
ter not absorbed by the rooftop plant life collects in a basement cistern to irrigate the crown during 
dry days, while also easing pressure on Boston’s storm-water runoff system. The narrow building 
layout provides so much natural illumination to interior rooms that artificial daytime light is rarely 
needed, even on cloudy days, according to design firm Burt Hill, Inc. Each residence is warmed by 
 a heat pump that taps the Trigen Energy Corporation steam lines that run underneath the street. 
Walls contain all-cotton insulation, and interiors are bedecked with wood certified by the Forest 
Stewardship Council, along with wheatboard-core cabinets and low-volatile organic-compound fin-
ishes. (A notable 75 percent of construction materials were recycled.) An added touch: a communal 
hybrid car is stationed in the parking garage.  —Mark Fischetti
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