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aggressive optimism. Those two words capture the spirit of this mag-
azine and, we hope, the spirit that Washington, D.C., will bring to ur-
gent energy, environment and sustainability issues. Right now a new 
president is calculating his administration’s first steps. If he is serious 
about ending U.S. dependence on oil, stopping climate change and re-
versing destruction of land and sea, he has to take strong actions in his 
first 100 days. On page 18, Shirley Ann Jackson, president of Rensselaer 
Polytechnic Institute, talks straight about what those actions should be.

One big decision will be how to limit carbon dioxide emissions. Every-
one has been calling for a cap-and-trade system, but as entrepreneur Pe-
ter Barnes of the Tomales Bay Institute explains on page 20, such an ap-
proach has a tragic flaw: it will cost average citizens money. Barnes has  
a better plan, called cap and dividend, that actually pays you and me.

Like it or not, money is at the nexus of energy and emissions deci-
sions. History shows that as soon as high fossil-fuel prices drop, so 
does investment in alternative energy. Economist Steven Kyle of Cor-
nell University argues on page 23 that there is only one way to prevent 
a backslide: a tax on oil. If you think altruism or fear is enough to sup-
port clean energy, talk to venture capitalists. I recently asked three of 
them whether, knowing the national security and environmental value 
of weaning society off oil, they would continue to fund alternative en-
ergy start-ups if oil prices sagged. All three said no.

Given that, the government has to step in. It needs to stop subsidiz-
ing fossil industries and start funding renewable ones, even if standard 
economic models question such spending. A century ago the federal 
government backed a struggling electric grid and a fledgling automo-
bile industry, despite models that indicated a poor probability of pay-
back. Of course, those bold actions fueled American prosperity for de-
cades. The lever then, as now, was neither a cost-benefit analysis nor 
hand-wringing but the political will to embrace aggressive optimism 
and lead.

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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Successes in Sustainability

Crops Could Cleanse Soil

Every year Europe grows 900,000 hectares of rapeseed to produce 
biodiesel, the region’s leading biofuel. But what if this crop could  
provide a second ecological payoff? Scientists at Ireland’s Institute of 
Technology, Carlow, are trying to use it for environmental cleanup, too.

Mining and industry processes contaminate soil with heavy met-
als—including arsenic, copper and nickel—rendering it unusable for 
agriculture. Although some noncommercial plants can grow in such 
soils and even take up and remove the metals, potentially useful 
crops—rapeseed, for one—fare poorly in these conditions. Carlow 
postdoctoral student Olivia Odhiambo wondered whether bacteria, 
which assist plants in modifying metals and converting nitrogen into 
energy, could also help rapeseed thrive in polluted earth. 

Odhiambo isolated three strains of bacteria, including a mutant  
form of Pseudomonas fluorescens, that facilitate the growth of trees  
in contaminated conditions. After confirming that the bacteria help 
rapeseed grow faster in healthy soil, too, she tested them in metal-rich 
soil. Preliminary results suggest that the bacteria helped the oilseed 
flourish, perhaps because the microbes convert the metals into harm-
less by-products. 

Whether rapeseed can accumulate enough metal to “clean” soil sig-
nificantly remains an open question, according to Leon Kochian, a plant 
biologist at Cornell University. But if it can, scientists could use the 
plants, which grow in a range of climates, as decontaminants around 
the world—and then use the seeds for biofuel.  —Melinda Wenner

Intel Saves Air and Money

Corporations that design facilities to minimize their environmental impact 
may earn a financial return, too. That is Intel’s experience as it prepares to 
open two significant installations: a research and development building in 
Israel and a $2.5-billion integrated-circuit fabrication plant in China. “We 
haven’t run out of projects that get a three-year return on investment,” 
says Todd Brady, Intel’s corporate environmental manager.

Intel’s building in Haifa, due to open early in 2009, will comply with 
the Leadership in Energy and Environmental Design (LEED) rating sys-
tem. The $600,000 spent on green investments will pay off quickly, 
with $200,000 in operational savings annually. Space heating, for  
example, will come from waste heat captured from the crowd of com-
puters in the data center instead of from a conventional boiler system. 
Three quarters of the occupied office space will receive enough daylight 
for full lighting, greatly reducing electricity demand.

The fabrication plant in Dalian, China, should open by 2010. With  
an extensive heat-recovery system, the plant will need only one natural 
gas boiler, compared with three for similar facilities. Buildings are posi-
tioned to exploit the sun’s daily path overhead for light and heat and  
to bring in cool winds off the bay as needed. Intel also plans for its  
fabrication plant to emit exceptionally low levels of perfluorinated  
compound vapors, which contribute to global warming.

 —Stephen D. Solomon

Intel CEO Paul Otellini
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Unselling Bottled Water

What began as a public relations campaign to 
encourage people to switch from bottled water 
to tap water has turned into a brisk business.

A year ago Eric Yaverbaum, president of the 
public relations company Ericho Communica-
tions, and Mark DiMassimo, founding partner of 
the DiMassimo Goldstein advertising agency, 
created Tappening, a campaign and a Web site 
(www.tappening.com). They intended to edu-
cate the public about the petroleum consumed 
to make disposable water bottles and the huge 
burden the products impose on landfills.

The strategy, DiMassimo says, was to “unsell 
bottled water.” To help offset the cost, the part-
ners decided to market reusable water bottles 
on their site, each one bearing one of two slo-

gans: “Think Global, Drink Local” or “What’s Tappening?” They received 39,000 orders 
within 36 hours. “I learned very quickly the potential power of viral marketing,” Yaver-
baum says. The surprise prompted the duo to ramp up their publicity machinery, which 
garnered national attention. Although that response cannot be linked directly to the fate 
of the industry, both PepsiCo and Coca-Cola reported a decline in sales for unflavored wa-
ter in the second quarter of 2008.

By this past November, Yaverbaum and DiMassimo had sold more than 300,000 bot-
tles. The Web site now offers numerous articles, home water-testing kits and a national 
tap-water-quality database. “What bottled water has is a brand,” DiMassimo explains. 
“That’s what we aim to create for tap water.”  —Mark Fischetti

You, Too, Can Be a Hypermiler

Mileage maven Wayne Gerdes says drivers can improve fuel economy by 20 to 40 
percent beyond their car’s EPA rating, simply by adopting techniques that he and  
his fellow enthusiasts have perfected.

Gerdes, who lives in Wadsworth, Ill., coined the term “hypermiling” to describe 
tactics that significantly extend a vehicle’s gas mileage. He has set numerous  
records, prompting more than 8,000 compatriots to follow his lead. Gerdes tracks 
their feats at www.cleanmpg.com, which offers a “buffet table of techniques.” 
Simple steps include driving at slower speeds, avoiding quick accelerations and  
removing unused cargo racks, which create drag. Intermediate practices involve 
coasting in neutral, turning the engine off during long stops and installing a gauge 
(common in hybrid vehicles) that displays instantaneous fuel efficiency, which can 
train drivers how to maximize gains. 

Some extreme aficionados have been accused of drafting closely behind trucks 
and risking other actions that could be considered dangerous or illegal. But Gerdes 
says hypermiling should not be equated with unsafe driving: “There are many basic 
techniques that are safe and actually make you a better driver. It is up to you.”

Gerdes turns to hybrid vehicles for record setting. In 2006 he and a small team 
averaged 164 miles per gallon in a standard 2001 Honda Insight over a 2,000-mile 
road rally course in Oklahoma. This year Gerdes averaged 71 mpg driving on regular 
roads from Chicago to New York City in an unaltered Toyota Prius.  —Ann Chin

High-mileage champ 
Wayne Gerdes

Wanted: Spare 
Computer Power
Better climate models are key to understanding how 
best to protect the environment and food produc-
tion, but they require massive computing resources. 
You can help. Climateprediction.net allows 
researchers to parcel out simulations to computers 
that are online but not being used to full capacity. 
More than 96,000 idle computers in 138 countries 
have already been tapped to run thousands of simu-
lations. Each participant receives a unique task, 
which could take days or months to complete. Cur-
rent projects include models of atmospheric and 
oceanic forces acting from 1920 through 2080. 
Interested? Log on to www.climateprediction.net 
and download BOINC, a software platform that 
allows you to volunteer computing power for a 
range of scientific ventures. —Barbara Juncosa
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Greening the Supply Chain

Researchers at Carnegie Mellon University are urging compa-
nies to broaden their carbon-footprint calculations. They report 

that many U.S. companies in a variety of industries do not 
account for the entire supply chain that results in final 

goods and services—overlooking up to 75 percent of  
the greenhouse gas emissions involved.

Most factories, it seems, assess only carbon dioxide 
released directly and not from materials processing or 
production of parts done by suppliers, which contributes 
significantly to the ultimate footprints. Similarly, most  

retailers analyze only their stores and not their merchan-
dise supply lines.

The payoff of broadening their carbon-footprint analysis, 
says Chris Hendrickson, co-director of Carnegie Mellon’s Green 

Design Institute, is that companies will find “new cost-effective 
ways to reduce greenhouse gas emissions.” By looking beyond 
their own walls, businesses will uncover more ways to reduce 
the burden of looming carbon taxation and high fuel prices. 
Identifying more energy-conscious manufacturers, for example, 
could reduce emissions for retailers more dramatically than  
simply decreasing electricity use in stores. —Barbara Juncosa
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The payoff of broadening their carbon-footprint analysis,
says Chris Hendrickson, co-director of Carnegie Mellon’s Green 

Design Institute, is that companies will find “new cost-effective 
ways to reduce greenhouse gas emissions.” By looking beyond
their own walls, businesses will uncover more ways to reduce
the burden of looming carbon taxation and high fuel prices. 
Identifying more energy-conscious manufacturers, for example,
could reduce emissions for retailers more dramatically than
simply decreasing electricity use in stores. —Barbara Juncosa
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Perhaps the best way to fight the decades-long
decline of fish populations, primarily from overfish-
ing, is to give the fishing industry clearer incentives
to preserve them. That conclusion leapt from a 
recent analysis of the effect of “catch share” incen-
tives by resource economist Christopher Costello and 
others at the University of California, Santa Barbara.

The researchers analyzed more than 11,000 fi sher-
ies over 50 years and found that those being managed
using catch shares were about half as likely to collapse
as those without catch shares. And when fi sheries
switched to catch shares, fish populations stopped de-
clining and, according to some analyses, may have re-
versed course. “I’ll be honest,” Costello says, “I was re-
ally surprised” by the size of the effect.

The system of catch shares works somewhat like a
stock market: individual fishers can net a designated
percentage of the total amount of a species set aside
for fishing annually. The cap on each fish type is ad-
justed yearly by the government according to how

the species is faring. If the population increases, the
shares increase in value, too. And fishers can buy and
sell shares to one another.

Catch shares give fishers a financial motive to
treat the ocean with care, because they are literally 
invested in the future of their quarry. Costello com-
pares the difference between catch shares and tradi-
tional fishing licenses (which expire yearly) to the
difference between renting and buying a house. 
“When you own a house, you have a strong incen-
tive to invest in it,” he points out. “The fishermen
have an incentive to grow the fish stock” by
fi shing responsibly.

Boris Worm, a marine biologist at Dalhousie 
University in Halifax, Nova Scotia, who two years 
ago predicted the collapse of seafood as a food
source by 2048, says Costello’s work is noteworthy
but adds that catch shares will work better when
combined with other tools, such as banning fishing 
in sensitive areas. —Susannah F. Locke

Stock-Market Strategy Halts Fishing Collapse

D
AV

ID
 JO

EL
G

et
ty

 Im
ag

es
(m

an
 in

sp
ec

tin
g 

ba
rr

el
s)

; B
EN

EL
U

X
/Z

EF
A

/C
O

RB
IS

 (fi
 s

hi
ng

bo
at

)

Johns Hopkins
Center for a

Livable Future
Making 

vital connections 
Health
Diet

Food Production
Environment

www.jhsph.edu/clf

410-502-7578

Think one person can’t really 
help the environment? 

Think again.

Call 800-776-0188 or visit 
www.earthwatch.org.

Change the World. Yourself.

THINK FRESH
WWW.FRESH-ENERGY.ORG

The Midwest has long been a 
leader in clean energy technology.

Fresh Energy delivers policies to 
keep it that way.

Renewables

10 years of delivering credible
information, straight answers, 

and innovative solutions to 
address global climate change.

Cap & Trade

Emissions Trading

U.S. Policy

Beyond 2012

Business

Coal

Economics

Adaptation

Technology

Nuclear

www.pewclimate.org

EarthTrends

http://earthtrends.wri.org

“One of the year’s 25 best
reference resources.”

—NEW YORK PUBLIC LIBRARY OFFICE OF INFORMATION SERVICES

Data, graphics, and analyses
of the environmental trends

that shape our world.

WORLD
RESOURCES
INSTITUTE

Th e Woods Hole
Research Center

Environmental 
Science, Policy, 
and Education 

for 
Sustainable 
Well-Being

whrc.org

©

010-011  11/5/08  12:10 PM  Page 1

http://www.chinahourly.com/slideshow


w w w.Sc iAmEar th3 .com  11

Perhaps the best way to fight the decades-long 
decline of fish populations, primarily from overfish-
ing, is to give the fishing industry clearer incentives 
to preserve them. That conclusion leapt from a 
recent analysis of the effect of “catch share” incen-
tives by resource economist Christopher Costello and 
others at the University of California, Santa Barbara.

The researchers analyzed more than 11,000 fisher-
ies over 50 years and found that those being managed 
using catch shares were about half as likely to collapse 
as those without catch shares. And when fisheries 
switched to catch shares, fish populations stopped de-
clining and, according to some analyses, may have re-
versed course. “I’ll be honest,” Costello says, “I was re-
ally surprised” by the size of the effect.

The system of catch shares works somewhat like a 
stock market: individual fishers can net a designated 
percentage of the total amount of a species set aside 
for fishing annually. The cap on each fish type is ad-
justed yearly by the government according to how  

the species is faring. If the population increases, the 
shares increase in value, too. And fishers can buy and 
sell shares to one another.

Catch shares give fishers a financial motive to 
treat the ocean with care, because they are literally 
invested in the future of their quarry. Costello com-
pares the difference between catch shares and tradi-
tional fishing licenses (which expire yearly) to the 
difference between renting and buying a house. 
“When you own a house, you have a strong incen-
tive to invest in it,” he points out. “The fishermen 
have an incentive to grow the fish stock” by  
fishing responsibly.

Boris Worm, a marine biologist at Dalhousie  
University in Halifax, Nova Scotia, who two years 
ago predicted the collapse of seafood as a food 
source by 2048, says Costello’s work is noteworthy 
but adds that catch shares will work better when 
combined with other tools, such as banning fishing 
in sensitive areas.   —Susannah F. Locke

Stock-Market Strategy Halts Fishing Collapse 
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Perhaps the best way to fight the decades-long
decline of fish populations, primarily from overfish-
ing, is to give the fishing industry clearer incentives
to preserve them. That conclusion leapt from a 
recent analysis of the effect of “catch share” incen-
tives by resource economist Christopher Costello and 
others at the University of California, Santa Barbara.

The researchers analyzed more than 11,000 fi sher-
ies over 50 years and found that those being managed
using catch shares were about half as likely to collapse
as those without catch shares. And when fi sheries
switched to catch shares, fish populations stopped de-
clining and, according to some analyses, may have re-
versed course. “I’ll be honest,” Costello says, “I was re-
ally surprised” by the size of the effect.

The system of catch shares works somewhat like a
stock market: individual fishers can net a designated
percentage of the total amount of a species set aside
for fishing annually. The cap on each fish type is ad-
justed yearly by the government according to how

the species is faring. If the population increases, the
shares increase in value, too. And fishers can buy and
sell shares to one another.

Catch shares give fishers a financial motive to
treat the ocean with care, because they are literally 
invested in the future of their quarry. Costello com-
pares the difference between catch shares and tradi-
tional fishing licenses (which expire yearly) to the
difference between renting and buying a house. 
“When you own a house, you have a strong incen-
tive to invest in it,” he points out. “The fishermen
have an incentive to grow the fish stock” by
fi shing responsibly.

Boris Worm, a marine biologist at Dalhousie 
University in Halifax, Nova Scotia, who two years 
ago predicted the collapse of seafood as a food
source by 2048, says Costello’s work is noteworthy
but adds that catch shares will work better when
combined with other tools, such as banning fishing 
in sensitive areas. —Susannah F. Locke
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Singing in the Rain (Forest)

In May 2009 the Rainforest 
Foundation will celebrate 20 
years of protecting the Trop-
ics. Founded by artist couple 
Sting and Trudie Styler, the 
organization has become a 
popular cause célèbre for 
well-known singers and 
actors. In October the envi-
ronmental group Oceana 
honored rocker Sting and 
movie producer Styler for  
sustaining such a long-term 
commitment to the earth. The 
recognition, Styler says, “is a reminder that no one environmental issue 
can be considered separately from any other.”

The foundation (www.rainforestfoundation.org) is perhaps best 
known for helping indigenous people pursue formal legal title to re-
gional lands they have long inhabited. Typically, once title is granted, 
the locals have the right to try to end any clear-cutting or other forms  
of destruction. Among numerous projects, the foundation has helped  
Shuar communities in Ecuador establish ownership of more than 
100,000 acres of rain forest in the Kutuku Amazonian mountain range, 
set up a legal framework for securing land rights in Suriname, and 
found ways for the Achuar people of Peru to force oil-drilling firms to 
clean up pollution the industry causes. “We are now supporting the 
fight against deforestation in 23 countries,” Styler says. “And as we 
protect the rain forest, we help to sustain the livelihoods of hundreds  
of thousands of its people.”  —Mark Fischetti

Organic Farms Say “WWOOF”

More and more people who want to get away, get their hands dirty  
and get smarter about organic lifestyles are arranging their vacations 
through World Wide Opportunities on Organic Farms (www.wwoof.
org). The organization publishes online lists of organic farms and  
gardeners that welcome help. In a typical arrangement, visitors work 
half a day in exchange for room and board, which varies from a meal 
and a tent to individual rooms or trailers. 

The program, begun in the U.K. in 1971, had only 500 U.S. member 
volunteers in 2003. Today there are 3,200—and more than 700 Ameri-
can host farms from which to choose. WWOOFers now also partici-
pate in projects such as land restoration and animal husbandry. Most 
volunteers opt to live on a farm for a few days, but some may stay  
a month or more. 

Ryan “Leo” Goldsmith, WWOOF-USA administrator and founding 
board member, says the rapid growth stems in part from an interest  
in “local, cheap vacation options that include good-feeling work out-
doors.” Some people are serious about wanting to train to be farmers, 
but most want to “get more involved with the movement toward local 
and sustainable agriculture.”  —Ann Chin

Rooftop Solar on a Roll

Many flat roofs in the U.S. could be generating electricity if they were 
covered with photovoltaic cells. But traditional solar panels are still  
relatively expensive to install. Solyndra in Fremont, Calif., hopes to cover 
the rooftops with solar tubes instead.

Solyndra is churning out thin-film cells made of copper, indium, galli-
um and selenium. The film is wrapped into a cylindrical shape and en-
cased in glass that seals out moisture and concentrates sunlight. “We are 
collecting light from all angles, even collecting diffuse light,” says found-
er and CEO Chris Gronet, thereby converting more of it into electricity. 
Because the arrays of cylinders do not have to be angled toward the sky 
or anchored against the wind, as flat panels must be, “we have half the 
installation cost and can install in one-third the time,” he says.

Gronet declined to comment on the cylinders’ price or reliability, but 
some installers are already buying in. In November, Phoenix Solar AG, 
near Munich, Germany, committed $615 million to purchase Solyndra’s 
product. The company has 10 prototype installations in Germany and  
in five U.S. states. —David Biello
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“In my view the IARU International Scientifi c Congress on 
Climate Change will be a pivotal event that will contribute 
with a scientifi cally solid foundation to the political decisions 
to be made during the UN Climate Conference, COP15, in 
Copenhagen in December 2009” 
 
 Prime Minister of Denmark, Mr. Anders Fogh Rasmussen

“The challenge before us is not only a large 
one, it is also one in which every year of delay 

implies a commitment to greater climate 
change in the future.”

Dr. Rajendra Pachauri, Chairman of the IPCC

“We know climate change is the greatest market failure 
the world has ever seen. This Congress will be a signifi cant 
contribution in articulating the latest evidence on how 
large the risks are and what the response should be.” 

Professor Lord Nicholas Stern, 
The London School of Economics and Political Science (LSE)

C L I M AT E C H A N G E
 G l o b a l  R i s k s ,  C h a l l e n g e s  &  D e c i s i o n s

 COPENHAGEN 2009 , 10 -12  Mar ch

Experts and decision makers from more than 70 countries will gather to provide 
a scientifi c basis for urgent political action on climate change.

1.000+ international experts
57 multidisciplinary sessions

15 plenary speakers
1 synthesis report

handed over to the participants at the COP15

Who will decide what´s the most pressing problems relating to climate change? - You will! 
- at the most important Scientifi c Congress on Climate Change in 2009:

Read more and register at: www.climatecongress.ku.dk

The University of Copenhagen is organising the scientifi c congress in cooperation with the partners in the International Alliance of Research Universities (IARU):

Australian National University, ETH Zürich, National University of Singapore, Peking 
University, University of California - Berkeley, University of Cambridge, 
University of Copenhagen, University of Oxford, The University of Tokyo, Yale University

The IARU International Scientifi c Congress on Climate Change is sponsored by:
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1.14 million 
brown  
paper bags
are used in the 
U.S. every hour
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VIEW

Disappearing: One in four mammals is now threatened with 
extinction from deforestation, hunting and climate change.

Today 2030

Foreign oil
imports

U.S. oil
production

New offshore
drilling

0.2 million
barrels a day
in 2030

1%

5.6 million
barrels a day

34%

10.8 million
barrels a day

65%

Drill, baby, drill: 
Proponents say 

opening the U.S. 
outer continental 

shelf to drilling 
would cut 

dependence on 
foreign oil.
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Trashed: For decades, 
circulating ocean 
currents have picked 
up refuse from 
shorelines and boats 
and corralled it in two 
vast lobes of decaying, 
soupy material dubbed 
the Great Pacific 
Garbage Patch.
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O C E A N

Western 
lobe of 
garbage 
patch

Eastern 
lobe of 
garbage 
patch

NORTH PACI F IC CUR R E N T

NORT H EQUATOR I A L CUR R E N T

Garbage patch discoverer, 
Charles Moore
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Leaders of the Fight Speak Out
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The new president must take bold steps, right away, 
to tackle the nation’s energy challenge

energy security is the greatest challenge and the  
greatest opportunity of our time. But lack of action has put the 
U.S. at risk. America needs a bold plan that ignites our collec-
tive imagination, sparks innovation, and creates economic and 
national security. The starting point? A call to action from our 
new president in the first 100 days of his administration.

The president, Congress and industry must proceed with 
haste because a seismic restructuring of the global energy sys-
tem is under way. Oil and natural gas consumption is rising at 
an unsustainable rate. Western companies that have controlled 
Middle Eastern oil since World War II are losing prominence. 
New powerhouses, notably Saudi Arabia’s Aramco, Russia’s 
Gazprom, China’s CNPC, Iran’s NIOC, Venezuela’s PDVSA, 
Brazil’s Petrobras, and Malaysia’s Petronas, control more than 
one third of the world’s oil and gas reserves. The International 
Energy Agency estimates that 90 percent of new production 
over the next 40 years will come from developing countries.

Flush with resources—and influence—these supply countries 
and their nationalized companies are amassing assets and mar-
ket shares, while building their own integrated supply chains. 
Russia is using its oil and gas abundance to lock up deals with 
European countries, even as they fret about how their huge 
neighbor will use its dominant energy position as a geopolitical 
tool. Many speculate that Russia’s recent invasion of Georgia 
was spurred, in part, by that position. And China is on a world-
wide march to secure energy supplies and minerals.

The global shift in supply chains and the effects of natural 

disasters, terrorism and war dispel the notion of “energy inde-
pendence.” The U.S. must focus on “energy security” instead, 
which should include as much self-sufficiency as we can muster.

Since 1973 the U.S. has gone from importing a third of its 
oil to nearly two thirds. New energy policies have arisen after 
events such as oil embargoes or price hikes, only to fade away. 
Today the forces working against the U.S. are staggering. So is 
the opportunity to benefit economically; the global private 
sector is investing heavily in renewable technologies, yet the 
U.S. has barely taken part. This time we must get our energy 
policy right—and soon. We urgently need decisive leadership.

The Action Plan
The U.S. can no longer afford merely to tinker with alternative 
energy or to focus on a single energy source. We certainly can-
not drill our way out of this problem. A comprehensive energy 
plan would adhere to six principles: ensure redundancy of sup-
ply and diversity of source; support well-functioning energy 
markets; invest in sound infrastructure for energy generation, 
transmission and distribution; provide for environmental sus-
tainability and energy conservation based on full life-cycle 
costs; offer consistent regulation and transparent price signals; 
and link each energy source to its optimal sector of use.

Working through the U.S. Council on Competitiveness, 
leaders from industry, labor, academia and government are 
formulating such a comprehensive energy security road map, 
with a particular eye to enhancing economic competitiveness 
while limiting environmental damage. A cornerstone of the 
plan is an action agenda that the new president and Congress 
should implement in the administration’s first 100 days:

  Issue an executive order mandating that the federal govern-
ment purchase products and services that meet the highest 
energy-efficiency standards. Such leadership and market 
pull will encourage the private sector.

Establish a clean energy bank, 
replace patchwork regulations and 
end inequitable energy subsidies. 

Obama’s First 100 Days
By Shirley Ann Jackson, Rensselaer Polytechnic Institute

© 2008 SCIENTIFIC AMERICAN, INC.
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  Establish a $200-billion “clean energy” bank, modeled on 
the U.S. Export-Import Bank and Overseas Private Invest-
ment Corporation. It will provide long-term financing for 
commercial investment in sustainable energy solutions that 
reduce, avoid or sequester carbon.

  Triple the currently paltry federal investment in basic and 
applied energy research and development. Create public-
 private partnerships—with federal baseline funding matched 
by state and private investments—to foster regional test beds 
and large-scale pilot plants for new energy technologies. 
Also, finance start-up companies and support existing small 
and medium-size clean energy businesses.

  End inequitable subsidies to select energy sources, equalizing 
competition. Direct the Office of Management and Budget to 
create a cross-governmental group that identifies barriers to 
various energy sources. Issue a presidential executive order, 
or propose legislation, to establish a consistent federal invest-
ment framework for all energy options—one that requires a 
full life-cycle analysis, including consideration of environ-
mental impacts, legal liabilities, tax incentives, and distor-
tion from trade subsidies and tariffs.

  Hasten the creation of a National Electrical 
Transmission Superhighway, which would en-
able significant expansion of alternative energy 
supplies. The president should convene gover-
nors and regulators to plan how to replace the 
current patchwork of transmission regulations 

within and between states with a single set of interoperabili-
ty standards for a truly nationwide, intelligent, self-healing 
power grid. Also, spur creation of consortia that can model 
the technical characteristics of that smart grid.

The plan also should enhance the crucial role of science and 
engineering professionals, who constitute our national innova-
tion engine. The president should create a $300-million “clean 
energy workforce readiness program,” augmented with state 
and private funds. The program would foster partnerships 
among energy companies, universities, technical schools, labor 
unions and the military. A special focus would be to advance 
interdisciplinary study by creating competitive, portable under-
graduate and graduate fellowships in energy-related disciplines.

The Council on Competitiveness and other groups are con-
tinuing to hammer out details of how to implement a long-term 

national energy security plan that would be as envi-
ronmentally benign as possible. The need for energy 
security has finally captured the nation’s attention. 
But that focus must quickly be converted into action. 
The president must exert strong leadership, sending 
a clear signal—in his first 100 days—to move us from 
rhetoric to reality. •

Shirley Ann Jackson is president of Rensselaer Polytechnic Institute 
and a vice chair of the U.S. Council on Competitiveness, where she co-chairs 
the council’s Energy Security, Innovation and Sustainability Initiative.

 Full details of the 
action plan set forth 
by the U.S. Council 
on Competitiveness 
are available at 
www.compete.org
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A novel carbon trading system 
would reduce warming ... and  
pay consumers

if you tried to dump harmful waste 
on the property next door, your neighbor 
would either stop you or require you to 
pay a fee. But if you dump carbon diox-
ide into the air, no one charges you a 
penny because no one, as yet, owns the 
air. This free ride results in what econo-
mists call a market failure. The actual 
costs of polluting the atmosphere are 
enormous, but polluters don’t pay them. 
Instead future generations are stuck  
with the tab.

A carbon tax, or a carbon cap-and-
trade system, can fix this market failure, 
but because American politicians are 
loath to impose taxes, a cap is far more 
likely. Under a cap, government sets a 
limit on total carbon emissions and is-
sues tradable permits up to the limit. 
Each year the number of permits de-
clines, reducing emissions over time. 
Permits can be issued to companies that 
emit carbon dioxide or to those that sup-
ply it for burning—oil, coal and natural 
gas firms. Issuing permits to suppliers is 
easier to administer because no smoke-
stacks need to be monitored. 

Cap and trade may sound simple, but 
it’s not. A trillion-dollar question lurks 
below the surface: Who will own the air? 
Capping emissions makes carbon scarcer 
and lets private companies raise the car-
bon price, which companies will likely 
pass on to consumers. But who ultimate-
ly gets the extra money depends on who 

has the initial rights to the air. It might 
seem self-evident that the air belongs to 
everyone, but when capping was first 
proposed, the assumption was that pol-
luting companies would be given permits 
for free. Europe, which operates the 
world’s leading cap-and-trade system, 
did just that. Not surprisingly, this led to 
higher prices for consumers and profits 
for polluters. 

Seeing this, several U.S. states that 
wanted to cap carbon dioxide decided to 
auction permits rather than handing 
them to companies for free. In this ap-
proach the auction revenue goes to gov-
ernment, which ostensibly uses it to im-
prove air quality. But consumers still pay 
higher prices, and many families are hit 
hard. According to the Congressional 
Budget Office, the average American 

family would pay $1,160 in higher prices 
if carbon emissions had to be cut 15 per-
cent. And that burden would get heavier 
as the cap got tighter.

Dividends Instead
To offset the load placed on consumers, 
a third form of carbon capping, known 
as cap and dividend, has gained support. 
Under this plan, permits are auctioned, 
but the revenues do not go to the govern-
ment; they go back to citizens in the 
form of dividends, distributed equally 
among everyone, perhaps even wired 
directly to people’s bank accounts or 
debit cards. The plan is modeled after 
the Alaska Permanent Fund, which pays 
equal dividends to Alaskan residents 
from the proceeds generated from  
state oil leases.

Cap and Dividend, Not Trade
By Peter Barnes, entrepreneur

Revenues from the 
permits do not go to  
the government; they 
go back to citizens, 
distributed equally 
among everyone.

Peter Barnes is a senior fellow at the Tomales Bay Institute in Point Reyes Station, Calif. He has 
started several companies and is author of Climate Solutions: A Citizen’s Guide (Chelsea Green, 2008).
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In essence, cap and dividend treats 
the air as a managed commons in which 
everyone owns a share. Liberals such as 
former secretary of labor Robert Reich 
and conservatives such as Senator Bob 
Corker of Tennessee support the ap-
proach, as do a growing number of cli-
mate scientists and economists. Some 
U.S. states as well as other countries are 
also considering the idea. 

As in other forms of capping, carbon 
emissions prices will rise as the cap de-
clines, spurring private capital to flow 
into clean alternatives such as wind and 
solar power. The crucial difference is 
that the dividends should rise along  
with the carbon prices, easing the im-
pact on consumers.

This approach also relieves pressure 

on politicians who want to do some-
thing about global warming but don’t 
want to impose burdens on the public,  
a key consideration at a time when high 
fuel prices and the economy are explo-
sive issues. And the system is simple to 
understand and administer.

Cap and dividend has another advan-
tage: it creates a virtuous circle, in which 
how people fare depends on what they do. 
The more carbon any company or indi-
vidual burns (directly or indirectly), the 
more that company or individual pays. 
Because everybody gets the same amount 
back, people gain if they conserve and 
lose if they guzzle. This is fair to all, and 
the poor come out ahead because they 
burn less carbon than other people do. 
Because the transition to a far more  

carbon-free economy will be long and 
difficult, it is vital to operate a system in 
which everyone has a chance to win. Oth-
erwise people will get angry, and political 
support will crumble.

The next president and congress will 
have one chance to turn the tide on cli-
mate change. Modest measures won’t be 
enough. We need to install an economy-
wide system that ratchets down carbon 
emissions, spurs investment in clean en-
ergy alternatives and simultaneously pro-
tects household incomes.

Cap and dividend would achieve all 
these goals. Just as important, it would 
unite Americans in the fight against cli-
mate change in a way that no other poli-
cy would—as citizens who are all co-
owners and caretakers of the air. •

© 2008 SCIENTIFIC AMERICAN, INC.
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Investing now in clean energy technology will  
create millions of jobs and lifelong careers

i grew up in lake charles, la., where we fished and  
hunted, living off the land. Like many others, I went to work 
for the petrochemical industry and stayed for years. That’s 
where the jobs were. But in 1994 my company offered a buy-
out. I left and started pushing the chemical industry to clean up 
its pollution and treat people fairly. I also tried to convince oil 
companies to explore alternative energy supplies.

Progress was difficult. Fossil fuels were cheap. The underly-
ing principle of the American economy was this: the more fossil 
fuels we consumed, the richer we became.

The situation is strikingly different today. Spiraling oil and 
coal consumption drains the economy, depletes the environ-
ment, puts America at the mercy of oil-rich states that don’t like 
us, and weakens the middle class. Domestic jobs are being lost.

Some economists predict trouble, but others see a once-in-a-
lifetime opportunity to change how we propel the nation. High 
fuel prices? Scale up cellulosic ethanol plants. Soaring electric-
ity rates? Retrofit older buildings and construct new ones that 
are more energy-efficient. Melting glaciers? Replace conven-
tional coal-fired power plants with alternative technology.

This green economy is already unfolding. Production of 
renewable energy systems is the fastest-growing industrial sec-
tor in the world; revenues are rising 25 to 40 percent a year.

What’s more, the clean energy, conservation and efficiency 
sectors are employing hundreds of thousands of workers. 
Green-collar job creation is starting to replace the 4.1 million 
blue-collar jobs the nation has lost since 1998, according to the 
U.S. Department of Labor. Green-collar jobs—installers, line 
workers, electricians, pipe fitters, and many others—pay wages 
capable of supporting families and producing careers.

The wind industry alone now employs nearly 20,000 Ameri-
cans. Newton, Iowa, which lost 1,800 washing-machine man-
ufacturing jobs in 2006, has replaced more than a third of 
them with two new plants that produce blades and towers for 
wind power companies. More than 25,000 people reportedly 
work in the U.S. photovoltaics industry. Sharp Electronics has 
converted a fading Memphis facility to solar panel production 
and employs nearly 230 union workers earning solid wages.

All of this sounds encouraging. But to make the transition 
from the old blue-collar economy to a new green-collar econo-

my, the U.S. needs to scale up its capac-
ity to design and build clean energy in 
ways that encourage suppliers and us-
ers. If the nation wants to supplant Ger-
many, China, Spain, Japan and Den-
mark and really lead these robust new 
energy markets, federal and state gov-
ernments must establish new invest-

ment policies that aid entrepreneurs, new tax and credit rules 
that provide financial incentives, new funds for research and 
development, and new thinking that quickly shifts our transpor-
tation policy away from cars to efficient rapid transit.

The consequences of such a move can be dramatic. In a well-
regarded 2004 study, my organization, the Apollo Alliance, 
showed that a $300-billion investment in the country’s eco-
nomic and energy future over 10 years would produce 3.3 mil-
lion jobs. The new principle of American prosperity in the 21st 
century should be this: clean energy technology that curbs cli-
mate change, makes the world more secure, and produces vast 
new industries and business opportunities can provide the 
country with millions of good jobs. •

A $300-billion investment  
over 10 years would produce  
3.3 million green-collar jobs.

A Move to Green-Collar Jobs
By Jerome Ringo, Apollo Alliance

Jerome Ringo is 
president of the Apollo 
Alliance, a national 
coalition of leading busi-
ness, environmental, 
labor and social justice 
organizations based  
in San Francisco.
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Tax oil if prices drop? No way!  
Yet if we don’t, we can say  
good-bye to renewable energy

as oil and related energy prices 
soared to record highs over the past two 
years, interest in alternative fuels soared, 
too. Hybrid cars have appeared seeming-
ly overnight, and proposals for solar, 
wind and other renewable technologies 
are being made everywhere.

We need to remember, however, that all 
this action has one cause—high oil pric-
es—and progress could grind to a halt if 
those prices fall again. It might seem ridic-
ulous to worry about such a thing; don’t 
we all want to spend less on oil? And isn’t 
hoping for that just whistling in the dark?

Not necessarily. At present, it is virtu-
ally axiomatic in the popular press that 
growth in demand from the U.S., China, 
India and elsewhere will keep oil prices 
high forevermore. But this common wis-
dom ignores the possibility of recession, 
or even depression, reducing demand 
growth to near zero, just as new drilling 
(mostly overseas) increases supply. Re-
cession is already upon the U.S., and 
China’s economy is slowing rapidly. As 
Wall Street collapsed in October, oil 
prices dropped to around $70 a barrel. 
Saudi Arabia’s stated goal of maintaining 
a price floor of $80 a barrel or higher 
suddenly seemed optimistic.

So what is the problem? In the short 
run, nothing. But sustained development 
of new energy sources always rests on the 
condition of the old ones. Coal did not 
arise as Europe’s main energy source 
until Europeans had cut down virtually 
all their forests for fuel, and the later 
switch to oil did not occur until the scar-
city of coal drove its price high.

In the 1970s Americans responded to 

high oil prices with alternative energy 
projects and more fuel-efficient cars. But 
when prices dropped in the 1980s, we 
threw caution to the wind—along with 
the energy projects. We purchased ever 
larger cars and SUVs and moved to ever 
more distant suburbs. Sure enough, now 
that oil prices have spiked again, we are 
looking at the same alternatives we had 
relegated to niche markets then.

Today renewable technologies such as 
wind and solar are close to being com-
petitive with fossil fuels. But we can say 
good-bye to that prospect if oil prices 
decline to $60 to $70 a barrel, which 
could easily happen in a recession, as we 
witnessed in October. Two years of low-
er prices can turn hybrid cars into a bad 
financial proposition for consumers, and 
green technology start-up companies 
could go bankrupt as demand for their 
goods dries up. Even a temporary de-
crease in petroleum prices would under-

mine the long-term development of the 
alternatives we all know we need.

Happily, there is a solution. If inves-
tors could rely on a certain lower limit to 
oil prices, they would have a fixed goal to 
work toward for making alternatives 
cost-effective. Knowing the goal removes 
a large element of risk for entrepreneurs 
and their financiers, providing a huge 
incentive to continue development.

A lower limit is easy to accomplish: 
the federal government has to impose a 
variable levy on oil to guarantee a floor 
price. Revenues from that tax could help 
fund research into alternative energy and 
offset adverse consequences for lower-
 income people, who would be hardest hit 
by the sustained high expense of oil.

Higher taxes? Unthinkable! That sen-
timent certainly rules in the current po-
litical climate. But one thing is certain: 
the federal government is already run-
ning a deficit on the order of $400 billion 
for this year, and many more billions are 
promised to save Wall Street; that money 
will have to come from somewhere. Why 
not a tax that benefits both the environ-
ment and the economy? •

Steven Kyle is professor of applied economics 
and management at Cornell University, where  

he specializes in energy policy.

Keep Oil Prices High, Please
By Steven Kyle, economist

A price floor reduces 
risk for entrepreneurs 
and their financiers.
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More and more parks will close  
if we don’t tear ourselves away 
from electronic screens

getting yourself and your kids into 
the great outdoors may be the most essen-
tial step you can take to save the planet. 
Children (and adults) are increasingly 
plugged into electronic screens for enter-
tainment. What you may not realize is 
the compounding impact of this trend: 
the less often people get out into parks 
and reserves, the less concerned they are 
about nature’s fate, and the more the 
budgets for these lands are cut because  
of lower attendance.

The iconic American family vacation 
to a national park, after 50 years of ris-
ing popularity, is now in steady decline. 
From 1987 to 2007, per capita visits to 
national parks shrank by 23 percent. 
When I learned of these numbers, alarm 
bells went off in my head. I am a stream 
ecologist but also a mother of three 

young children. What would my genera-
tion’s conservation legacy be for them?

I partnered with Oliver Pergams, a 
fellow parent and conservation geneti-
cist at the University of Illinois at Chica-
go, to find out. Surprisingly, we discov-
ered that 97.5 percent of the decline in 
national park visits could be explained 
by just four factors: the rising price of 
gasoline and the increasing amount of 
time people spend plying the Web, play-
ing video games and watching movies. 
Although correlation is not causation, 
the relationship was strong. We coined 
the term “videophilia” to describe “the 
new human tendency to focus on seden-
tary activities involving electronic me-
dia.” This phenomenon is in contrast to 
“biophilia,” a recognized term that de-

scribes humans’ basic affinity for nature.
To see if we were witnessing a funda-

mental change, Pergams and I then evalu-
ated 16 different surveys of Americans’ 
interactions with nature—from obtaining 
fishing licenses to hiking. We also checked 
national park visits in Spain and Japan. 
The results strongly indicate that people in 
the U.S. and other developed nations are 
spending less and less time in state parks, 
national parks and national forests.

Nature lovers might welcome these 
data, thinking that less invasion means 
less wear and tear. Yet studies suggest 
that being a nature advocate is closely 
related to time spent in nature, particu-
larly as a child. As people experience 
natural places less and feel less vested in 
them, the growing pressures for urban 
development, oil and natural gas drilling, 
coal mining and logging are likely to take 
priority. As popular as the green move-
ment may be, when it comes to voting, 
funding or budget cuts, priorities make 
the difference. Sure enough, state park 
closings are on the rise. As Peter Kareiva, 
director of science at the Nature Conser-
vancy, said about our research: “If people 
never experience nature and have negligi-
ble understanding of the services that 
nature provides, it is unlikely people will 
choose a sustainable future.”

We need environmental stewards now 
more than ever. Yet we are raising a gen-
eration of young people whose primary 
experience with nature is virtual. Real 
nature is a full sensory experience, with 
frequent open-ended problem-solving 
opportunities and no off switch. We 
should all make outdoor play a priority 
for our children and ourselves. Nature: 
use it or lose it. •

Confronting Videophilia
By Patricia Zaradic, ecologist

Patricia Zaradic recently formed the Red 
Rock Institute (www.redrockinstitute.org) with 
Oliver Pergams to investigate people’s changing 
relationship with nature. She is also a research 
scientist with the Nature Conservancy.

Nature is a full sensory 
experience, with no off 
switch. Use it or lose it.
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Our challenge:
Nothing short of reinventing the automobile.

This is how we’re doing it: We are going to build the Chevy Volt, the extended-range 

electric vehicle designed to move over 75% of America’s daily commuters without 

a single drop of gas.* We will offer the widest variety of hybrids, one for every need. 

We have clean diesels on the road today and more cars capable of running  

on E85 ethanol than any other automaker. We are testing the world’s largest 

fleet of hydrogen-powered cars right now.** And we are investing in two  

biofuel companies that will be capable of turning waste into fuel. In short, we’re 

reinventing the automobile. Sure it’s a big challenge. But we’re well on our way. 

*Source Vol. 3, Issue 4, Oct. 2003 Omnistats — U.S. Dept. of Transportation, Bureau of Transportation Statistics. **Not available for sale.  
Chevy Volt target launch: 2010. Vehicle features and performance capabilities subject to change without notice. ©2008 GM Corp. All rights reserved.
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A few simple gadgets for the home would prod 
people into saving energy

the average person is only vaguely aware of whether  
he or she is wasting energy at home. And most people do not 
automatically make sacrifices for the common good.

Both behaviors can change with a few creative social nudg-
es, aided by clever technology, which build on three lessons 
that social scientists say are key to changing what people do. 
First, make the monetary cost of choices visible. Second, enlist 
social norms; if people are doing worse than their neighbors, 
let them know about it. Third, make it easy for individuals to 
take a different path; try to put change on automatic pilot.  
Let’s apply these lessons to energy conservation.

Make costs visible. It is hard for homeowners to gauge their 
energy use in real time. When they turn up the heat, they don’t 
really know how much that energy is costing them. If the ther-
mostat could tell them immediately, they would be more likely 
to change their behavior and conserve.

In one trial, the Southern California Edison utility gave con-
sumers an Ambient Orb, a little tabletop ball that communi-
cates wirelessly with the power grid. The sphere glows red 
when electricity prices are high (during peak demand periods, 
which shift with the weather and time of day) and green when 
prices are lower. After several weeks, homeowners reduced 
their consumption during peak periods by 40 percent.

Enlist social norms. A British company, DIY Kyoto, has 
designed a book-size console called the Wattson that wirelessly 
connects to a home’s energy meter and displays usage in watts 
or British pounds. Blue numbers tell residents they are using 
less electricity than is average for a home like theirs; red num-
bers mean they are being power hogs. The designers know that 
people dislike doing worse than their neighbors, especially 
when money or values are involved.

Consider a 2007 study by P. Wesley Schultz of California 
State University, San Marcos, of hundreds of households in 
that college town. All the residents were informed about how 
much energy they had used in previous weeks. They were also 
told the average consumption in their neighborhood. In the 
following weeks, the above-average residents significantly de-
creased their consumption. Unfortunately, the below-average 
customers allowed their usage to rise. So Schultz had a smiley 
face added to a below-average bill and a frown to an above-

 average bill. This simple nudge prompted excessive users to cut 
even more yet discouraged savers from drifting higher. A num-
ber of companies are now experimenting with energy bills that 
show consumers how they compare with their neighbors.

Make change simple. Some of the best eco-nudges make 
energy-saving steps easy, even automatic. One example in-
volves the plastic keys that guests insert into hotel-room doors. 
In many hotels, especially in Europe, after guests enter their 
room they must place their key in a slot inside the room to be 
able to turn on the lights. When a guest is about to leave and 
removes the key, the lights and air-conditioning go off (the 
clock radio stays on). Hotels are increasingly arranging rooms 
this way because they know their customers have no incentive 
to turn off the lights, yet the hotel must pay the utility bill. The 
up-front cost saves money in the long term. Why don’t we have 
a similar switch in our homes?

Eco-nudges alone cannot save the planet, of course. But  
they can change people’s awareness and behavior, which can  
go a long way. •

Exploiting the Shame Meter
By Cass R. Sunstein and Richard H. Thaler, authors

Cass R. Sunstein (right) and Richard H. Thaler published their book 
Nudge (Yale University Press) earlier this year. Sunstein is a professor at Harvard 
Law School; Thaler teaches behavioral science at the University of Chicago.
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their neighbors in conserving 
electricity, let them know about it.

© 2008 SCIENTIFIC AMERICAN, INC.



SCARED OF SHARKS?
THEY SHOULD BE AFRAID OF US.

fragile



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

Oon an august afternoon in washing- 
ton, D.C., typically miserable for its heat, 
humidity and stillness, reporters gathered 
at a downtown hotel not known for its air-
conditioning. Stuffed inside a windowless 
conference room that was being heated 
still further by the television people’s 
lights, we waited for Michael J. Wallace, 
who had been trying, in fits and starts, to 
unveil nuclear power’s second act.

On arrival, Wallace, a meticulous man-
ager not known for ad-libbing, looked out 
over the sweating reporters and smiled.  
 “It’s days like today that highlight the real 
need for new, emissions-free, baseload 
power,” he said. Unless we get started 

soon, he added, rolling blackouts could 
become the norm.

Wearing a suit and tie and seeming to 
enjoy the heat, Wallace announced that 
his company, UniStar Nuclear Energy, a 
partnership between Constellation Ener-
gy and the European nuclear consortium 
Areva, was looking to build a new kind of 
nuclear power plant in the U.S. and else-
where. “I’m pleased to say I played a role 
in the last round of nuclear power plant 
development, and I’m really pleased to be 
involved,” the chairman said, calling to 
mind a graying astronaut who walked on 
the moon years ago and now wanted to do 
it again. pe
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Compete?
Newly approved reactor designs could reduce global 
warming and fossil-fuel dependence, but utilities are 
grappling with whether better nukes make market sense

By Matthew L. Wald

Can
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That was in 2006. Since then, Wallace has intermittently made 
new announcements about incremental progress toward build-
ing a new reactor about 45 miles south of Washington, which 
could be the first U.S. nuclear plant put on order and built since 
1973. Wallace’s original feat was leading the start-up of two of 
the nation’s last big nuclear plants, completed in 1987 in Illinois. 
Like another moon shot, the launch of new reactors after a 
35-year hiatus in orders is certainly possible, though not a sure 
bet. It would be easier this time, the experts say, because of tech-
nological progress over the intervening decades. But as with a 
project as large as a moon landing, there is another question: 
Would it be worthwhile?

A variety of companies, including Wallace’s, say the answer may 
be yes. Manufacturers have submitted new designs to the Nuclear 
Regulatory Commission’s safety engineers, and that agency has 
already approved some as ready for construction, if they are built 
on a previously approved site. Utilities, reactor manufacturers and 
architecture/engineering firms have formed partnerships to build 
plants, pending final approvals. Swarms of students are enrolling 
in college-level nuclear engineering programs. And rosy  projections 

from industry and government predict a surge in construction.
Modern competitive pressures complicate the matter, howev-

er. For one thing, in much of the country any new construction 
would be by “merchant generators”—independent companies 
rather than large, monolithic utilities. Nuclear power was sim-
pler two decades ago, because utilities built their own plants and 
could usually pass costs through to captive consumers no matter 
how big the overruns. But in states such as Texas, Maryland and 
New York, where the public service commission has separated 
the generation of electricity from power transmission and distri-
bution, there is no longer a cushion for a generation company that 
guesses wrong. Such plants must sell electricity at whatever price 
the market will bear.

That number is hard to predict, because although reactors 
would exploit current technologies and techniques, so will mod-
ern coal and natural gas plants. Gas, especially, has much lower 
up-front costs, a big consideration if credit remains tight. And 
gas plants can be built in small units in only three or four years, 
as compared with six or eight for mammoth reactors.

For nuclear power, the modernization is intended to produce 
dramatic differences: plants that will run more than 90 percent 
of the hours in a year and last for 60 years or longer. The ones in 
service today ran only about 60 percent of the time when they 
were new and were assumed to have only a 40-year life. But util-
ities are already signing long-term contracts for large solar gen-
erators, and wind turbines are being erected at an unprecedented 
rate. Those alternatives operate fewer hours of the year, but with 
no burden of fuel cost or fuel-disposal problems the price of pow-
er they produce could be low enough to squeeze nuclear power 
out of the mix.

Perhaps even more of a question is the shape of the market that 
reactors would serve. Some states have a goal of zero electric 
growth, achieved by replacing lamps, pumps, blowers and every-
thing else that runs on electricity with updated equipment that 
does the same work with less energy. If growth stopped—an am-
bitious prospect—new plants would still be needed to replace old 
ones as they wore out, but far fewer orders would result.

By almost all accounts, cutting demand is a lot cheaper than 
building capacity. Dan W. Reicher, a former assistant secretary 
of energy for conservation and renewables, has complained re-
peatedly that companies will invest in solar plants that produce 
electricity at 20 or 30 cents per kilowatt-hour, while ignoring 
fixes that would save comparable energy at a cost of four cents 
per kilowatt-hour.

Wild cards add even more uncertainty to how much power 
will be needed. Proponents talk about tens of millions of plug-
in hybrid or even electric cars, each of which might use 10 kilo-
watt-hours a day from the grid to cover 30 or 40 miles of travel. 
That would substantially bump up demand, but the success of 
such vehicles is difficult to predict. If millions of the cars did sell, 
they would mostly recharge at night, which would change the 
shape of the “load curve”—instead of households consuming 
peak amounts of power during the day and far less at night, con-
sumption would be at a more constant level across a 24-hour pe-
riod, which favors technologies such as nuclear that are capital-

Electricity Generation (percent)

3,659
2008

49
Coal

19
Nuclear

20
Natural

gas

7.3
Hydro-
electric

3.5
Renewables

1.1
Oil

4,705
2030

SOURCE: U.S. Energy Information Administration  

SOURCE: U.S. Energy Information Administration  
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Driving force: ever rising U.s. 
electricity demand is fueling 
competition among sources.
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intensive but operate around the clock with low marginal costs. 
Consequently, any power company planning a big generating 
station that takes six or eight years to build does so without a 
clear prediction of what demand will be by the time the plant  
is finished.

Potential carbon regulation adds even more guesswork. Gov-
ernments are seriously considering a flat tax on emissions or a 
cap-and-trade system that would create a de facto surcharge for 
emissions. Either way, predicting the price is hard: the initial ex-
perience in European trading was a wildly unstable market. Still, 
economists predict such a system would result in a price that av-
erages in the tens of dollars per ton of emissions. A $10 charge 
per ton would raise the consumer price of electricity by about a 
penny a kilowatt-hour. A new coal plant typically produces that 
much electricity for six or seven cents, so an addition of $20 or 
$30 a ton would create a huge advantage for carbon-free tech-
nologies such as nuclear power.

In fits and starts, a nuclear renaissance might actually be un-
der way. Wallace’s vision is for standardized plants, identical 
right down to “the carpeting and wallpaper,” that could there-
fore be manufactured and approved for less than reactors of the 
past, almost all of which were custom-built. Teams of engineers 

and craft workers would construct the same plant again and 
again in different locations; just like assembling furniture from 
kits, practice would make perfect. The idea that mass produc-
tion—or, at least, serial production—is cheaper than one-of-a-
kind products is nearly universally held in the industry. John 
Krenicki, president and CEO of General Electric’s Energy Infra-
structure division, says site-by-site construction will never create 
a cost-effective solution.

Wallace’s idea seems to be catching on. The first standardized 
plant is planned as a third unit beside Constellation Energy’s two 
existing Calvert Cliffs plants, about 45 miles south of Washing-
ton. In July, AmerenUE, a big Midwestern utility, also filed a li-
cense application for a cookie-cutter unit. More applications are 
waiting in the wings: one in Pennsylvania, one in upstate New 
York, one in Idaho and a twin-unit plant in Amarillo, Tex. All 
would be built by the UniStar joint venture, in partnership with a 
local utility or generating company. UniStar has not listed precise 
costs, but in recent briefings Wallace has pointed to other studies 

If the U.s. doesn’t start building
newly designed reactors

soon, rolling blackouts
could become the norm.

—MIChAEl J. WAllACE (right) 
Chairman, UniStar Nuclear Energy

Applications accepted for review

Applications submitted 

KY

IL IN
OH

PA

ME

DE
NJ

CT
RI

MA
NH

VT

MO
MD

NY

IA

WI MIOR

CA

MN

NV

KS

WV
CO

NE

TX LA

AR

TN

MS
AL GA

FL

SC

NCNNNN

VAA

WA

AZ NM

UT

ID

MT

WY

ND

SD

OK

South
Texas
Project

Bellefonte

Callaway

Victoria
County

Comanche
Peak Grand Gulf

River Bend

Nine
Mile
Point

Vogtle

Calvert Cliffs

North Anna

HarrisWilliam Lee
Nuclear Station

Summer

Levy County

Turkey
Point

Fermi
Serious interest: The Nuclear Regulatory 
Commission has accepted 10 fully completed 
applications from a range of power companies 
to build new reactors (red). Applications are in 
progress for seven other plants (orange).
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of standardized plants that quote “overnight costs” (not counting 
interest for construction) of $4,000 to $6,000 per kilowatt of ca-
pacity. His plants would be in the upper end of that range, he says. 
An up-to-date coal plant costs about $3,000 a kilowatt, but charg-
es levied on carbon dioxide emissions, or extra equipment to cap-
ture the gas instead, could add substantially to that.

The possibility of a series of new reactors is a stunning turn-
around for the industry, which bankrupted some of its custom-
ers in the 1980s because of huge cost overruns and which looked 
so bad in the early 1990s that some completed plants were shut 
down after only a few years of operation. Proponents say that to-
day energy utilities find greater benefit in a technology that puts 
the financial risk up front, in the construction cost, and has little 
vulnerability to later swings in the price of fuel, as natural gas 
does, or to changes in emissions regulations, as coal faces. Con-
sequently, companies around the country are spending tens of 
millions of dollars to explore their nuclear options, conducting 
engineering studies and preparing license applications, even if no 
one has ponied up the billions of dollars that an actual reactor 
would require. “There’s a huge sense of déjà vu for me personal-
ly,” Wallace says.

More Viable Than Clean Coal
To no one’s surprise, cost will loom large in any decision to plan 
on a reactor. The first installation of UniStar’s standardized 
model, known as a European Pressurized Reactor, or EPR, is un-
der way in Olkiluoto, Finland. The project is now behind sched-
ule and over budget, after quality-control problems early in the 
construction period.

Other reasons to be skeptical of nuclear’s price persist as well. 
Estimates submitted by utilities to regulators in Florida predict-
ed $8,000 per kilowatt of capacity when transmission and loan 
interest costs are included. The cost of steel, concrete and labor 
have all risen, and the recent financial crisis may mean higher in-
terest rates for construction loans, although that would affect the 
building of any kind of power plant.

Whether a reactor would be cost-effective depends on how it 
compares with other environmentally sound generation options. 
Coal plants that capture their own carbon emissions are one 
choice, but the leading demonstration plant that was being built 
in the U.S., known as FutureGen, has been scrapped.

FutureGen, originally planned for Mattoon, Ill., was overseen 
by a public-private consortium. The coal would have been cooked 

 Nuclear: expensive to 
build, cheap to operate.

Coal: Least expensive 
power, most polluting. 

Capital cost*
(per kilowatt)

Cost to generate electricity
(per kilowatt-hour)

No greenhouse gas emissions
Domestic fuel supply

Radioactive waste
Uranium mining and transport

1CENT 1CENT 1CENT

 $2,475

 3.3¢ 1CENT

Capital cost*
(per kilowatt)

Cost to generate electricity
(per kilowatt-hour)

Domestic supply

Highest greenhouse gas emissions
Coal mining

1CENT 1CENT 1CENT

 $1,534

 3.0¢

* In 2006 dollars; not including loan interest
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in a low-oxygen environment, creating a fuel gas made of hydro-
gen and carbon monoxide. The hydrogen would be burned for 
electricity and the carbon converted to carbon dioxide and 
pumped underground. The only emission would have been wa-
ter vapor. But as the price of materials rose internationally, the 
plant’s cost went up even more. In early 2008 the U.S. Depart-
ment of Energy pulled out. That move left China with the lead-
ing project, equally uncertain, which it calls GreenGen.

The Energy Department continues low-level work on so-called 
Gen IV nuclear reactors, fourth-generation technologies that use 
altered fuels or produce a more manageable waste stream. Other 
low-carbon coal technologies are being attempted, too. In Pleas-
ant Prairie, Wis., the Electric Power Research Institute and Wis-
consin Electric are testing a process that uses an ammonia-based 
chemical to bind carbon dioxide in a smokestack so it can be se-
questered. But the test deals with only a little more than 1 per-
cent of the plant’s emissions.

“We’re maybe 15 or 20 years behind where we should be for 
burning coal in an environmentally sound manner,” says Mar-
sha H. Smith, president of the National Association of Regula-
tory Utility Commissioners. The bottom line is that although nu-

clear energy has obvious drawbacks such as cost and poisonous-
ly radioactive waste, it is far better demonstrated than coal with 
carbon capture.

More Dependable Than Wind or Solar
At the moment, the fastest-growing source of clean energy is 
wind. The American Wind Energy Association said in Septem-
ber that installations had reached 20,000 megawatts, double the 
capacity of 2006, with growth driven by generous tax incentives 
and state renewable energy quotas. But wind plants run far fewer 
hours of the year than nuclear plants do; 10,000-megawatt wind 
machines produce the energy equivalent of only two or three big 
1,000-megawatt reactors. Because wind is not “dispatchable”—

meaning the generators run only when nature allows, not when 
operators might order them to—the extent to which it can replace 
around-the-clock technologies such as nuclear is unclear.

Solar is more predictable, and with certain forms of energy 
storage may even be dispatchable, providing power during cloudy 
periods or during high-demand hours after sunset. Current solar 
facilities reflect the sun’s rays off of curved mirrors to heat water 
or mineral oil, but experimental systems use materials such as 

 Natural gas: Cheap to 
build, expensive to run.

Wind: Cleanest to operate, 
least dependable. 

Capital cost*
(per kilowatt)

Cost to generate electricity
(per kilowatt-hour)

No emissions
No fuel or water consumed

Intermittent supply
Can be far from customers

1CENT 1CENT 1CENT

 $1,434

 3.4¢ 1CENT

1CENT

Capital cost*
(per kilowatt)

Cost to generate electricity
(per kilowatt-hour)

Least land required
Mostly domestic supply

Greenhouse gas emissions
Drilling

1CENT 1CENT 1CENT

 $717

 4.7¢ 1CENT

SOURCES FOR ALL DATA DISPLAYS: Energy Information Administration, 
Federal Energy Regulatory Commission, International Energy Agency
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molten salt, which could run far hotter and be stored in insulat-
ed tanks for hours or days. Other companies are building mas-
sive arrays of photovoltaic cells that convert sunlight directly into 
electricity.

Generally, however, large solar and wind projects—the kind 
most likely to be cost-effective—are built in deserts or on remote 
mountaintops or plains, far from population centers that need 
the power. So transmission lines must be built to connect supply 
with demand. “You’re talking about immense amounts of trans-
mission,” says John Rowe, chair of Exelon, one of the nation’s 
largest utilities. “It requires a really huge grid. I don’t see us go-
ing that way anytime soon.” Indeed, a recent Energy Department 
study concluded that wind could meet 20 percent of American 
needs by 2030 but would require a new transmission system cost-
ing $60 billion or more. Nuclear reactors can be located far clos-
er to consumers and would require more modest additions to the 
existing grid.

Efficiency Could Forestall Reactors
One of the strongest competitors nuclear power faces is energy 
efficiency. Improvements in efficiency, driven by the need to re-
duce greenhouse gas emissions, could for many years offset in-
creases in demand from a growing population with higher living 
standards, forestalling the need for reactors.

In December 2007 consulting firm McKinsey & Company de-
termined that the U.S. could cut its output of global warming 
gases by more than 11 percent using conservation steps that were 
better than free: they would pay for themselves and earn a profit. 
These “negative cost opportunities” would require little or no 
technology innovation, the report said. And emissions could be 
cut by another 17 percent with efficiency improvements that had 
only a moderate cost.

Amory Lovins, a well-known efficiency expert, has long re-
ferred to such opportunities as being better than a free lunch,  
 “lunch that someone pays you to eat.” But the steps are often not 
taken. One reason is that efficiency is usually number 11 on peo-
ple’s top 10 to-do lists. For example, a high-efficiency air condi-
tioner costs more than a standard model but will earn back the 
difference, in electricity savings, in a season or two. Yet many 
purchasers do not care, especially if they are landlords or build-
ers who will never pay the electric bill.

Other steps might minimize convenience, even those that bor-
der on slothfulness. Lots of home appliances, for example, con-
tinue to draw power when the switch is “off” so that they are al-
ways warmed up and can come back to life instantly. Experts 

sometimes call this constant draw a “vampire load.” Around the 
house, all those vampires add up, but hardly anybody knows or 
cares. As Richard D. Duke, an energy expert at the Natural Re-
sources Defense Council, quips, “What consumer, when buying 
a TiVo, is going to demand that the manufacturer make the 
standby power consumption a criteria? Nobody.”

Build before Memory Runs Out
Although individual consumer actions can help, major changes 
in carbon output will likely require better electricity-generation 
technologies, retiring much of the coal-fired capacity and replac-
ing it with the most cost-effective combination of modern reac-
tors, renewables and even clean coal. Around the country, play-
ers in the electricity business—regulated utilities, independent 
merchant generators, and municipal suppliers—are placing bets 
on which options will be the winners.

The competition is a bit like a high school track meet, howev-
er, in which competitors’ starting lines are staggered around the 
track. Nuclear has the longest path, because it takes more time 
to obtain site and building permits and to clear safety reviews. 
Yet anybody even thinking of a new reactor must pony up the en-
try fee—the cost of submitting an application and conducting 
preliminary studies. Given the uncertainties in future demand, 
carbon regulation and the price of fossil fuels, exploring the nu-

standardized plants, identical
down to the wallpaper, could be
manufactured and approved for
less than reactors of the past.

—MIChAEl J. WAllACE

aLTerNaTIves

What about solar? Too soon to tell.
Solar power has captured the imagination but little U.S. market share. 
Utility-scale installations are still too new to create meaningful, na-
tionwide data about average capital expenses or the cost to generate 
electricity, so comparisons to nuclear are difficult.

Photovoltaic cells, which convert sunlight into electricity, are espe-
cially convenient in congested areas, because no new distribution lines 
are needed. But they do not work in the dark. Solar-thermal plants fo-
cus sunlight onto pipes to heat fluids into hot gases that turn a turbine. 
With some advances, that heat could be stored and tapped after dark 
or during cloudy periods. Inexpensive, large-scale storage technologies 
will be needed for either solar option to provide baseload generation—

power that is supplied 24 hours a day—which nuclear reactors churn 
out so efficiently.
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clear option makes business sense. Whether to actually build is 
another question.

One key factor is the price of loans. If a plant runs $5 billion 
in “overnight” costs and the money is spent over five years, in-
terest on capital during the period of construction—the utility’s 
version of a home builder’s construction loan—could add hun-
dreds of millions or even billions of dollars. To help, the federal 
government offered the nuclear industry loan guarantees worth 
$18.5 billion. It quickly received applications for more than $100 
billion in funding.

Another factor is just how long that construction period will 
be. American builders could base their estimates on reactors built 
recently in Asia, but no one really knows how a project in Texas 
or Florida might compare with one in Japan or South Korea. If 
two or three reactors, such as Wallace’s, could get built in the 
U.S., the issues would become much clearer. Legislation that pro-
vides a predictable price for carbon emissions for the next few 
decades would also bring clarity.

The country needs a better way to manage nuclear waste as 
well. The federal government signed contracts with the electric 
utilities in the early 1980s that promised to take spent nuclear 
fuel off their hands beginning in 1998. But today, 10 years be-
yond that deadline, the Energy Department has only applied for 
a license to build one controversial waste repository, at Yucca 
Mountain in Nevada. Estimates of the opening date range from 
2017 to never. An interim plan, such as long-term storage in 
aboveground casks in a few areas that are dry and sparsely pop-
ulated, might be within reach. Many plants around the country 
have maxed out temporary storage in their spent-fuel pools, forc-
ing them to put waste into huge, dry casks. Filled with inert gas 
to prevent rust, the casks are moved out to concrete pads sur-

rounded by barbed wire, which look a little like basketball courts 
at maximum security prisons.

Still, advocates say the reactors are inevitable. At Areva, the 
company that Wallace’s firm has partnered with, the chief ex-
ecutive, Anne Lauvergeon, scoffs at the idea that there is any 
other choice. Could coal plants sequester their carbon? “It’s not 
ready at all,” she says. “You don’t know anything about the cost, 
and the technology doesn’t exist.” In the meantime, world de-
mand is galloping ahead. Her company will build in China, she 
points out, and would like to build the first reactors in the Per-
sian Gulf. 

In the U.S., many power industry experts doubt that more 
than a few reactors will be built, at least until company execu-
tives see how the first ones go. But potential reactor builders 
sense that the world has changed enough to consider going back 
into business, with designs that are optimized and standardized 
versions of what they built more than 20 years ago. And people 
like Michael Wallace want to get going while those companies’ 
engineers still remember how. •

Matthew L. Wald is a reporter at the New York Times, where he 
has written about nuclear power and other energy technologies 
since the 1980s.

Challenges: Even if nuclear power makes 
economic sense, utilities will still have to 
overcome long-standing issues: moving  
radioactive waste that piles up on their 
grounds (below) to a permanent site and 
public protests (left) against the siting of 
new reactors in anyone’s backyard.
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Parad   x

CCHONGQING—this year china surpassed the u.s. as the world’s largest  
emitter of greenhouse gases. And coal is largely to blame. The dirty black rock is burned 
everywhere, from industrial boilers to home stoves, and generates 75 percent of the nation’s 
electricity. More than 4,000 miners die every year digging the fossil fuel out of China’s 
heartland. One consequence of the country’s reliance on coal is most visible in the air. 
Smog cloaks cities, reducing the sky to little more than a blue patch amid a blanket of haze. 
As the pollution builds, it forms a brown cloud, visible from space, that in a week’s time 
crosses the Pacific Ocean to the western U.S., where it accounts for as much as 15 percent 
of the air pollution.

The haze means no true horizon can be seen when one is walking the streets of Chong
qing, an inland port city on the Yangtze River that produces most of China’s motorcycles 
as well as other industrial goods. It seems the entire Rust Belt of the U.S. has been crammed 
into this “furnace of China,” as it is known—a single community of more than 30 million 
people, twice the size of the New York City metropolitan region.

Chongqing’s men, women and children breathe air filled with lungclogging soot and 
smoke. Nationally, health care associated with respiratory ills costs China an estimated 
$100 billion a year, according to the World Bank. Furthermore, the foul air can literally 
stunt the growth of the next generation, according to recent research from Frederica P. 
Perera of Columbia University and her Chinese colleagues. CH
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China’s Energy

China is aggressively building cleaner cities and renewable 
power supplies, but the relentless expansion of dirty coal 
may suffocate those efforts. A firsthand look

By David Biello
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Coal miner 
in Chongqing
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The Chinese have been 
burning coal for centuries. 
They now consume 2.5 bil
lion tons a year—more 
than double that of the 
U.S.—and imports are ris
ing despite extensive domes
tic mining. In 2007 the coun
try’s 541 coalfired power 
plants pumped out 554,420 mega
watts of electricity, according to the Chi
nese State Electricity Regulatory Commis
sion—roughly equivalent to the output of 
550 large nuclear reactors. On average, 
China opens one coalfired plant every 
week to serve its 1.3 billion people and the 
massive industries that manufacture cheap 
goods, largely for the U.S. and Europe.

Notwithstanding its deeply polluted 
state, China is also working feverishly to 
clean up. It plans to reduce pollutants by as 
much as 10 percent over the next five years. 
Part of the effort involves creating carbon
neutral cities and expanding renewable en
ergy sources, as described in the stories 
that follow. Much of the strategy, however, 
is simply to shutter small, inefficient coal 
plants and replace them with larger ones 
that are more efficient. “To close small 
plants, it will be very effective to improve 
air quality,” Sarah Liang, a spokesperson 

in Greenpeace’s Beijing office, 
tells me. But that still leaves 
a load of pollution.

Greener Generation
Despite the surfeit of soot, 

the average Chinese citi
zen accounts for a mere frac

tion of the greenhouse emis
sions of the average American. 

Sheer population overcomes the small  
per capita number, however, and the 
country is not bound by any international 
treaty to reduce its pollution. Neverthe
less, the government has at least started 
to tackle the problem by launching a pilot 
project to capture and store the carbon di
oxide (CO2) produced from burning coal 
at a demonstration power plant dubbed 
GreenGen.

The project, in the Yellow Sea port city 
of Tianjin northeast of here, will proceed 
in three phases. First, a consortium of 
power and coal companies will construct 
a socalled integrated gasification com
bined cycle power plant. In this design, 
coal is converted into a gas, and pollutants 
are removed before the gas is burned. Such 
technology could cut acid rain–causing 
sulfur dioxide emissions by more than 90 
percent and smogforming nitrous oxides 
by 75 percent—as well as capturing more 
than 80 percent of the CO2 emitted by 
2015 and storing it in nearby depleted oil 
fields.

The $1billion GreenGen plant became 
the world’s leading clean coal project in 
January after the U.S. government pulled 
the plug on FutureGen, a similar demon
stration plant in Mattoon, Ill., that lost 
steam as construction costs skyrocketed. 
The cancellation came despite the fact that 
the United Nations Intergovernmental 
Panel on Climate Change and leaders of 
the world’s eight richest nations (the G8), 
including President George W. Bush, had 
called the development of clean coal tech
nology essential to preventing the conse
quences of climate change.

Completing GreenGen, which will gen
erate up to 250 megawatts of electricity, 

Bad air: China’s pollution cuts lives short,  
aggravates residents and can even stunt the 
growth of children.

1,800
China 

750,000

1,580
U.S.

Million metric tons of
CO2 emitted in 2007

SOURCE: Global Carbon Project

SOURCE: World Bank

... premature deaths 
in China in 2006

Air pollution caused ... 
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may prove daunting, however. “There’s 
no cobenefit to doing the carbon capture 
and storage,” says energy technology ex
pert Kelly Sims Gallagher of Harvard Uni
versity’s Kennedy School of Government.  
 “There’s an argument for doing GreenGen 
in terms of research and getting experi
ence with it, but from a commercial point 
of view it doesn’t make sense.” The rea
son: extra energy is consumed to turn the 
coal into gas and subsequently to then 
capture the CO2—in effect requiring the 
burning of more coal to generate the same 
amount of electricity.

GreenGen is a forprofit power plant, 
so economic gains or losses will determine 
whether its owners ever proceed with the 
captureandstorage step. One argument 
in its favor would be to pump the extract
ed CO2 into underperforming oil wells to 

recover more of the oil. In an environment 
where oil is more expensive than ever, that 
approach could be “economically viable 
and valuable for nations that are rich in 
coal,” says Vic Svec, a senior vice presi
dent at U.S. coal giant Peabody, which is 
part owner of GreenGen.

Better Enforcement Needed
Residents of Chongqing got a glimpse of 
cleaner skies in the years leading up to the 
recent Olympics, as factories were shifted 
to the outskirts of towns and small, inef
ficient coal power plants were closed to 
clear the air for visiting media and tour
ists. “When I was young, the sky was green, 
and we [could not] see stars at night,” says 
local government official David Lee, a life
long Chongqing resident. “This year we 
see blue skies and stars. We think it’s much 
better.”

The air can still be tasted on the tongue, 
however, and felt in the lungs. And it still 
obscured the horizon for this observer. 
Among the culprits are companies that 
flout clean air laws—as well as lackluster 
efforts to enforce those laws. Factories 

and power plants turn on the pollution 
control equipment when government offi
cials visit, but when they leave the controls 
are shut off to boost power production.  
 “The government cannot check every day,” 
Lee says. But regulators “need to enforce 
the environmental laws if they want blue 
skies,” insists Li Junfeng, secretary gener
al of the Chinese Renewable Energy In
dustries Association.

Other cities, such as Zhengzhou in Chi
na’s most populous province of Henan, 
have little hope of clear skies any time 
soon. The atmosphere in the provincial 
capital is thick with pollution because the 
movement of factories and power plants 
away from signature cities such as Beijing 
has put them closer to less wellknown 
metropolises.

Despite a ban on coal burning and $17 
billion spent on clean air measures in the 
past decade, smog is still an issue in Bei
jing, in part because cars have proliferated 
in recent years. “It is bitter air that you 
can feel,” says resident Timothy Hui, a 
program manager in the Beijing office of 
the Natural Resources Defense Council, a 
U.S.based environmental group. “People 
hate it. They complain.”

Some analysts place part of the blame 
on Western countries. A full 23 percent of 
China’s greenhouse gas emissions can be 
linked to the production of goods export
ed to the West, according to the Tyndall 
Center for Climate Change Research in 
England. Researchers at Carnegie Mellon 
University put the share even higher: at  
33 percent.

That demand doesn’t absolve China 
from cutting back on noxious emissions or 
taking more responsibility for the fate of 
the world’s climate, which in no small part 
will be forged in the crucible of its indus
trial cities. “Gradual warming of the 
earth’s atmosphere is caused by the devel
oping countries as well as the developed 
countries,” says Wang Xiansheng, profes
sor of English at Zhengzhou University.  
 “The whole world should get united to 
deal with the problem.”

It is bitter air that you 
can feel. People hate 
it. They complain. 

—TIMoThy huI
Natural Resources Defense Council

Heavy skies: The horizon is lost in 
industrial cities such as Chongqing, 
obscured by emissions from burning  
fossil fuels.
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RIzhao

Crafting a Carbon-
Neutral City 
homes and industry 
are being converted
RIZHAO—This coastal resort city, which 
faces east toward Japan and Korea across 
the Yellow Sea, takes its name from an 
ancient poem, ri qu shien zhao, or “first to 
get sunshine.” More than 2.8 million res
idents enjoy that early light, along with 
gentle sea breezes. Thus, it seems appro
priate that Rizhao is among the first cities 
in the world to pledge to become carbon
neutral: to balance the amount of green
house gases emitted with the amount of 
greenhouse gases eliminated. In Rizhao’s 
case, the challenge will be met by harness
ing that sunshine.

“I don’t know when we will succeed,” 
says Fan Changwei, a tall, thin, middle
aged lawyer with the city’s Environmental 
Protection Bureau, “but we will move in 
that way.” Only three other cities around 
the world—Arendal in Norway, Vancou

ver in Canada and Växjö in 
Sweden—are attempting the 
feat, according to the Unit
ed Nations Environment 
Program (UNEP).

All four municipalities 
are being driven not just by 
the need to mitigate climate 
change but by “the abundant 
economic opportunities emerging 
for those willing to embrace a transition to 
a green economy,” according to UNEP ex
ecutive director Achim Steiner, speaking in 
February at the launch of the Climate Neu
tral Network, an effort to connect cities, 
countries and companies working to 
achieve this ambitious goal.

Economics is certainly motivating Ri
zhao, which is scrapping many of the 
long, low buildings that make up most of 
its homes and businesses and replacing 
them with highrises. Nearly all the new 
skyscrapers take advantage of Rizhao’s 
yearly average of 260 days of sunshine by 
heating domestic hot water on their roof
tops; 30 percent of new buildings going 
up in surrounding suburbs and villages 
also exploit the technology. The water is 

heated by dark arrays of tub
ing on the roofs or by grill
like units installed under
neath the ubiquitous en
closed terraces of most 
apartments.

Popularizing solar hot 
water was the first step in 

greening Rizhao, says Wang 
Shugang, chief of the city’s envi

ronmental bureau. The effort got under 
way in 2004, when the Beijing Shang Shui 
Hotel installed a rooftop system made by 
Tsinghua University. Today newer solar 
hotwater systems cost about $190, which 
is around the same price as electric heat
ers—but they save significantly on elec
tricity. “To save money is very impor
tant,” Fan notes.

The second key step, according to 
Wang, was to shut down many smallsize 
businesses that were primary consumers 
of coal, including paper, cement and steel

Renewable energy: Despite haze, sunlight 
heats a growing number of rooftop water 
tanks on Rizhao’s apartment complexes (left). 
Biodigesters outside residences turn human 
and animal waste into biogas fuel (above).

Rizhao
C H I N A
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Wind accelerating, 
Solar electric Slow 
goals are ambitious 
but hard to meet
BEIJING—Winds rush through the capi
tal city of China, in springtime blowing 
dust storms that envelop it in grit from the 
encroaching Gobi Desert. Last year the 
city government finally took advantage of 
those winds, installing 33 wind turbines 
in western suburbs, offsetting the need to 

expand dirty coalfired power 
plants. The turbines, manu
factured by Xinjiang Gold 
Wind, began turning in 
earnest in January, supply
ing 300,000 kilowatt
hours of electricity a day, 
enough to provide 20 percent 
of the power to the city’s Olym
pic venues, part of the nation’s 
pledge for a green Olympics.

China’s commitment to renewable en
ergy is certainly real. The current nation
al fiveyear plan calls for wind, solar, bio
gas and water power to account for 10 

percent of the country’s ener
gy consumption by 2010 
(up from 7.5 percent in 
2005) and 15 percent by 
2020. Reducing depen
dence on polluting coal is 
only one motivation. The 

plan also states that “devel
oping and utilizing renew

ables shall be an important part 
of building a new socialist countryside.” 
Fifty entire counties in the provinces of  
Jiangsu, Shandong, Guangdong, Guangxi, 
Sichuan and Inner Mongolia that derive 
50 percent of household energy from re

making factories. Food, furniture and 
other factories have been shifted to indus
trial parks on the rim of the city. The lo
cal coalfired power plant also installed a 
scrubber made by Siemens that extracts 
dust and sulfur dioxide from the facility’s 
smokestack.

But it is the local Luxin Jinhe Biochem
ical Company that truly illustrates the 
concept of a “circular economy” based on 
renewable energy and sustainable process

es. Luxin Jinhe makes citric acid, a key in
gredient in beverages such as CocaCola 
and Pepsi, as well as other prepared foods 
and various medicines. In the company’s 
huge vats, microbes chew up the sugar in 
cassava, corn and sweet potato, turning it 
into the weak acid. Byproducts are sepa
rated, with liquid wastes flowing to biodi
gesters, where microbes break them down 
into methane. This “marsh gas” is then 
burned to produce electricity and to dry 

the remaining solids. The dried wastes are 
converted into bricks of meal for domestic 
animals and into fertilizer sold to farmers 
in the community.

The citric acid plant is just one of 10 
similar enterprises fueled by marsh gas. 
“To develop a circular economy is a good 
way for carbonneutral and also for energy 
conserving and energy efficiency,” Fan 
says. The city also hopes to compress such 
methane into a liquid fuel and even pipe it 
to homes for cooking. Smallscale biodi
gesters are being used in villages through
out the region, even in individual homes, 
thereby improving indoor air quality.

As a result of these efforts, Rizhao has 
seen economic output rise while energy 
use has fallen by nearly a third, unlike the 
rest of China. The city’s gross domestic 
product doubled between 2000 and 2005. 
Carbon dioxide emissions have been cut 
in half. Rizhao’s former mayor, Li Zhao
qian, has been promoted to vice governor 
of Shandong Province, partly in the hope 
that he will be able to replicate the city’s 
success on a larger scale. After all, Rizhao 
has both enhanced its economy and im
proved the environment, a recipe the rest 
of China—and the world—has struggled 
to match.

Meal ticket: Microbes turn industrial 
waste at this citric acid plant into meth-
ane for on-site power generation as well 
as animal meal for sale (in bags at left).

C H I N A

Beijing
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newable sources are to be built by 2010.
“China is already one of the top re

newa ble energy producers in the world,” 
says climate and energy campaigner Liu 
 Shuang, who works in the Beijing offices 
of Greenpeace. The National Develop
ment and Reform Commission—the min
istry charged with economic develop
ment—recently doubled its target for in
stalled wind power to 10 gigawatts by 
2010, after meeting the previous goal of 
five gigawatts three years early, largely in 
Inner Mongolia and Xinjiang.

The country now has 158 wind farms, 
according to the Chinese Wind Energy As
sociation (CWEA). Major companies such 
as electricity giant Huaneng Group and 
statedirected China National Offshore 
Oil Corporation are planning more, ac
cording to engineer He Dexin, president 
of CWEA.

Greenpeace’s Liang adds that “all the 
good wind farm locations are now owned 
by the biggest energy companies.” Other 
prospectors are looking offshore. “China 
has the largest wind resources in the 
world, and three quarters of them are off
shore,” notes Barbara Finamore, director 
of the Natural Resources Defense Coun
cil’s office here. Putting turbines in deep 

water could prove treacherous, however: 
typhoons wrecked poorly designed wind 
farms in the country’s southern region in 
recent years. And some builders are devel
oping wind farms too fast, says CWEA’s 
Cai Fengbo. “The quality of wind genera
tion suffered.”

Even though wind is expanding, the 
country is so powerhungry that turbines 
can meet only 0.6 percent of demand. The 
most optimistic projections have wind ac
counting for less than 3 percent of total 
electricity production by 2020—more 
than the current U.S. share of 0.4 percent 

but far less than Denmark, at roughly 20 
percent. Regardless, China remains 
among the world leaders in building wind 
turbines, as well as their components. 
Even when foreign companies such as 
General Electric or Suzlon erect turbines, 
as much as 70 percent of the components 
are made in China.

China is also the numberone producer 
of solar photovoltaic panels. More than 
200 manufacturers made 1,700 mega
watts of the panels in 2007, according to 
the Chinese Renewable Energy Industries 
Association—nearly half of the world’s to
tal production. Almost none of that re
mained inside the country, however. 
About “99 percent goes outside,” says the 
association’s Li Junfeng. “The local mar
ket is very limited because [photovoltaics] 
are too expensive.”

Around 80 megawatts of photovoltaics 
have been installed, cropping up on light 
poles and on the roofs of office buildings 
that house solar technology companies, 
such as the Beijing Solar Energy Research 
Institute’s headquarters. Still, says Green
peace’s Liu, “It’s a waste of all the produc
tion in China. It doesn’t make sense.”

Strong wind: China boasts six gigawatts of 
electric generating capacity from wind turbines 

such as these in the Gobi Desert just west of  
Beijing; 10 gigawatts are expected by 2010.

Powerhouse:  Although China now makes 
many of the world’s photovoltaic cells, the coun-
try installs very few for itself because of high 
cost. Left: Researchers at Suntech Power.
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Water Power  
May Be Damned 
environmental 
complications could 
undermine hydro
YICHANG—According to legend, one of 
China’s ancient emperors—Da Yu, or Yu 
the Great—changed the course of history 
by placing a mountain in front of the 
Yangtze River, forcing it to flow east 
through the Middle Kingdom instead of 
south as the other great rivers of the region 
do. Not to be outdone, the modern Chi
nese government undertook a massive 
project just north of here to control the 
flow of this ancient waterway, erecting 
Three Gorges, the world’s largest dam.

That megaproject, completed in 2006 
for $30 billion, provides 22,500 mega
watts of power—more than 20 large coal
fired power plants—without emitting the 
greenhouse gases and other pollutants 

those plants would produce. The 
dam has also raised the water 
level in the upper reaches of 
the river by as much as 66 
feet (20 meters), vastly im
proving commercial ship
ping. And it protects large 
communities downstream 
from terrible floods, such as 
the one in 1998 that forced 14 mil
lion people out of their homes. One of the 
main reasons to build the dam was “to 
store water in the upper river so as to pro
tect eastern parts of the country,” says Lai 
Hun Suen, a professor of sustainable de
velopment at Chongqing University and a 
municipal government official.

Even with considerable efforts taken to 
develop wind power and solar hotwater 
heating, hydroelectric dams remain the 
cleanest, cheapest form of alternative en
ergy in China. The country is blessed with 
abundant resources: 400 million kilo
watts of potential, of which only a quarter 
have been developed. “Within 30 to 50 
years, hydro will be the main energy we 

should rely on,” Lai predicts.
Hydro accounted for 16 

percent of total electricity 
generation in 2005, thanks 
to the completion of the Da 
Chao Shan, Gong Bo Xia 
and Three Gorges dams. 

But the massive projects also 
imposed great human and envi

ronmental costs, creating signifi
cant controversy. Three Gorges forced 
more than four million residents of villag
es, towns and cities in the path of the rising 
waters to relocate, most of them to bus
tling Chongqing. Numerous historic cul
tural sites and monumental natural fea
tures were also permanently flooded. 
Changing water levels now at times un
leash a miasma of disease from exposed 
sewage. The unique baiji freshwater dol
phin, native only to the Yangtze, has also 
been rendered extinct.

Environmental challenges could under
mine the world’s largest dam as well. Silt 
could gum up Three Gorges, and climate 
change could drain the water supply, as the 
glaciers atop the Tibetan Plateau that feed 
the Yangtze dwindle. Efforts to emulate Da 
Yu—smaller dams that siphon off water 
have proliferated in the upper reaches of 
the river—could also undo the mightiest of 
manmade waterworks. “We have taken 
big floods into consideration,” Lai says. 
“What we did not expect is less water.” •

David Biello is an associate editor 
 reporting on the environment for  
ScientificAmerican.com.

Gained and lost: The massive Three Gorges Dam on the yangtze River holds back 10 trillion gal-
lons of water to generate electricity and enhance shipping. But it also left 1.4 million people home-
less and fundamentally altered an entire ecosystem, which supported the now extinct baiji dolphin.
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the Need 
to lead in 

An Interview 
with Thomas L. Friedman 
By Steve Mirsky

do the environmental and energy crises driving so  
many of today’s headlines actually represent a unique opportunity 
for revitalizing the global economy? That is the argument that 
Pulitzer Prize–winning journalist Thomas L. Friedman advances 
in his latest book, Hot, Flat, and Crowded: Why We Need a Green 
Revolution—and How It Can Renew America (Farrar, Straus & 
Giroux, 2008). Steve Mirsky, a staff editor and writer for Scientif-
ic American and host of its Science Talk podcast, spoke with Fried-
man about his book in August; what follows is adapted from that 
conversation, which can be heard in full at www.SciAm.com

 —The Editors

MIRSKY: Why do you call the book “Hot, Flat, and Crowded”?
FRIEDMAN: What we’re seeing in the world today is the conver-
gence of three big, seismic events. The first is obviously global 
warming. Second is what I call global flattening, which is my 
shorthand for the rise of middle classes all across the world in big-
ger numbers than ever before, from China to Brazil to India to 
Russia. Those middle classes increasingly have the energy 
and consumption patterns, demands and aspirations of 
Americans. Third is global population growth. When I 
was born in 1953, there were about 2.68 billion people 
on the planet; if I live to be 100, according to the U.N. 
there will be more than nine billion. The population 
will have more than tripled in my lifetime.

These three huge events—global warming, glob-
al flattening and global crowding—are like three 
flames that have converged to create a really big 
fire. And that fire is boiling a set of five problems 
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that are going to shape the 21st century and 
a new era of history that I call the Energy-
Climate Era.

Those five problems are: climate 
change; petro-dictatorship (the rise of 
Russia, Iran, Saudi Arabia and Venezue-
la); constraints on energy and natural re-
source supply and demand (we see that 
from food to fuel today); biodiversity loss 
(the fact that we are right now in the mid-
dle of the sixth great extinction in Earth’s 
history); and finally something I call ener-
gy poverty—the 1.6 billion people on the 
planet who still have no on-off switch in 
their life because they have no direct grid 
electricity. How we manage these five 
problems will determine the stability or 
instability of the 21st century.

In a world that is hot, flat and crowded, 
clean power and clean technology are go-
ing to be a currency of geopolitical and 
military power, every bit as much as tanks, 
planes and nuclear missiles have been. In 
a world that’s hot, flat and crowded, clean 
tech has to be the next great global indus-
try. Therefore, the country that takes the 
lead in clean power and clean tech is going 
to be by definition an economic and stra-
tegic leader in the 21st century. That’s why 
there’s absolutely no contradiction—not 
only between going green and being patri-
otic but also between being geopolitical 
and geostrategic. They go together.

You’re emphatic that the U.S. needs to de-
velop a new set of systems to tackle those 
problems successfully.
If you don’t do things systematically, you 
end up supporting corn ethanol in Iowa 
and thinking you solved the problem, 
when all you have really done is drive up 
food prices and encourage more people to 
plant palm oil in the Amazon.

Right now we have a system: it’s the 
dirty fuel system, and it works really well. 
Within a mile of your house you can prob-
ably find a gas station to fill your car with 
dirty fuel. So this system works really well 
for getting that dirty fuel from the oil well, 

to the tanker, to the refinery, to your 
neighborhood and into your car. That sys-
tem allows ordinary people to do pretty 
extraordinary things: to get personal mo-
bility at what for many years was a very 
cheap price. Of course, we now know that 
in doing so we are also despoiling the en-
vironment, strengthening petro-dictator-
ship, driving biodiversity loss, and so on.

So we have to replace that system with 
a clean fuel system—because only a sys-
tem allows ordinary people to do extraor-
dinary things. If we don’t enable ordinary 
people to do extraordinary things by way 
of energy efficiency, clean power and con-
servation, you’ll never achieve the scale of 
change we need. One of the things you 

most often hear people say is, “We need a 
clean energy Manhattan Project.” I am 
against that approach, because I don’t 
think 12 scientists in Los Alamos are go-
ing to solve this problem or give us what 
we need. What we don’t have in energy to-
day is a real market that would encourage 
100,000 Manhattan Projects in 100,000 
garages with 100,000 ideas, out of which 
100 will be really promising, 10 will be 
workable and two will be the next green 
Google.

How do you get that kind of market? 
You’ve got to shape it in two ways. One is 
with the right price signal. We need to 
have a tax on carbon that is long-term, 
fixed and durable. So those 100,000 in-

Thomas L. Friedman: This journalist’s previ-
ous best-selling books, including The Lexus and 

the Olive Tree and The World Is Flat, have also ex-
plored the intersection of foreign affairs, eco-

nomics, technology and the environment.
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ventors know if they do come up with that 
breakthrough, and if OPEC lowers the 
price of oil, it won’t knock them out of the 
game. And second, we need to rewrite the 
rules around our utilities so that they are 
incentivized not to act like $5-all-you-
can-eat electron buffets, where they get 
richer when you consume more electrons. 
Instead we should turn them into partners 
for energy efficiency, so they’re paid not 
for kilowatts sold, but for watts saved.

Is it a good idea to meddle so extensively 
with the free market for energy?
[Laughing.] Oh, yeah, a totally free mar-
ket dominated globally by the world’s big-
gest cartel, dominated domestically by 
fossil-fuel companies who have written all 
the rules in Congress—pages’ worth of de-
pletion allowances and tax shenanigans 
that these guys have written in to give 
themselves advantages. We wouldn’t want 
to upset that free market, would we? 
There is no such thing as a free market, no 
more than there is a farm or a garden that 
grows without fertilizer, without proper 
plowing, without intelligence brought into 
it. Markets are shaped by rules, incentives 
and disincentives, and right now our mar-
ket is shaped by the dirty fuel system.

Because politicians won’t act. In effect 
they’ve said, “We’re just going to let the 
market do it.” Well, that market brought us 
$140-a-barrel oil, and it brought us $4.50 
gasoline. If you like letting the market do 
this, that’s what you’re going to get.

Now, you could say, “Isn’t the market 
stimulating the development of alterna-
tives?” Yes, to some degree. But when you 
let the market run all this policy, the big-
gest profits go to the petro-dictators. 
When the market sends the price up to 
$140 a barrel and you don’t have a tax on 
it to capture some of that yourself, nearly 
all of it goes to strengthening our enemies 
and weakening our balance of payments 
and our currency. What doesn’t go abroad 

goes here to legacy industries: coal, oil 
and gas companies that don’t have a huge 
incentive for moving to a new system.

Furthermore, if the market is in charge, 
it can send the price up, but it can also 
send the price down. If I’m someone who 
might have an incentive to move to a new 
system, do I really want to bet the farm on 
renewable energy? Maybe the oil price 
will go to $70 a barrel tomorrow, and my 
wind and solar company will be out of 
business. What Jeff Immelt [CEO of Gen-
eral Electric] says to me in my book is,  
 “Tom, I am not going to make a 40-year 
multibillion-dollar bet on a 15-minute 
price signal.” And who would?

But how can politicians be induced to stand 
up for the unpopular move of imposing a 
carbon tax?
Let’s imagine you are in a campaign, and 
your opponent says, “There goes my op-
ponent Mr. Friedman—another tax-and-
spend liberal. He’s never met a tax he 
didn’t like. Now he’s for an energy tax, 
now he wants to tax your gasoline more.” 
What I would say is, “Let’s get one thing 

straight. My opponent and I are both for 
a tax. He doesn’t mind that his taxes go to 
the Saudi, Russian or Venezuelan treasur-
ies. I just prefer that my taxes go to the U.S. 
Treasury. But let’s not fool ourselves that 
we’re not paying a tax here.” Now, if you 
can’t win that debate, you don’t belong in 
politics.

What about resistance from people who 
aren’t even convinced that problems such 
as global warming are real?
Suppose those who believe in climate 
change are wrong, but we do everything 
we can in our power to prepare our econ-
omy for a world of climate change anyway. 
We shift to a clean energy system. We adapt 
how we use energy. We become hyper-
efficient. What’s the worst that will hap-
pen? In a world that’s just flat and crowd-
ed, we will still be leaders in the next great 
global industry because we are going to 
have to make those same changes to adapt 
to flat-meets-crowded.

The overarching message of my book is: 
the world has a problem, and America has 
a problem. The world’s problem is that it’s 
getting hot, flat and crowded, which is 
driving these five trends. America also has 
a problem, though, and it’s that we’ve lost 
our groove. We’ve lost our edge and our 
focus as a country. Lurking down the road 
is the next great global industry. It’s called 
clean power, clean energy, clean tech—it 
has to be the next great global industry. 

If we take the lead in that industry, if 
we take the lead in solving the world’s 
problem, we will solve our own problem, 
too. We will be generating precisely the 
kind of innovation and breakthroughs to 
help the world with the most fundamental 
challenges it faces today. And in so doing, 
we will make ourselves more respected, 
strong, secure, entrepreneurial, rich and 
competitive.

When you go down that road of clean 
tech, you not only have cleaner air. You 
have a new industry that can’t be out-
sourced so easily. You become more eco-
nomically stable, because you’re not ship-
ping all those dollars abroad. You become 
more secure because your source of fuel 
isn’t dependent on the whims of some  
petro-dictator. So, it’s not just win-win. 
It’s win-win-win-win-win. •

In a world that is hot, flat and crowded, 
clean power and clean technology are 
going to be a currency of geopolitical and 
military power, every bit as much as tanks, 
planes and nuclear missiles have been.
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Chicago
Green

Mayor Richard Daley has unveiled 
an aggressive plan to transform the 
old, gritty city. If he can pull it off, 
other cities might follow

By Josh Boak

goes

•
 urban planninG
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Yyou might assume that chicago dislikes environmental- 
ists, judging by the response they get along Michigan Avenue. 
They loiter on its crowded sidewalks, trying to stop people with 
the brightness of their T-shirts, the authority of their clipboards 
and the innocence of their question: “Do you have a minute to 
save the earth?”

Almost no passerby has that minute, let alone $20 to donate 
to the cause. What most people have is a scowl, a dismissive wave 
of the hand and the accelerating stride of a running back. In a 
city synonymous with Al Capone, do-gooder appeals are about 
as practical as a citizen’s arrest. But although 2.8 million resi-
dents of Chicago may scoff at the notion that noble intentions 
can stop climate change, that doesn’t mean they think the prob-
lem can’t be solved. The city’s leaders know that to get people to 
save the earth, you must appeal to their bank accounts, not just 

their consciences. And those leaders are putting their reputation 
on the line to prove it.

In September, Chicago unveiled an action plan to reduce car-
bon dioxide emissions to one quarter below 1990 levels by 2020, 
followed by reductions through 2050 that would slash emissions 
by 80 percent. Up to 400,000 homes and 9,200 skyscrapers and 
factories would require energy-efficient retrofits in the next 12 
years. All 21 coal-burning power plants throughout Illinois 
would need to be refurbished, too, requiring statewide coopera-
tion. Another 450,000 riders would have to wedge themselves 
into elevated trains and buses every day—a 30 percent increase—

rather than commute by car. “I don’t know of another municipal 
plan that is this ambitious or comprehensive,” says Rebecca Stan-
field, a senior energy advocate for the Natural Resources Defense 
Council.
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The timing is right. Because the U.S. 
government has declined to support inter-
national treaties and emission caps, fixing 
climate problems has fallen to cities and 
states, many of which have a serious head 
start over Chicago. Portland, Ore., has al-
ready cut its per capita emissions to 12.5 
percent below 1990 levels by making 
greater use of public transportation and 
drawing 10 percent of its electricity from 
sources such as hydro and wind. In Seattle 
emissions are 8 percent below 1990 levels, 
a figure that could slide further once a 
light-rail line connecting downtown to the 
regional airport opens next year. Two 
years ago California governor Arnold 
Schwarzenegger pledged to bring the en-
tire state’s emissions down to 1990 levels 
by 2020 through higher fuel standards 
and the capture of methane from landfills, 
among other strategies.

But none of these places must overcome 
the heritage of steel mills and stockyards 
that haunts Chicago. The worst air in the 
nation hangs over the metropolis, accord-
ing to an Environmental Protection Agen-
cy database of chemicals that area compa-
nies release into the atmosphere. Younger 
cities can claim the mantle of the green 
movement in part because they never in-
herited a culture bred on coal, abundant 
in Illinois. “It’s a little unfair to compare 
different cities in different regions,” says 
Pat Hogan, regional policy coordinator 
for the Pew Center on Global Climate 
Change. “Places like Seattle and Portland 
can achieve carbon neutrality largely be-
cause they depend on hydropower.” Not 
to mention that unlike cities on the West 
Coast, Chicago endures extreme winters 
and summers that keep radiators and air 
conditioners running full blast.

All these liabilities make Chicago a de-
finitive test case in the fight against global 
warming. Most U.S. cities resemble Chi-
cago: aging infrastructure, hulking facto-
ries, old power grids, and voters with a 
fierce loyalty to fossil fuels who are more 
likely to be watching TV than climbing 

mountains. If Chicago can slash green-
house gas emissions, then any city can.

Enter the Wunderkind
Sadhu Johnston is in charge of making the 
Chicago Climate Action Plan something 
more than 60 colorful pages printed on re-
cycled paper. Johnston, 34, looks young 
enough to be mistaken for a college stu-
dent, instead of the Chicago government’s 
chief environmental officer. His first name 
originates in Sanskrit, referring to Hindus 
who live outside of society to contemplate 
the nature of God. Johnston works for the 
closest thing the rough-and-tumble world 
of Chicago politics has to a deity: Mayor 
Richard M. Daley, who as the eldest son 
of “mayor for life” Richard J. Daley as-
sumed office in 1989, a year before John-
ston could legally drive.

Daley recruited Johnston from the 
Cleveland Green Building Coalition about 
five years ago. Together they are attempt-
ing to rebrand the Chicago of the mob, the 
meatpackers of Upton Sinclair’s The Jun-
gle, and the 1919 Black Sox Scandal as the 
vibrant hub of the green economy. A re-
vamped Chicago would attract alternative 
energy manufacturers and the thousands 
of new jobs such companies stand to cre-
ate. The Windy City already serves as the 
North American headquarters to seven 

wind power companies and will host the 
industry’s annual conference in May. The 
largest turbine manufacturer, Suzlon 
Wind Energy, originated in India and 
came to Chicago in 2005 with 10 employ-
ees. It now has 900 workers stateside and 
expects to add 100 in 2009.

Under Johnston and Daley, Chicago 
has already taken some green strides. The 
city has extended bike lanes for 120 miles, 
encouraged 400 building owners to plant 
vegetation on their roofs to soak up car-
bon dioxide and reduce storm-water run-
off, and developed a “waste-to-profit” 
network that turns leftover plastics and 
chemicals from one company into useful 
raw materials for another.

But in the fight against global warming, 
such strides are rather small steps. Chica-
go will churn out about 37 million metric 

Architects: In September the city’s envi-
ronmental chief, Sadhu Johnston (fore-
ground), and Mayor Richard Daley un-

veiled a bold plan to cut emissions by 80 
percent and create thousands of jobs.

The economic argu-
ment is critical. Some 
people are going to  
do something out of 
altruism and social 
conscience, but that’s 
a small percentage.

—Sadhu jOhnStOn  
chicago’s chief environmental officer
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tons of greenhouse gases this year. Cover-
ing the city with 6,000 green roofs, as in-
tended, would trim emissions by only 
170,000 metric tons. Carving out 500 
miles of bicycle trails would eliminate a 
mere 10,000 metric tons. Together these 
strategies would lower total emissions by 
a grand total of half of 1 percent.

To make a real difference, the Daley ad-
ministration has embarked on an effort ri-
valing the city’s reconstruction after the 
1871 fire, which gutted 18,000 buildings 
and left 100,000 homeless. Johnston, non-
profit officials and energy industry execu-
tives crafted a plan that aims to cut total 
emissions by 15 million metric tons by the 
2020 deadline. The plan includes no 
sweeping mandates or legislative propos-
als. Its success hinges primarily on the 
government encouraging dramatic ac-
tions in the private sector.

One third of the envisioned cuts result 
from landlords and businesses that are 
renovating buildings to make them more 
energy- efficient. Another third come from 
upgrading pollution-preventing technolo-
gy in existing power plants, in addition to 
receiving more clean power courtesy of a 
state mandate that 25 percent of electric-
ity output be renewable by 2025. Of the 
final third of cuts, more than 20 percent 
come from better public and commercial 
transportation, with the rest owed to re-
ductions in industrial pollution and the re-
cycling of old refrigerators and air condi-
tioners that leak hydrofluorocarbons.

Leading without Authority
Supporters—and one would be hard-
pressed to find anyone in the Chicago en-
vironmental community willing to openly 
criticize the plan—say it is feasible, but 
previous experience justifies skepticism. 
Seven years ago Daley promised to reduce 
the city government’s carbon emissions by 
1 percent a year beginning in 2003. But in 
2006 the city generated about 70,000 
more metric tons than it did in 2003, ac-
cording to records obtained by the Chica-
go Tribune. Johnston claims the city was 
under its targets in the first few years and 
banked the credit, keeping its average re-
duction to 1 percent a year. He is unapol-
ogetic. “Sometimes I think the media feels 
it needs to be the cynic or critic of govern-

ment action,” he says, adding that the city 
is now meeting its reduction targets.

Environmentalists were disappointed 
that the plan does not address the city’s big-
gest polluters. The half-century-old Craw-
ford and Fisk coal plants, located within 
city limits, spew 4.8 million metric tons of 
carbon dioxide a year—that’s one third of 
the desired reduction right there. Chicago 
could ensure the plants’ closure by approv-
ing an ordinance that orders them to install 
costly scrubbers for nitrogen and sulfur ox-
ides emissions, effectively putting them out 
of business. But some question the legality 
of such an order. The plan only suggests 
the plants could improve—likely because 
tangling with Midwest Generation, which 

owns the plants, would be difficult. Emis-
sions from O’Hare and Midway airports 
are also spared—common practice in large 
cities, presumably because thriving air-
ports are central to prosperity.

There are also boundaries to Daley’s 
power. A large portion of the plan’s carbon 
reductions come from sources over which 
the city government has little direct lever-
age. For example, the extending of Chica-
go Transit Authority (CTA) bus and train 
routes—a move that is supposed to save 
830,000 metric tons of greenhouse gases—

will require state and federal funds that are 
seldom a sure bet. “Some of the things here 
you can’t mandate,” says Howard Learner, 
executive director of the Environmental 

Goal: Reduce carbon
dioxide emissions by ...

80%
by 2050

25%
by 2020

Encourage residents to save:
Lower thermostats by three degrees Fahrenheit in winter; 
replace incandescent lightbulbs with fluorescents; turn off
standby mode in televisions; drive 10 fewer miles a week

Expand bus routes and
elevated train lines

Replace city buses, garbage trucks
and taxis with efficient vehicles

Expand number of green roofs
from 400 to 6,000

Extend city bike lanes
from 120 to 500 miles

Retrofit for energy efficiency
400,000 homes

Refurbish 21 coal-burning
power plants

Retrofit for energy efficiency 9,200
high-rises and factories
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The plan

Taking steps: Residents, businesses, utilities 
and transportation must all play key roles.
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Law and Policy Center, an advocacy orga-
nization based in Chicago. “The city can 
push, the city can lead, the city can urge, 
the city can bring together financiers. But 
the city can’t require the federal and state 
government to rehabilitate the CTA.”

Essentially, the whole thing is an exper-
iment in civic leadership, a question of 
whether Chicago can cajole its population 
to act out of choice rather than through 
the blunt force of law. Meeting the 2020 
targets will require 40 percent of residen-
tial and commercial building owners to 
participate, well above the turnout Daley 
delivered for his own 2007 reelection.

Common Cents
Daley and Johnston knew that Chicago-
ans would be doubtful about an altruistic 
pollution prevention plan. The mayor’s 
constituents would have to see hard facts 

before buying in. So when the city began 
forming its climate change agenda, it per-
formed a thorough analysis, precisely 
measuring what caused emissions in Chi-
cago. The results proved surprising.

Planners used GPS and satellite imagery 
to map which parts of town were the hot-
test and which emitted the most green-
house gases. Infrared pictures showed sec-
tions of Chicago where temperatures 
spiked, a result of poorly insulated build-
ings and the absence of greenery. Those 
images were overlaid with maps of exist-
ing tree canopies and areas prone to flood-
ing. From all these data, the plan’s archi-
tects identified neighborhoods where emis-
sions cuts would have the greatest impact. 

They also determined that a huge 
amount of greenhouse gases were coming 
from the rail yards around the South Side. 
Why? A third of the nation’s rail traffic 

comes through Chicago, intersecting with 
tracks and roadways to form a bottleneck 
that can stall electric and diesel freight 
trains for days. It takes the “same amount 
of time for trains to get through Chicago 
as it takes to get here from Los Angeles,” 
the plan notes. A separate $1.5-billion pri-
vate, federal, state and city partnership to 
eliminate the choke points would get rid 
of 1.6 million metric tons of greenhouse 
gases annually.

Johnston’s map also indicated that build-
ings account for 70 percent of greenhouse 
gas emissions. Only 21 percent came from 
cars and trucks, overturning the assump-
tion that motor vehicles are the key villains. 
Still, 210,000 metric tons of carbon dioxide 
will be saved if the city replaces its buses, 
garbage trucks, taxis and delivery trucks 
with more fuel-efficient vehicles.

“One of the mistakes I’m seeing across 
the country,” Johnston says, “is cities and 
businesses are creating plans with all sorts 
of goals, without even stepping back and 
seeing where their emissions are coming 
from. Until you create a baseline, you’re 
not being strategic.”

At the heart of the plan is a deep and 

Head start: Chicago has already taken eco strides. 
The landscaped roof atop the Parkview Condomini-
ums’ parking garage is one of 400 green roofs, and 
the bike path along Lake Shore Drive is part of 120 
miles of such lanes that benefit commuters.

The city can lead, the city can urge, but  
the city can’t require the government  
to rehabilitate the Chicago Transit authority.

—hOWaRd LeaRneR  
environmental Law and Policy center
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homegrown faith in the pragmatism of 
ordinary people. Decades ago professors 
at the University of Chicago developed 
what has become known as the Chicago 
school of economics, which argues that 
people behave rationally when given the 
facts. According to this framework, once 
a homeowner or business executive un-
derstands the financial benefits of going 
green, he or she should naturally choose 

to do so. “The economic argument is crit-
ical,” Johnston points out. “Some people 
are going to do something out of altruism 
and social conscience, but that’s a small 
percentage.”

Hence, the plan assumes that building 
owners will renovate skyscrapers and fac-
tories for energy efficiency, to make them 
less costly to heat and cool, if adequate 
loans are made available—a step the city 

has already taken in cooperation with 
foundations and banks. Better insulation 
and new heating, hot water and lighting 
systems can reduce energy expenses by 30 
percent. City officials note that when nine 
local companies recently spent a com-
bined $277,000 to weatherize their build-
ings, their annual savings amounted to 
$100,000, covering the costs within three 
years. Among the Chicago landmarks al-
ready onboard for retrofits are the Sears 
Tower and the Merchandise Mart.

The same principle applies to running 
a household. The plan claims that by re-
placing incandescent lightbulbs with fluo-
rescent ones, homeowners would save 
$108 a year. Another $23 could be saved 
by unplugging televisions rather than 
keeping them on standby. More money 
could be found by turning down the ther-
mostat by three degrees Fahrenheit in the 
winter, keeping car tires properly inflated 
and driving 10 fewer miles every week. 
These are among the 13 recommendations 
for how Chicagoans could change their 
behaviors in small but significant ways, 
saving themselves $800 annually in the 
process. If only half of the city’s residents 
followed the carbon-saving recommenda-
tions, 800,000 metric tons of emissions 
would disappear.

All told, the plan lays the groundwork 
for an economic climate change in Chica-
go, as renewable energy and green tech-
nology companies begin to locate in a city 
openly sympathetic to their interests. This 
is Daley’s master plan, his bid to secure a 
legacy. He wants the “Windy City” sobri-
quet to describe a Chicago whose electric-
ity comes in large part from wind farms 
instead of the past century’s smoky coal-
burning behemoths. Time will reveal 
whether his plan is visionary or mostly hot 
air. Either way, Chicago won’t be fazed. 
Most people assume the city got its nick-
name from the breezes off Lake Michigan. 
But the phrase was actually coined in the 
19th century to describe the blustery hype 
of Chicago’s politicians, who made bold 
promises at a moment of tremendous 
change in America. •

Josh Boak is a staff reporter with the  
Chicago Tribune who covers energy and 
financial markets. 

aRound The naTion

Clean Tech Cities: leaders hope new 
industries will energize urban economies.
Cities around the country are positioning themselves as centers for the next technology boom: 
sustainable energy. How big is the prize? Let’s just say that total energy expenditures in the 
U.S. were $1.1 trillion in 2006. Here are some of the contenders:

CHICAGO: Just as New York has the stock market, Chicago is home to the commodities mar-
kets—and a new system called the Chicago Climate Exchange. Instead of trading interests in 
corn, wheat and pork bellies, participants offer contracts for carbon emissions. Members agree 
to monitor their greenhouse gas emissions, then trade their polluting rights and offsets.

AUSTIN: Home to Dell, Freescale Semiconductor, and branch operations for IBM and Intel,  
the Texas state capital now aims to lead the so-called clean tech movement. The Clean Energy 
Incubator at the University of Texas at Austin is lassoing funds for a lithium-ion battery start-
up and a geothermal company, among others.

DETROIT: With Chrysler, Ford and General Motors tanking, autoworkers want assembly lines 
to start building windmills, not SUVs, says Janet Larsen of the Earth Policy Institute. Since 
World War II, the city’s factories have changed product lines with more versatility than  
one might imagine.

TOLEDO: This old-school Ohio manufacturing hub got rich by making glass for windows,  
bottles and windshields. Blighted for the past half a century by factory closures, the city is  
now applying its historic expertise to a new industry. First Solar’s plant produces thin-film  
modules designed to capture the sun’s energy for commercial power plants. Annual revenues 
are approaching $1 billion.

Detroit is retooling
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Iin the rolling foothills of the madison range in south- 
western Montana, a cabin-style house sits beside a washboard dirt 
road. A few horses loiter in a corral outside, and spotted ranch dogs 
bark and jump at the fence. James Stuart, manager of Sun Ranch, 
lives here with his wife and three kids. Christian, the oldest at four 
years, just got his first pony.

Stuart, who comes from a long line of rugged Scots who settled 
this region, has auburn hair and eyes lined from squinting—or smil-
ing—in bright sunlight. He loves this land. You can hear it in his 
voice as he rattles off the creeks and canyons of the 26,000 acres 
he’s surveying from the cab of his silver Dodge pickup. We’re parked 
on an overlook in the middle of the ranch as Stuart’s gloved hand 
traces the outlines of the landscape around us. “We have Wolf 
Creek to the north, we have Moose Creek coming down out of this 
big canyon.. . .” His voice trails off as our line of vision ends at the 
hilly horizon.

Stuart is accustomed to the usual trials of a working ranch: bliz-
zards, wolves, broken fences and the occasional errant cow. But it’s 
not all business as usual here. Last year Sun Ranch became the first 
ranch in the U.S. to cash in on a program that pays rangeland own-
ers to help fight global warming. The ranch received a $30,000 
check for the carbon dioxide its grasslands have been absorbing 

Ranchers in Montana are being paid by 
polluters to let the grass grow

By Ashley Ahearn

•
 CLIMATE STRATEGIES

Carbon 
Cowboys

Roots: James Stuart surveys the 26,000-acre  
Sun Ranch in Montana, where healthy grasslands 

are storing carbon dioxide in the soil. a
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20,000 credits

9,000 credits

11,000 credits

$40,000

$18,000

Ranchers

Cleaner 
Company

Dirty 
Company

B

C

A

Broker

$22,000

Chicago
Climate

Exchange
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how it works

Carbon trading: A matchmaker’s game.
Through a central exchange, companies emitting more carbon dioxide than limits allow  
can purchase offsetting credits from companies emitting less than the limits or from other  
operators such as ranches that can soak up excess carbon.

1Dirty Company 
joins the Chicago 

Climate Exchange,  
realizing it will exceed 
the carbon emissions 
limit by 20,000 tons. 
At $2 per credit, the 
company pays the ex-
change $40,000.

2Cleaner Company joins the  
exchange, produces 9,000 tons 

less than its allowable limit, sells 9,000 
credits to the exchange and collects 
$18,000 minus any fees.

3 Ranches A, B and C manage grasslands so that they absorb 
more carbon than normal, qualifying for credits. Their broker, 

the National Carbon Offset Coalition, sells 11,000 credits to the 
exchange for $22,000, paid to the ranchers minus broker fees.

4 The exchange sends Dirty Company  the 20,000 credits it needs— 
9,000 from Cleaner Company and 11,000 from the ranch coalition.

from the air. The more carbon dioxide in 
the ground, the less of it in the atmosphere, 
and that benefits everyone.

Trading Carbon
Paying landowners to store carbon is a 
strategy that is rapidly gaining in popular-
ity, and rangelands are the newest frontier 
in an emerging marketplace that enables 
polluters to buy carbon credits from proj-
ects designed to reduce greenhouse gases 
in the atmosphere. Buyers use these cred-
its as “offsets” for their activities that con-
tribute to climate change, everything from 
manufacturing to air travel.

In the U.S., purchasing carbon credits 
was being done voluntarily, but by late 
September, 10 northeastern states agreed 
to implement the nation’s first “cap and 
trade” system, which would place an up-
per limit on the amount of carbon dioxide 
and other greenhouse gases that indus-
tries are permitted to release into the at-

mosphere. To keep their emissions below 
this limit, companies would trade carbon 
credits through an exchange similar to the 
stock market. A similar cap-and-trade 
scheme has proved successful at reducing 
sulfur dioxide emissions—which cause 
acid rain—in the U.S. since the mid-1990s. 
And prior to election day, both presiden-
tial candidates Barack Obama and John 
McCain had called for trading, too.

Plenty of trading has already been hap-
pening, however, at the five-year-old Chi-
cago Climate Exchange. In the first nine 
months of 2008, more than 60 million 
credits—one for each ton of carbon—were 
traded on the exchange. Most trades are 
tied to projects such as planting trees, pro-
tecting tracts of rain forest, installing re-
newable energy sources and harvesting 
methane from landfills.

Rangeland sequestration projects have 
generated only about 200,000 credits but 
are on the cusp of a major boom. The 

rangelands of the American West natural-
ly absorb about 190 million tons of carbon 
dioxide a year. That’s about what 40 coal-
fired power plants emit, but there’s still 
plenty of room for improvement. Through 
its Rangelands Soil Carbon Management 
Offsets Program, the exchange offers a fi-
nancial incentive for ranchers to increase 
the amount of carbon dioxide that is ab-
sorbed by their lands. Sun Ranch was the 
first to qualify.

Soil Sequestration
Grass absorbs carbon dioxide the same 
way trees do, but on a smaller scale. 
Through photosynthesis, each plant takes 
carbon from the atmosphere and uses it to 
build more plant matter. When grass dies 
or trees are cut down, that carbon is re-
leased back into the atmosphere. But grass 
plants also release carbon out of their root 
tips to fungi in the soil, says Stephen 
Porder, who teaches biogeochemistry at 
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Brown University. “When those roots die 
or the fungi die, they’re eaten by some mi-
crobe or worm, and a portion of that car-
bon gets stabilized,” he explains. “It gets 
stuck onto a clay mineral or a particle and 
stays in the soil.”

The best way to maximize the amount 
of carbon that gets trapped underground 
is to maximize grass growth. Overgrazing 
and drought are the biggest challenges to 
carbon sequestration because they prevent 
plants from putting down healthy roots.

Not all regions of the country, or even 
of the West, are created equal when it 
comes to carbon absorption. The more 
fertile grasslands of Kansas, for example, 
absorb about 20 percent more carbon per 
acre than the arid grasslands of Montana. 
That is according to calculations done by 
Joel Brown, a rangeland management spe-
cialist at the U.S. Department of Agricul-
ture’s Natural Resources Conservation 
Service, to help the Chicago Climate Ex-
change determine how much to pay ranch-
ers for sequestering carbon.

As the pilot project for the exchange’s 
rangelands program, Sun Ranch won ap-
proval to sell carbon credits only after sub-
mitting soil samples that were taken from 
different parts of the ranch and tested to 
calculate how much carbon the ranch’s 
acreage could absorb. But doing that for 
every ranch in the program would be a lo-
gistical nightmare for the exchange. In-
stead Brown divided the U.S. into six re-

gions based on average rainfall. The wetter 
the region, the more carbon its grasslands, 
when healthy, are expected to absorb.

Porder says the science still isn’t specif-
ic enough for him. A ranch on one side of 
a mountain range could get less rain (and 
therefore absorb less carbon) and still be 
in the same carbon absorption region as a 
wetter region on Brown’s map.

The exchange also places each ranch 
into one of two categories: “nondegraded” 
rangeland that is being managed to in-
crease carbon sequestration or “improved” 
rangeland that has been degraded by over-
grazing or extended drought but is be-
ing restored through the adoption 
of better land management practic-
es. In most regions, the second cat-
egory is credited at a higher rate 
because it has greater potential for 
increased carbon storage. Most of 
the ranches that have been ap-

proved to sell credits are in this category.
In the Rocky Mountain region where 

Sun Ranch is located, Brown’s map indi-
cates that an acre of nondegraded range-
land can sequester 0.12 ton of carbon a 
year and an acre of improved rangeland 
can sequester 0.28 ton. At the higher rate, 
a 100,000-acre ranch could get approved 
to sell 28,000 credits on the Chicago Cli-
mate Exchange. Prices have fluctuated be-
tween $1.85 and $7 per credit over the 
past few years, but even at the lowest pric-
es those credits are worth five figures to 
the rancher.

Half a Herd
No matter where a ranch is located, get-
ting approval to sell carbon credits is no 
easy task. “There is a lot of work that has 
to go into the documentation of the pro-
ductive capacity of that land, the current 
condition that it’s in, the historical practic-
es over the past, and then some agreements 
on monitoring and the kind of adjustments 
they’ll make in response to changes in cli-

mate,” Brown says.
Sun Ranch had to 
cut its cattle herd 

by about half to 
match the rat-

ed carrying 
capacity of 

Central 0.20–0.52
Western 0.27–0.40
Rockies 0.12–0.28
Northern 0.12–0.24
Northwest 0.12–0.20
California 0.16

Rate of CO2 Storage
(metric tons per acre per year)
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How much could be stored: Measuring 
the amount of carbon dioxide (CO2) that in-
dividual ranches can sequester is impracti-
cal. The Chicago Climate Exchange parti-
tions the West into six regions, each with 
an average rate of absorption.

what we’re talking 
about is applying 
good conservation 
practices here, and 
now we can put a car-
bon number on it and 
pay people for that.

—ted dOdge
national carbon Offset coalition
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the land. Even so, the check the owners re-
ceived for the sale of carbon offsets in-
creased the ranch’s income by a consider-
able amount. Not all ranchers have to 
make such drastic cuts, but they do have 
to provide proof that their cattle are being 
rotated evenly around the ranch, and they 
must demonstrate that they have a plan to 
prevent overgrazing should a drought hit. 
The ranchers must also agree to an annual 
audit to verify that they are sticking to an 
approved plan.

Porder worries about what happens 
when a rangeland has been fully restored 
and has already absorbed the maximum 
amount of carbon possible but the rancher 
is still selling credits on the market. “If you 
change your grazing practices, you shouldn’t 
be able to sell credits forever, because soon-
er or later your land will stop taking up 
more carbon. It will be restored.”

Currently eligible projects are required 
to make a minimum commitment of five 
years. After that, there is no guarantee 
that the carbon stashed in the soil will re-
main there permanently. If a rancher were 
to plow his land, for example, that would 
release the carbon to the atmosphere. So 
it is only considered “stored” as long as 
the rancher is active in the program.

Despite these uncertainties, Porder 
says he is optimistic that rangeland off-
sets will promote better land manage-
ment in the West. “Will sequestration be 
a solution? Absolutely. Is it a panacea? 
Absolutely not.”

The Chicago Climate Exchange is wary 
of relying too heavily on rangelands for 
carbon sequestration because they do not 
absorb carbon dioxide as prodigiously as 
rain forests, for example, and because the 
science of how grazing and droughts affect 
soil sequestration is relatively new. But Mi-
chael Walsh, executive vice president of the 
exchange, says that does not mean he and 
his colleagues are not excited about the 
program’s potential: “It may be a small 
piece of the solution set, but it can be a sig-
nificant opportunity for the landowner 
who undertakes these best-management 
practices.”

Michael Wara, a research fellow at 
Stanford University’s Program on Energy 
and Sustainable Development who has 
studied carbon-offset policies, agrees that 

options

More than ranchland: polluters can seek 
carbon credits from various activities that 
sequester, destroy or reduce emissions.
Farms. Farmers who store carbon in soils by planting grasses or “no-till” crops that do not  
require plowing.

Forests. Landowners who plant trees in deforested areas (top right) or promise not to cut 
down healthy forests (top left) that would otherwise be consumed for fuel or agriculture.

Renewable energy. Wind turbines, solar panels (bottom) and other alternative energy 
installations that reduce the need for electricity generated from fossil fuels.

Energy efficiency. “Green” buildings and streamlined manufacturing processes that 
use less fuel, which means fewer emissions.

Methane recovery. Capturing and combusting natural gas from landfills, coal mines and 
livestock waste lagoons to generate electricity or heat.
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rangelands are a bit player in the carbon 
marketplace. “A million tons, that’s not 
nothing, but the power sector in the U.S. 
emitted 2.5 billion tons” in 2007, Wara 
points out. “What’s going on here is that 
folks who have an interest in selling cred-
its are setting up rules that they hope can 
be adopted into a future federal bill. I see 
this as positioning for what’s really going 
to happen later, so the volume right now 
is less important than the science and  
the rules.”

Ready to Ride
Though still small, the rangeland-offsets 
program is poised for rapid growth. A 
firm called Beartooth Capital brokered 
the Sun Ranch carbon credits as a pilot 
project, but a nonprofit organization 
called the National Carbon Offset Coali-
tion now manages the ranch’s contract 
with the Chicago Climate Exchange. The 
coalition works with more than 50 ranch-
es stretching from Montana to New Mex-
ico, and executive director Ted Dodge 
says the organization was aiming to sell 
one million carbon credits by the end of 
2008, quintupling the number already on 
the market and sequestering one million 
tons of carbon in the process. If the price 
of carbon stays around $2 per ton, close 
to $2 million would have been passed 
along to ranch owners this year, with a cut 
going to the coalition.

Dodge is enrolling about 100,000 new 
acres every month. He says many of the 
ranchers may not be sold on the science or 
political arguments surrounding the issue 
of climate change, but they are seeing dol-
lar signs and wanting in. “We’re about 
whether there’s a potential market here, 
and we think it needs to be designed cor-
rectly, and it won’t work unless there’s an 
enforced market,” he comments.

Dodge points out that a mandatory 
cap-and-trade system would mean big 
things not only for global climate but also 
for the American West: “We’re talking 
about soil-quality improvement, water-
quality improvement, wildlife habitat im-
provement. What we’re really talking 

about is applying good conservation prac-
tices here, and now we can put a carbon 
number on it and pay people for that. I be-
lieve that with this market we have the po-
tential to impact land use in this country 
like we’ve never done before.” 

One particular trend could be reversed: 
as ranching budgets have grown tighter in 
recent years, more and more ranchers 
have sold their land to developers. Some 
feel pressure to graze too many animals. 
It’s a hard business to be in, and Stuart 
says young people don’t see much of a fu-

ture in it. Rangeland carbon credits offer 
a “bonus” that could help turn things 
around for struggling ranchers and attract 
a new generation of owners. And they rep-
resent a growing recognition that ranch-
ers who are good stewards provide impor-
tant ecological services as well as ham-
burgers and steaks. •

Ashley Ahearn is a reporter and associate 
producer for Living on Earth, a weekly 
radio program based in Boston and dis-
tributed by Public Radio International.

“the average age of agriculturists is above 
60 in the U.s., so we really need to work on  
encouraging youth to get into agriculture,” 
James stuart says. Carbon offsets help.

Next generation: Four-year-old Christian 
Stuart is learning the ropes, hoping to help 

Dad ride herd at Sun Ranch someday.
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Ecotourism has become the unlikely protector of an 
unexpectedly endangered species: the great white

Written and photographed by Jim Cornfield

ShArking
guadalupe

a windless dawn rises over isla guadalupe, 150 miles 
west of the Baja California coast. Rolling slightly in a gentle 
Pacific swell, our 80-foot trawler Horizon motors toward the 
island’s north end. The skipper, Greg Grivetto, is standing the 
final watch of a 20-hour passage from San Diego. He glances 
down through the bridge windows at the dozen or so passengers 
gathered on Horizon’s foredeck. We’re shaking off sleep, gab-
bing, sipping coffee, eager to catch sight of our first landfall on 
this remote volcanic rock. In the distance, sunlight outlines the 
arc of Guadalupe’s northeast inlet. There, deep in flat, dark water, 
something is also stirring, and everyone onboard is thinking 
about it.

It is Carcharodon carcharias, the great white shark.
The inshore waters of Guadalupe make up one of the few 

known habitats for this formidable migrating creature. It is the 
world’s largest predatory fish, typically 13 to 16 feet long, weigh-
ing 1,500 to 2,500 pounds. The great white is the undisputed 
king of the cartilage-skeletoned vertebrates that have been swim-
ming through the seas for 400 million years and the supreme it-

eration of an “apex predator”—top dog—in its watery world. To 
scientists and shark devotees, great whites are a feast of complex 
behaviors—maddeningly coy in their breeding habits and wary 
but stunningly accomplished killers. Remarkably, they also are 
now listed as endangered, and when an apex species is in trouble 
the threat can cascade down through the entire food chain.

For years close encounters were pretty much out of the ques-
tion. Swimmers and scuba divers ardently avoid the sharks, and 
useful observation in study tanks or aquariums is impossible be-
cause the animals do not survive prolonged captivity. But recent 
growth in the popularity of shark-cage diving has opened new 
opportunities. On this August morning Horizon’s crew, scien-
tists and ecotourists are arriving under the aegis of Shark Diver, 
a leading operator of “sharking” excursions to Guadalupe. The 
mission, as always: to watch at close hand this impressive animal 
in its natural surroundings.

Shark Diver, in conjunction with the Marine Conservation 
Science Institute, has identified, recorded and named more than 
85 individual great whites that regularly return to the area, now 
a reserve protected by the Mexican government. A compilation 
of photographs (including contributions from amateur cage div-
ers) plus tagging and satellite tracking is steadily producing a de-
tailed profile of the Guadalupe community of great whites. A 
thick ring binder, the “family album,” circulates in Horizon’s 
wood-paneled saloon. Among the pictured sharks are Fat Tony 
(the charter member of Shark Diver’s roster), Nacho, Belt Strap, 
Bruce, Captain Hook, Harvey, the Russian. And the truly mas-
sive 18-foot females that migrate here late in the fall—Tlazolteotl 
(named for an Aztec goddess), Chicka, Dorri, Snow White, Lady 
Notch—many of them pregnant and voraciously hungry.

Even though the great whites are a protected species, relent-
less poaching has put them on the international “threatened” list. 
Shark Diver CEO Patric Douglas reports that one set of jaws 

Guadalupe Island, a way  
station for great whites
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alone can fetch $5,000 in Ensenada. His Guadalupe Island Con-
servation Fund (www.guadalupefund.org) has documented the 
sale of whole carcasses of the great white for $20,000 on the 
black market. Mexico’s national park service lacks the resources 
to station patrol boats at Guadalupe during the great whites’ sea-
son. But Shark Diver expedition vessels, along with those from 
several other adventure operators, have become an unofficial po-
lice presence against illegal sportfishing.

The great white shark will always be the subject of controversy, 
in large part because of Peter Benchley’s best-selling thriller Jaws 
and the movies it spawned. Two years before his death in 2004, 
Benchley boarded Horizon for his own Guadalupe visit. He want-
ed to see firsthand the creatures he had demonized. By that time 
Benchley was already an advocate for white shark conservation, 
having seen the senseless, bloody orgy of shark hunting touched off 
by his success. He was profoundly moved by the majesty of these 
animals, and his campaign to save them soon took hold in the me-
dia. Ecotourism now helps to fund great white conservation.

Sympathy for the great white shark should never obscure its 
important role as a predator, however. Luke Tipple, a respected 
shark biologist and Shark Diver’s director of operations, is out-
spoken on this subject. “Occasionally,” he muses, “you’ll hear 
the phrase that great whites are ‘misunderstood.’ They may have 
been mistreated, but they are definitely not misunderstood. Many 
millions of years of evolution went into producing this animal, 
and he is, first and foremost, an astonishingly efficient killer. 
Let’s not take that away from him.” •

 Jim Cornfield is a veteran commercial photographer and free-
lance writer based in Malibu Canyon, Calif.

A frequent 13-foot visitor called the Russian passes by

Cage divers settle 
in to observe
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Dive operations: Left: Luke Tipple, a noted 
shark expert and documentary producer, 
grasps an underwater video camera as he de-
scends into the cage. Above: Deckhands attach 
the cage to Horizon’s stern. Cages are formed 
from thick aluminum bars that each have a 
compression strength of 5,000 pounds per 
square inch. Below: Cage occupants, mostly 
 ecotourists, await their first encounter with  
a great white, as Tipple prepares his camera. 
Topside, divemaster Martin Graf (foreground) 
and his crew supervise the proceedings.
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Luring predators: Right: To attract great 
white sharks from their cruising depths up to the 

surface, Horizon second-in-command Spencer 
Salmon hurls a “hangbait” clear of the sub-

merged shark cages. To protect the Guadalupe 
biosphere from pathogens, government inspec-

tors monitor shark-cage operators to ensure that 
all hangbaiting is done with nonhazardous fish 
products, usually tuna. Shark Diver CEO Patric 

Douglas also refuses to drag these lures close to 
the cages—a common abuse intended to pro-
duce those chilling cinematic moments when 

hungry sharks mistakenly chomp on rigid alumi-
num bars, which can harm the animals. Douglas 
decries the technique, used by irresponsible pro-

ducers of TV news stories and so-called shark 
documentaries. “It’s nothing more than ‘shark 

porn,’ ” he says with disgust. Above: Bruce,  
a hefty 13-foot male, silently approaches the  
observation cage, his extraordinary array of 

senses tuned in to his unexpected visitors.
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The encounter: Above and right: Shredder,  
a Guadalupe regular easily recognized by the 
ragged trailing edge of his dorsal fin, turns and 
swims directly at the cage. Over the steady un-
derwater gurgle of exhaust air bubbling from the 
regulators, divers hear their own muffled cries of 
awe—mostly “Wow!” exclaimed through teeth 
clamped on a rubber mouthpiece. Cameras flail 
in the shark’s direction, and the divers’ eyes wid-
en as Shredder approaches. After a slow pass of 
the cage, he turns impassively and descends 
back into the shadows. Left: Other sharks soon 
follow, including a newcomer that has not yet 
been named. Because air is supplied hookah-
style from tanks above the surface, divers do not 
require scuba certification.

LYNDA GUENTHER (photograph of Cornfield in cage)
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Protection: Right: Douglas estimates that 30 percent of the great white 
sharks in the Western Pacific frequent Guadalupe. For years poachers ille-
gally killed the sharks, mostly for their jaws, which fetch thousands of dol-
lars on the black market. But the very presence of ecotourist boats keeps 
hunters away. Douglas regards the efforts of responsible cage-diving oper-
ators as a mission to build awareness of these incredible animals—as well 
as concern for the welfare of elephant seals, fur seals, fish species and the 
ocean ecosystem. “Our role,” he says, “is a form of site stewardship. This 
chunk of rock and volcanic cinder cones is probably the most robust white 
shark habitat on earth.”

The presence of 
cage-diving boats 
keeps poachers at 
bay. “We’ve been 

given a gift here.” 
—PATRic DoUGLAs  

shark Diver cEo
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Regrowing
Borneo,
tree
by
tree Jjust below the equator, on the island 

of Borneo, a tropical rain forest is rising out 
of a logged, charred wasteland. Dawn mists 
cling to the leaves of ginger and mango 
trees erupting out of a tangle of ferns, rat-
tan and yam vines. A sparse canopy of 
white-barked acacias shelters them in fil-
tered shade as the sun burns through the 
haze. From deep in the distance a tuneless 
chorus of gibbons booms over the clamor of 
cicadas, while a white-bellied sea eagle 
soars silently above.

For Willie Smits, this is a miracle in a 
moonscape. Emerging from what was a bio-
logical desert, it contradicts everything most 
forestry experts have long believed about 
rain forests. Smits has named it Samboja  
Lestari, “Everlasting Forest.” It gives hope 
to this ravaged landscape and the thousands 
of species that depend on it. Most important 
for Smits, the forest growing before his very 
eyes is the promise of a future for the world’s 
few surviving orangutans.

“Orangutans are ambassadors of the re-
maining biodiversity of the Bornean rain 
forests. If I could re-create habitat for them 
here, you could do it anywhere,” he says.

Smits, 51, is a forester, a microbiologist 
and the most passionate advocate for that 
endangered primate. Charismatic and out-
spoken, for two decades he battled defores-
tation, fire and conversion of orangutan 
habitat to oil palm plantations in a desper-
ate attempt to save these animals on the 
brink of extinction. His efforts won him 
countless death threats but not the safe ha-
ven he sought for orangutans. Today, out of 
sheer frustration, Smits is re-creating new 
orangutan habitat one square meter at a 
time. His partners are the 600 families of 
the local Dayak tribe in the Indonesian 
province of East Kalimantan. The welfare 
of their village is so integrally linked to the 
success of Samboja Lestari that Smits refers 
to it as “the people’s forest.”

The partnership Smits has forged with M
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To save orangutans, scientist Willie Smits is restoring a rain forest—and 
creating new livelihoods for the Indonesian families who help him

By Jane Braxton Little

Forest dwellers: Orangutans, 
whose name in Malaysian means 

“person of the forest,” may be the 
most charismatic of Borneo’s  

imperiled species. Biologist Willie 
Smits is now pursuing a controver-

sial plan for saving these apes by 
growing them a new forest habitat.
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the local community is key to his success, says Amory Lovins, a 
renewable energy advocate and chief scientist at Colorado’s Rocky 
Mountain Institute who recently visited Samboja Lestari. “This 
may be the finest example of ecological and economic restoration 
in the Tropics.”

It is a gutsy experiment that has drawn criticism from both 
scientists and conservationists. Smits has not presented Samboja 
Lestari for scientific review, leaving rain forest experts to won-
der what he has actually accomplished on the ground. Many of 
his peers in the conservation community believe his money would 
be better spent protecting habitat than reconstructing it from 
scratch. For Smits, a veteran of political controversy who has of-
ten been at odds with other orangutan rescue projects, the con-
troversy is familiar. He ignores it.

A native of the Netherlands, Smits traveled to Borneo in 1981 
as a tropical forester and microbiologist in quest of a place few 
others had seen. The world’s third-largest island is bigger than 
Texas and is largely divided into the territories of Indonesia and 
Malaysia and also the small nation of Brunei. Bisected by the 
equator, Borneo is a treasure of biodiversity with 15,000 plant 
species, 222 mammal species, and hundreds of species of birds, 
amphibians and freshwater fish. When the last ice age ended and 
glaciers receded, sea levels rose around the island, cutting it off 
from the Asian continent and leaving its flora and fauna to evolve 
in isolation. Borneo hosts more than 6,000 species found no-
where else on earth.

It was here in 1858 that Alfred Russel Wallace pondered life 
across time and space as he wandered alone among dipterocarp 
trees that towered 60 meters above him. He encountered orang-
utans and wondered why they were found only in these forests 
and in neighboring Sumatra. Surrounded by wild nature—drink-
ing the insect-laden liquid of pitcher plants, rhapsodizing over 
the taste of the durian fruit—Wallace worked through the logic 
of how every species has come into existence with a preexisting 
closely allied species. The paper he wrote and sent by slow boat 
to London spurred Charles Darwin to publish at last his own 
thoughts on the origin of species. Later Wallace would draw the 
line east of Borneo that separates the biological realms of South-
east Asia and Australia, a distinction verified a century later as 
scientists understood the mechanics of plate tectonics.

Borneo’s biological bounty began to collapse in the 1970s. 

Kingdom of
Sarawak

Dutch Borneo

BORNEO

Brunei

N. Borneo
(British)

BORNEO

Malaysia
Sabah

Brunei

Malaysia
Sarawak

Indonesia
(Kalimantan)

Destroyed for palm oil: Lowland rain forests in Borneo, where orang-
utans naturally range, occupy the best terrain for growing palm oil. Conse-
quently, developers still routinely set fires (above) and chop down trees 
(right) to clear the land for expanding oil palm plantations, despite laws  
forbidding the practice. More than 170,000 square kilometers of forest have 
been lost to plantations, according to World Wildlife Fund estimates.

The Deforestation of Borneo

1900 2010
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Loggers entered the rain forests that stretched unbroken across 
the island, cutting roads and felling the dipterocarps for their 
valuable hardwood lumber. The dense stands where Wallace rev-
eled in the cacophony of raucous hornbills and screeching mon-
keys were filled with the deafening din of chain saws. Habitat 
that had sheltered so many species for so long was reduced to vast 
stretches of stumps baking under the equatorial sun. The forests 
of Borneo have been leveled at a rate so fast “it resembles the end 
of the world,” Smits says. Between 1985 and 2005, the island lost 
a swath of rain forest the size of Florida.

The Eyes in the Cage
The timber operators did not just empty the land of trees. Once 
the logs were hauled off for export, they cleared the slopes for 
agricultural plantations, mostly for growing profitable oil palms 
used in products ranging from margarine to lipstick. The fastest 
and cheapest way to be rid of what remained was to burn it, a 
traditional tribal technique. In 1997 this practice turned disas-
trous. Aided by two dry years and a late monsoon, even Borneo’s 
productive land began to catch fire. The flames spread, burning 
for weeks and months, scorching hundreds of thousands of  
hectares. The choking smoke drifted east across Wallace’s line 
and on to Timor. It billowed west: satellite images showed 30  
cities in Indonesia shrouded in smoke and more than 1,000 
hotspots of roaring flames racing up rural hillsides. The fires re-
leased up to 40 percent of the total carbon dioxide emissions 

worldwide that year, according to research published in Nature.
Year after year Smits witnessed the destruction of Borneo’s 

rain forests while working as an adviser on conservation issues 
to the Indonesian government. Much as it distressed him, how-
ever, it was a chance encounter with an orangutan that finally 
transformed the Dutchman-turned-Indonesian citizen. While he 
was passing through a market in 1989, a caged animal caught his 
attention. “She had the saddest eyes I’ve ever seen,” Smits says. 
Those nearly human eyes haunted him. Later that night Smits re-
turned to the market to find the orangutan discarded in a gar-
bage heap. He took her home and nursed her back to health. That 
rescue changed his life.

Orangutans were already facing a precarious future. Once 
boasting populations throughout Southeast Asia, today fewer 
than 77,000 remain in the wild and only in Borneo and Sumatra. 
Although they had been the object of poachers for decades, the 
demand for orangutans as pets increased in the 1980s, about the 
same time logging began destroying their habitat. The losses ac-
celerated with the increasing expansion of oil palm plantations, 
which forced orangutans out of their remote forest homes. Many 
were captured and sold. Others were simply killed.

Last year the United Nations Environment Program declared 
orangutans a conservation emergency. If illegal logging and con-
version of rain forest to oil palm plantations are not halted, with-
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Ape apocalypse: Poaching has also taken a horrific toll on the orang-
utans, which in recent decades have frequently been removed from the wild 
so that they might be kept as pets—often under cruel, harmful conditions 
(left)—or turned into gruesome trophies (below).

This may be the finest example  
of ecological and economic  
restoration in the Tropics.
  —AMOrY LOvINS

Chief scientist, rocky Mountain Institute
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Samboja Lestari: If all goes as 
planned, the “Everlasting Forest” 
will be a place where both wildlife 
and people can thrive.
The tract of devastated land that Willie Smits hopes to transform back into 
rain forest is divided into three roughly concentric zones (map at right). The 
thin, outermost area is a cultivated stand of sugar palms growing on land 
cleared of underbrush. For the villagers who tend these trees, they are a 
valuable source of food, thatch, medicines and marketable sap. Equally im-
portant, however, is that this ring of palms helps to keep wildfires and 
poachers out of the contained region, where Smits is trying to rebuild a di-
verse ecosystem of local plants and animals. The innermost zone has been 
set aside for research and support activities, including visitor education pro-
grams and sanctuaries for animals unsuited for release to the wild.

Can Smits’s ambitious plan succeed? It may take many years for both the 
ecological and social aspects of the experiment to prove themselves.  
Moreover, because Smits has not yet presented evidence for independent 
review, outsiders can still only guess whether this forest will be everlasting 
or merely ephemeral.  —The Editors
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In the future forest: Young Indone-
sians tend saplings in a nursery until the 
trees are ready to be transplanted into 
the forested area (left). Planted rows of 
pineapples prepare the ground for those 
tree seedlings by helping to eliminate 
unwanted grass (below right). This 
orangutan (below left), one of many 
that Smits has brought into the reserve, 
calls Samboja Lestari home.

At a Glance:
Area: 1,884 hectares
Tree species: 1,302
Bird species: 99
Primate species: 9
Human residents: 2,000
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in two decades few orangutans will be left 
in the wild, the February 2007 report states. 
Smits’s calculations are even more omi-
nous: without drastic changes, he predicts 
wild orangutans will be extinct by 2012.

Smits formed the Borneo Orangutan 
Survival Foundation (BOS) in 1991 to pre-
vent that catastrophe. A nonprofit organi-
zation dedicated to the conservation of orangutans and their hab-
itat, BOS has taken in nearly 2,000 animals for rehabilitation 
and reintroduced around 700 back into the wild. The goal was 
to serve as a way station for orangutans until the deforestation 
stopped and they could be returned to the remote woods where 
they had prospered for millennia. “I thought I could save orang-
utans—put them back in the forest and everybody would be hap-
py. It was a beautiful dream,” Smits reflects. But Indonesian for-
est destruction has been unrelenting, leveling nearly two million 
hectares a year and taking some 3,000 orangutans with it. Smits 
finally faced the fact that efforts to protect orangutans in Bor-
neo’s existing rain forest were failing. The only way to save them 
was to re-create a rain forest with the help of the local commu-
nity, he says: “I just did it.”

A Formula for Reforestation
The forest at Samboja Lestari started quite modestly. In 2001 
Smits began buying land around the Dayak village, once sur-
rounded by forests but now devastated by oil palm plantations. 
He paid villagers what he considers a generous price using mon-
ey raised through a private foundation. Determined to protect 
the land from government interference, Smits made sure each in-
dividual purchase complied with all regulations and that BOS 
would be guaranteed ownership “forever.” 

The soils were terrible—infertile, extremely low in nutrients 
and interspersed with dirt clods hard as steel. Drawing on his 
background in microbiology and his doctoral dissertation on my-
corrhiza, Smits began making enormous quantities of compost. 
Along with organic wastes, he mixed in sawdust, fruit remnants 
from the orangutan cages, and manure from cattle and chickens 
scavenged from his other projects in Kalimantan. His special in-
gredient was a microbiological agent made from sugar and cow 
urine. Combined with the humid local climate, each batch of brew 
was ready in three weeks. Then Smits began planting trees—thou-
sands of them. Each sapling and seed went into the ground with 

a generous dose of compost. Many of the seedlings came from a 
nursery he started on the site using seeds he had collected from 
more than 1,300 species, some from orangutan feces.

The first challenge was killing the alang-alang, a cyanide- 
secreting grass that had created a desolation Smits calls “a green 
shroud.” He is planting Acacia mangium and other fast-growing 
trees to produce the shade that eventually kills the alang-alang. 
Once these pioneers have done their job, Smits and the villagers 
will harvest them and use the lumber in construction.

The entire 2,000-hectare forest is divided into three zones. In 
the outer zone, a ring 100 meters wide, villagers are planting sug-
ar palms. Families are already enjoying income from the thatch, 
medicines and edible fruits that sugar palms produce, Smits says. 
The sap will eventually be processed into sugar at a refinery he 
plans to build near the village. This 300-hectare outer ring also 
serves as fire protection. Unlike many local conifers, sugar palms 
do not burn easily. As an additional defense against fire, each 
family tending a plot is required to clear the ground around it of 
alang-alang, undergrowth or anything else flammable.

Inside this fireproof ring is the heart of Samboja Lestari. Smits 
is planting a wide variety of local trees selected for their benefits 
to wildlife. Sugarcane, papaya and lemon trees—all will feed the 
orangutans, birds and other wildlife that are already moving into 
these woods. Today a half million trees belonging to 1,300 spe-
cies grow on more than 1,000 hectares. Another 163,000 sap-
lings are in the nursery awaiting transplant. Smits credits the ear-
ly success of Samboja Lestari to this immense diversity. “What 
people normally do is plant a million trees and hope for the best. 
We are re-creating the natural diverse system.”

The third and innermost zone, around 300 hectares, has been 
set aside for a variety of activities that contribute to the emerg-JA
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Newborn forest: Smits inspects 18 months’ worth of growth at Samboja 
Lestari. The trees in the background help to shade the saplings in the fore-
ground and eventually provide income to local people. 

Whoever thinks that 
this is too good to be 
true should come and 
see with their own 
eyes that a dream  
became reality here.

—WILLIe SMITS
founder, borneo Orangutan 

Survival foundation
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ing rain forest. Along with an arboretum and forest research fa-
cility, it includes sanctuaries for captive animals that cannot be 
returned to the wild. Smits has also built an education center 
where visiting schools and other groups can learn about conser-
vation, as well as an eco-lodge to generate income from guests.

He originally designed Samboja Lestari as a sanctuary for 
orangutans too injured to return to the wild. But as suitable wild 
habitat in Borneo continues to decline, he may turn it into a last 
refuge—a “Noah’s ark” where orangutans can live freely. For now, 
while the rain forest is still immature, he is using it as a school for 
young animals, with a few adults released on their own.

From the start, Smits has incorporated the community into 
Samboja Lestari. After buying land from them, he hired local men 
and women to work in the tree nursery and compost facility. He 
pays them to plant trees, survey and build roads and further en-
courages them to cultivate fruits and vegetables between the trees. 
Once the understory creates a canopy too dense for their pineap-
ples and melons, Smits will offer the villag-
ers 3,000-square-meter plots in the outer 
ring to grow sugar palms. The families 
who participate can also become share-
holders in a fund that pays a small monthly 
dividend while financing schools and com-
munity buildings.

It is an ingenious strategy with benefits 
beyond income. The gardens within the 
forest promote the growth of the saplings. 
The watermelon, beans and other goods 
they produce generate a food supply, which 
Smits buys for the orangutans at his center. 
The sugar palm plots provide a built-in se-
curity system; the villagers tending them 
watch for both poachers and fire. To rein-
force this human surveillance system, Sam-
boja Lestari includes state-of-the-art tech-

nology using infrared cameras and satellite monitors. Agree-
ments with international space agencies also allow newly trained 
local electronics specialists to identify the growth of individual 
trees—as well as their disappearance.

Smits’s aim is to engage the villagers in the economic future of 
the forest project so they will care for it out of enlightened self-
interest. Their involvement comes with a tough-love hammer. 
Should there be what Smits calls “outrage in the sanctum”—

should orangutans be stolen or killed—he will cancel the month-
ly dividend for all tenant families. “This way one can be sure the 
guilty party will be very quickly found thanks to the great social 
pressure,” he says.

Danger Even in Triumph
The success of this social experiment is not yet confirmed. Nei-
ther is the ambitious attempt to reconstruct a tropical rain forest, 
but Smits is not the first to try. Projects have been in place around 
the world for decades with varying outcomes. Working with 
mixed dipterocarp ecosystems is challenging because these for-
est species are extremely sensitive to disturbance, says Mark Ash-
ton, a Yale University professor of forest studies and silviculture. 
Most dipterocarps have very poor dispersal systems and do not 
sprout easily. When they use acacias as pioneer species to create 
the shade that allows other plants to take root, managers find 
them hard to remove because they adapt easily and reproduce 
vigorously. Still, foresters using acacias in Southeast Asian dip-
terocarp forests have successfully converted plantations, produc-
ing closed thickets within 10 to 15 years. Using compost, as Smits 
is, would speed the process considerably, Ashton says.

Smits has not presented his “miracle forest” for scientific peer 
review, so how well it is doing is anyone’s guess. Widely consid-

Partnership: BOS staff educate the local peo-
ple who protect and work the land at Samboja 

Lestari in modern techniques of sustainable agri-
culture, including advice about crop rotation and 

planting mixtures of plants together.

Take Action Now
Want to help protect orangutans? Consider making a donation or 
otherwise becoming involved with Borneo Orangutan Survival In-
ternational (www.savetheorangutan.org), an umbrella organiza-
tion for affiliated national groups that raise funds and otherwise 
support BOS programs in Indonesia. In the U.S., the BOS affiliate is 
Orangutan Outreach (http://redapes.org); links to all the member 
groups and additional information about the supported projects 
are available through the BOS Web site. You might also consider 
donating to the World Wildlife Fund (www.worldwildlife.org), 
which has also been instrumental in protecting orangutans.
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ered a loner, Smits is renowned for 
not publishing his research, including 
his doctoral dissertation from Wagen-
ingen University in the Netherlands. 
Skeptics of his forest reconstruction 
project cite his close association with 
Indonesian officials and timber ty-
coons and speculate about his mo-
tives. Orangutan conservationists say 
the project is too small to offer any-
thing but temporary habitat. Most 
would rather see the money go into 
conserving the existing but fast- 
vanishing habitat.

Among scientists, rain forest re-
construction itself raises even more 
fundamental questions. What if 
Smits and others successfully demon-
strate that they can turn devastated 
lands into multilayered stands sup-
porting a mixture of plant and ani-
mal species? In the eyes of developers and policymakers, will 
that then justify destroying existing rain forests? That’s what 
worries Francis E. Putz, a botany professor at the University of 
Florida. Even the most successful rain forest reconstruction will 
not come close to equaling a natural rain forest—not for at least 
600 years, he says. Reintroducing multiple species, removing in-
vasives and using compost can accelerate the process of forest 
succession. But it will take centuries for complex ecological in-
terrelationships to reestablish, and they will not necessarily mir-
ror the original ones.

“If you can restore something, you can destroy it and get it 
back. That becomes a smoke screen behind which the evil of de-
forestation continues,” Putz says.

Deforestation in Indonesia continues so dramatically that, at 
the current rate, all but 2 percent of its lowland forests will be 
gone by 2022, according to the U.N. report. This unprecedented 
pace has made Indonesia the world’s third-largest emitter of 
greenhouse gases, according to Erik Meijaard, an ecologist with 
the Nature Conservancy. Recognizing the impact of forest loss 
on orangutans, in December 2007 the Indonesian government 
launched an initiative to protect the endangered apes’ habitat. 
Among the programs it establishes are partnerships with timber 
concessions that allow some logging but prevent the conversion 
of one million forested hectares to oil palm plantations.

The plan, endorsed by interna-
tional conservation groups, can pre-
vent the total release of 700 million 
tons of carbon. Scientists and Indo-
nesian officials hope the emerging in-
ternational carbon-credit market 
among governments and industries 
will help fund it. If payments for 
avoiding deforestation become an of-
ficial mechanism in global climate 
agreements, carbon buyers can com-
pensate Indonesia for protecting its 
forests and orangutans. Combined 
with sustainable economic develop-

ment for Indonesia, this arrangement has triple-win potential, 
Meijaard says: “With some political will, it can soon be reality.”

After spending decades working with government programs, 
Smits is skeptical. He calls this plan and its predecessors “NATO: 
no action, talk only.” He is pouring his energy into Samboja Le-
stari, traveling the world to raise awareness and funds to finance 
his rain forest reconstruction. Smits is convinced that the local 
community’s commitment to the forest will restore and protect 
its biodiversity in a way no government plan can. “Make villag-
ers your partners, and nature will come back,” he says.

Reasons to Hope
The birds are already back: kingfishers, blue-throated bee eaters 
and 130 other species have found their way into these woods. 
Turtles, snakes and anteaters are showing up along with crab-
eating macaques. Even the climate is changing. Smits reports in-
creased cloud cover over the forested area has improved the rain-
fall by 20 percent and lowered the temperature by an average of 
five degrees Celsius. In the village, crime is down, and employ-
ment is up. Lovins, the renewable energy advocate, calls it con-
firmation of Mahatma Gandhi’s philosophy that if you look af-
ter the poorest, everything else will look after itself.

Leading a visiting group through young trees now two stories 
high, Smits radiates infectious enthusiasm. Swallows are swooping 
around a magnolia tree buzzing with bees. A barking deer has dis-
covered the forage and grazes quietly underneath a flowering gam-
har tree. In the distance a long-dead dipterocarp stands sentinel 
over this new green oasis. And when the lonesome long call of an 
orangutan punctuates the quiet conversation, Smits just smiles. It’s 
all the motivation he needs to keep on planting seeds. •

Jane Braxton Little is a writer and photographer based in 
 Plumas County, California. She is a contributing editor for 
Audubon and American Forests magazines.

Another refugee: The blue-
throated bee eater is one of 
about 100 bird species now  
residing in Samboja Lestari, 
much as its ancestors lived in 
Borneo’s original forests.

What if Smits and others 
successfully demonstrate that 
they can restore devastated 
lands? In the eyes of developers 
and policymakers, will that  
then justify destroying the  
existing rain forests?
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Tthe earth’s oceans, tugged by the 
moon and sun, ebb and flow over more 
than 70 percent of the planet. After fits 
and starts, researchers have developed  
a number of technologies to effectively 
harness some of that kinetic energy. Now 
a handful of entrepreneurs are trying to 
create a commercial market. 

Underwater Windmills
The most advanced demonstration oper-
ates at the bottom of New York City’s East 
River, which is actually a tidal channel. In 
2006 Verdant Power planted six wind-
mill-like turbines on the riverbed, under-
neath 30 feet of water, away from boat 
traffic. Each turbine, 16 feet in diameter, 
churns at up to 32 revolutions per minute 
to transform strong tidal forces into elec-
tricity. Despite initial setbacks—the river’s 
potent flow damaged some of the rotors 
and snapped some of the original fiber-
glass and steel blades—the company has 
kept two of the turbines operating, enough 
to attract $8.5 million in government 
funds for further development and testing.

To generate energy cost-effectively, 
Verdant’s turbines require tides that 
move at least six feet per second, and the 
East River is more than obliging. “Plus, 
New York is an expensive place to buy 
power,” says company president Trey 
Taylor, “so it would be easier here to 
prove that this could help.”

The East River site has the potential to 
support as many as 300 turbines. By 
2010 Verdant hopes to have 30 in place, 
with a combined capacity of one mega-
watt of energy (enough to support ap-
proximately 800 households). Taylor 
would like to eventually complete two 
fields of underwater turbines that provide 

up to 10 megawatts. Other 
opportunities abound 
around New York State, he 
adds. One estimate predicts 
as much as 1,000 mega-
watts of potential. The com-
pany is looking at sites in 
China and India, too. Next 
year Verdant also plans to 
test a new type of turbine in 
the St. Lawrence River, near Cornwall, 
Ontario, that will be heavily weighted on 
the seabed rather than moored, making 
removal easier when repairs are needed.

Other tidal companies have begun to 
follow Verdant’s lead. U.K.-based Lunar 
Energy is working with Korea Midland 
Power Company to create a giant, 
300-turbine field in the Wando Hoeng-
gan Water Way off the South Korean 
coast. The installation is expected to pro-

vide 300 megawatts of pow-
er by December 2015. And 
researchers at Florida Atlan-
tic University are developing 
designs that tap into the 
strong Gulf Stream off Flor-
ida’s shores. In September 
the U.S. Department of En-
ergy indicated it would pro-
vide $1.2 million over five 

years to advance the commercial viabili-
ty, cost-competitiveness and market ac-
ceptance of new technologies that har-
ness oceans and rivers.

The Water Snake
Tides, of course, manifest themselves as 
waves at the ocean’s surface, with help 
from winds. Pelamis Wave Power in Ed-
inburgh, Scotland, is looking to ride this 
rolling source of energy.

Turning the Tide
Several companies are trying to convert experimental 
ocean energy plants into commercial powerhouses

By Larry Greenemeier

Verdant Power
Site: East River,  
New York City
Technology: Two 
underwater turbines
Capacity: 66 kilowatts
Plan: 30 turbines  
by 2010
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Pelamis has built huge, 
floating tubes, each 427 
feet long and 13 feet in di-
ameter, weighing around 
750 tons. Each tube has a 
number of cylindrical sec-
tions that are connected 
by massive hinges. As the 
links rise up and down on 
the passing waves, they tug on the hinges 
between them, but hydraulic rams resist 
by pumping high-pressure fluid through 
motors that turn electrical generators to 
produce electricity. “Our machine works 
by reacting against itself,” says Max 
Carcas, business development director at 
Pelamis. The power is fed down a line to 
an undersea cable that runs to the shore.

The tubes function best above water 
that is 165 to 230 feet deep, roughly half 
the wavelength of open-ocean waves, 
which tend to be 330 to 460 feet from 
peak to peak. Waves lose energy once the 
water depth is less than half a wave-
length, Carcas says. The distance off the 
coastline to find such conditions varies 
but is typically 1.2 to 9.3 miles.

Pelamis, along with its business part-
ners, has placed three of the water snakes 
about three miles off Portugal’s northern 
coast. This first phase will provide up to 
2.25 megawatts of capacity and cost $13 
million. The company plans 25 more 
“wave energy converters” starting next 
year, which would increase the output to 
21 megawatts, enough to serve more 
than 15,000 Portuguese households, the 

company’s leaders estimate.
Although many renew-

able energy sources suffer 
from peaks and troughs in 
productivity, “we consider 
wave energy to be more pre-
dictable than wind,” says 
Phil Metcalf, Pelamis’s 
CEO. “You look at the 

ocean 1,000 miles out, you’ll get a good 
idea of what to expect over the next 24 to 
48 hours. We think it’s actually going to 
be easier to dispatch to the grid.”

How much it would cost consumers to 
buy ocean energy is unclear. Verdant’s 
Taylor says his company is at least two 
years away from being able to quote rates 
to potential customers. That said, a 
rough estimate for the underwater tur-
bines is $3,600 per kilowatt of capaci-
ty—somewhat higher than today’s  
fossil fuel or hydroelectric plants. Mass- 
production efficiencies could lower costs.

A smoother permitting process would 
help greatly. Securing the necessary per-
mits from the New York State Depart-
ment of Environmental Conservation 
and the U.S. Army Corps of Engineers 
for the East River demonstration took 
Verdant four years. And one third of the 
$9 million Verdant has spent on the proj-
ect went to studies to gauge the potential 
impact of the turbines on vessel naviga-
tion, aquatic life and fish migration. •

Larry Greenemeier is an associate  
editor for ScientificAmerican.com.

Ocean Motion
Engineers are also designing buoys 
that generate electricity from the 
ocean’s up-and-down motion.

Finavera Renewables in Vancouver 
has a contract to begin delivering two 
megawatts of power from such buoys 
to Pacific Gas & Electric by 2012. The 
AquaBuoys (below), as they are called, 
will float about 2.5 miles off the coast 
of Humboldt County, California. The 
up-and-down wave energy pressuriz-
es seawater inside that turns a turbine. 
Finavera also has a five-year operating 
license for a one-megawatt setup in 
Washington State’s Makah Bay and is 
looking to develop other projects.

In early December, U.S. research 
firm SRI International and Japan’s  
Hyper Drive Corporation planned to 
test the latest generation of their joint-
ly developed buoy off the coast of  
Santa Cruz, Calif. An accordionlike  
device inside expands and contracts, 
creating mechanical energy that is 
converted into electricity. SRI is hop-
ing to demonstrate its ability to gener-
ate at least 10 watts of power in 
waves about three feet in height, a 
stepping-stone to the 100-watt capac-
ity the researchers hope to be able to 
generate within a few years.

Pelamis Wave Power
Site: Portugal’s 
northern coast
Technology:  
Three floating tubes
Capacity: 2.25 megawatts
Plan: 25 new tubes, built  
beginning in 2009
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One of the earth’s enduring mysteries is 
the invisible process that ushers millions 
of monarchs from throughout North 
America to the protective woodlands of 
Mexico’s 217-square-mile reserve called 
Santuario Mariposa Monarca. The flight 
south occurs from August through the 
end of October. 

Because the journey exceeds the less-
than-two-month life span of the “sum-
mer” generation of the butterfly, no indi-
vidual completes more than part of the 
trek. The monarch’s chromosomal navi-
gational codes are somehow passed to 

offspring that take up 
successive phases of the 
journey. The winter gen-
eration may live up to 
seven months, however, 
and reproduces only after it 
starts heading back north during 
the Mexican spring. Subsequent, short-
lived generations then string together the 
rest of the journey.

The intricacies of this creature’s ge-
netic profile may be lost on many tourists 
who make their own winter trip to 
Michoacán, but no matter. “It’s more a 
spiritual experience,” says Fern Malow-
itz, a psychologist in Jacksonville, Fla. 
She describes her first steep hike in the 
hills of the popular El Rosario sanctuary, 
one of the reserve’s three refuges. “We 
were in dense forest, every inch of foliage 
literally blanketed in bright orange, like 
a huge, living tapestry.” The butterflies 
hang in near-motionless hibernation 
during December and January.

Malowitz and her husband first visit-
ed this kingdom of the butterfly as clients 
of Colorado-based Natural Habitat Ad-
ventures, a provider of ecosensitive tours 

worldwide that also claims to be  
a carbon-neutral travel company. 

Natural Habitat’s catalogue de-
scribes the sensory impres-

sion of monarchs taking 
flight in February and 
March, when they set off 

again to the north: “As the sun warms 
their black and orange wings, the butter-
flies fill the air, illuminating the entire 
area.. . .  Mexico’s sanctuaries are the 
only places in the world where you can 
actually hear butterflies’ wings beating.” 

Although monarchs also flutter in 
Russia, the Azores, Sweden, New Zea-
land and elsewhere, they enjoy the great-
est celebrity status in Mexico. Ancient 
Aztecs believed the butterflies were the 
souls of ancestors returning to the earth, 
cloaked as warriors. But the migration 
plays a serious role in the infrastructure 
of central Mexico, too. Numerous tour 
operators from the nearby village of An-
gangueo and cities such as Morelia and 
Mexico City provide excursions by 
truck, on foot and on horseback to the 
sanctuary’s three public areas: El Rosa-
rio, Sierra Chincua and Cerro Pelón.

EEvery winter Mexico hosts a pair of extraordinary migrations. One, 
a round-trip of 3,000 miles, brings the gaudy monarch butterfly 
from the northern U.S. and southern Canada to its winter refuge in 
the south-central state of Michoacán. There shafts of morning sun-
light pierce the forest as millions of silent visitors, each weighing 
less than a tenth of an ounce, cling to branches everywhere.

Seven hundred miles to the northwest, the 36-ton gray whale 
completes the southward leg of a journey from Alaska’s Bering and 
Chukchi seas to lagoons along the central shores of the Baja Califor-

nia peninsula. This pilgrimage, outbound and return, skirts 12,000 
miles of coastline—a feat generally accepted as the longest known 
mammal migration.

Each of these passages has created its own minor travel indus-
try; the layover sites for these vastly different creatures have become 
increasingly serious venues for responsible tourism. They offer natu-
ralists and ecotravelers serene beauty, a window into the marvel of 
long-distance migrations, and a glimpse at the stresses that impact 
two of the planet’s magnificent and endangered citizens.

The Behemoth 
and the Butterfly
Experience the awe of mass migrations 

By Jim Cornfield

Santuario
Mariposa
Monarca 

C A N A D A

U.S.

MEXICO

Kingdom of the Colorful
Monarch Butterfly Migration

SV
ET

LA
N

A 
LA

RI
N

A 
iS

to
ck

ph
ot

o 
(b

ut
te

rfl
y)

; L
U

CY
 R

EA
DI

N
G

-IK
KA

N
DA

 (m
ap

)

© 2008 SCIENTIFIC AMERICAN, INC.



w w w.Sc iAmEar th3 .com 75

The World Wildlife Fund and other 
conservation groups have expressed con-
cern about the migration, with good rea-
son. Although potential predators are 
few—the monarch is unpalatable and 
even poisonous to most would-be attack-
ers—its fragile morphology and compli-
cated life cycle make the insect vulnera-
ble to fluctuations in temperature and 
food supply. A 2002 migration was am-
bushed by a winter storm that killed 
about 80 percent of its population. And 
needless to say, human habitation, devel-
opment and commerce have added stress. 
Pesticides, ecology’s most prevalent 

Want to Go?
Best time: December and January for  
hibernation; February and March for takeoff 
to the north.
Maps, directions, public transportation 
and rules for visitors: www.wwf.org.mx/
wwfmex/ecot_mm_en.php
Tours: The pueblo of Angangueo, Micho-
acán, is close to the Santuario. Admission 
to the refuge is $3.50, but hire a tour guide 
near the entrance or in town.
For a luxury, guided adventure, consider 
ecotour operator Natural Habitat Adven-
tures. A six-day excursion from Mexico 
City (group size limited to 14) is $2,895 
(airfare not included): www.nathab.com/
latinamerica/monarchs-of-mexico
Lower-priced trips are available from com-
panies such as S&S Tours; four-, five- and 
six-day excursions from Morelia start at 
$820: www.ss-tours.com/guad_fits.htm
Butterfly facts: www.monarchwatch.org

Monarch butterflies  
hang in the El Rosario  

reserve in winter (top), 
then prepare for their 

spring migration  
north (bottom).
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E3 EcoTravEl

ogres, decimate milkweed plants—the 
exclusive diet of monarch larvae—with 
predictable efficiency.

But the major challenge to the mon-
arch’s Mexican migration is the illegal 
logging that somehow persists in this 
protected refuge. Visitors can see evi-
dence of encroaching open spaces from 
the trail to El Rosario. Biologist Chip 
Taylor, director of the educational out-
reach program Monarch Watch, reports 
that forest clear-cutting for lumber, live-
stock grazing and crop planting is dan-
gerously carving back the edges of the 
wintering habitat. In the past few de-
cades, Taylor says, the monarchs’ wood-
lands have shrunk by around 50 percent, 
and since the 1990s the butterfly popula-
tion has dropped by about 30 percent. 
Standing under an orange nimbus of flut-
tering monarchs wouldn’t be the moment 
to ask Taylor why we should care about 
this ornamental creature, aside from its 
obvious emotional value. Taylor’s answer 
is simple: that emotional bond is the rea-
son we should care.

“The monarch’s showy migratory be-
havior,” he explains, “makes it the ‘pan-
da bear’ of the insect world. One of its 
functions is simply to get our attention. 
When we see 25 million butterflies per 
acre, each hanging from a branch pro-
tecting the creature beneath it, we’re see-
ing a pageant of life and death in the nat-
ural world.”

That pageant, Taylor will tell you, 
“bears an important warning for how  
we treat the rest of our planet.”

As with the monarch butterfly, another 
regular Mexican visitor has become a 
public relations point man for the rest of 
the earth’s biota. The gray whale’s popu-
larity with nature buffs and tourists has 
earned it recognition as a member of the 
animal world’s celebrity elite, the charis-
matic megafauna.

Whaling ship crews first discovered 
dense pods of gray whales crowding 
bays and narrows along the Baja Cali-
fornia coastline during the mid-19th 
century. The ensuing slaughter lasted 
many years, until the entire population 

was nearly eradicated. The hunt was 
no free ride for whalers, however: 

cornered in shallows, protecting 
their offspring, the gray 
whales fought back violently, 
shattering boats and injuring 
sailors. The whaling men 
nicknamed their fierce quarry 
the “devil fish.”

Since the late 1970s the 
grays’ mating and calving 

grounds off the Baja peninsula 

have been designated permanent places 
of refuge, as well as a maritime tourist 
zone, all part of the El Vizcaíno Bio-
sphere Reserve. The whales can now 
conduct their breeding and calving ritu-
als unmolested. They also commune, 
sometimes at arm’s length, with hun-
dreds of commercial ecotourists who 
venture out in professionally skippered 
pangas (small boats).

Laguna San Ignacio, Scammon’s La-
goon (ironically named for an illustrious 
whaling skipper) and Magdalena Bay  
are the principal sanctuaries that permit 
such intimate access. The locales are fair-
ly remote but reachable by car from vari-
ous locations on the peninsula, such as 
La Paz or Loreto. To see the whales close 
up—these creatures can reach 50 feet  
in length—as they lift their enormous 
flukes, or “spyhop,” to inspect their  
surroundings, is a thrill few travelers 
ever forget.

To Minneapolis resident Sharon Toll, 
a recent visitor to one of the lagoons,  
yesteryear’s devil fish are anything but 

Domain of the Devil Fish
Gray Whale Migration

Laguna
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fierce. She remembers her skiff making a 
“gentle approach” to a mother whale and 
calf. “We were never intrusive,” she says, 
“and always left contact up to the 
whales. The female, who could have cap-
sized us with a flick of her tail, rubbed 
her back against our hull. It seemed al-
most affectionate.”

The impact of gray whale tourism on 
the native communities of Baja is largely 
positive. It conforms to a growing para-
digm: ecotourism, properly regulated, 
contributes to local infrastructure, and 
everyone benefits—visitors, scientists, 
residents and especially the animals.

In Baja, marine mammal expert 
Lorenzo Rojas explains that the fisher-
men, who must limit their activities dur-
ing the whale season, “understand well” 

that tourism income to the community 
from whale watching can equal or sur-
pass that generated by fishing. “They 
have adopted the gray whale as a symbol 
of their culture and their community,” 
Rojas says.

Ecologist Steven Swartz takes the 
view that gray whale conservation is a 
unique platform for studying the macro 
phenomena affecting the whales’ health 
and behavior. Recent observations of 
emaciated adults and calves, for exam-
ple, suggest negative effects caused by 
climate change in the gray whales’ north-
ern feeding grounds. As with the mon-
arch butterfly migration, there is a warn-
ing here as well. “To me,” Swartz says, 
“gray whales are sort of sentinels from 
the sea.”

Jim Cornfield is a veteran freelance writ-
er and commercial photographer based 
in Malibu Canyon, Calif.

Domain of the Devil Fish
Gray Whale Migration

The Urge to Travel
Animal migration is a mystery yet to  
be unlocked. Wildebeests, whooping 
cranes, some sharks, many insects, 
songbirds, even a strain of the humble 
slime mold are repeatedly driven to 
travel at some phase of their life cycle.

Migration is an adaptive trait, hard-
wired into a species’ DNA and vital to 
its survival. The origins of migration 
seem basic enough: mass movement in 
response to seasonal fluctuations in cli-
mate and food supply or to population 
pressure. But understanding the actual 
mechanisms of the behavior is tricky. 
Scientists have examined the sensory 
apparatus that allows a population to 
detect en masse the moment of equi-
nox for beginning a long trek (as 
monarch butterflies do) or to 
process complex navigational 
problems using landmarks, 
moon phases, odor, magnet-
ic fields and celestial clues. 
One bird, the indigo bun-
ting (right), uses a single 
star, Betelgeuse, as a 
reference point. Much 
more remains to be 
learned. —J.C.

Want to Go?
Best time: January and February.
Most accessible: Laguna San Ignacio and 
Scammon’s Lagoon (Ojo de Liebre).
Tours: Scammon’s is reached by car from 
Guerrero Negro. Malarrimo Eco-Tours has 
four-hour guided boat tours of the lagoon 
for $49: www.malarrimo.com
For Laguna San Ignacio, the plush choice 
is Natural Habitat Adventures. A six-day 
excursion features a desert coach ride 
across the Baja peninsula, beach accom-
modations and three days of guided 
whale tours. $2,495 (airfare extra): www.
nathab.com/latinamerica/whales-of-baja
For more modest options, consult Kuyima, 
a local ecological cooperative. Four- and 
five-day whale excursions from $495  
to $965: www.kuyima.com/whales/ 
index.html
Whale information: 
www.acsonline.org/factpack/graywhl.htm

Gray whale welcomes visitors along Baja 
California (above); another rises upward to look 
around, known as spyhopping (left).
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Your Life, Your ChoicesBy Dawn Stover

This Grass  
Is Greener
The next time you’re shopping for prod-
ucts made from wood or plastic, consider 
bamboo instead. The 
fastest-growing 
woody plant on 
the planet, bam-
boo is not just for 
pandas and Asian 
cuisine anymore. First 
came bamboo flooring 
and furniture; now the 
versatile grass is turning up 
in clothing, computer moni-
tors, surfboards, skis, and even 
biodegradable plates and uten-
sils. As a construction material, 
bamboo is light and can be harvest-
ed without killing the plant. Most 
bamboo today comes from Chinese 
plantations, but scientists are exper-
imenting with growing it commer-
cially in the U.S.

Winter Weatherproofing

For an average home in a cold climate, reducing 
home energy usage by just 15 percent saves the equiva-
lent of 500 pounds of coal a year. Even if your home is insulat-
ed, small cracks can add up to big losses. The following proj-
ects are not high-tech or expensive but can provide significant savings:

3 Hold a lit incense stick near doors and windows to find leaks, then caulk them. 
3 Add a storm door. 
3 Install weather stripping around doors and windows. 
3 Seal patio doors with rubber compression strips and door insulator kits. 
3 Seal entry points for TV, phone and water lines with expanding foam insulation.

Guilt-Free Christmas

Which is the greenest Christmas tree: artificial or 
real? Artificial trees, which are gaining in popularity 
(and even come in “upside-down” ceiling-mounted 
models), are typically made in China from nonbiodegradable 
plastics. Although they can last for years, they ultimately end up in 
landfills. Real trees are renewable, recyclable and biodegradable. The nearest  
recycling program can be found at http://earth911.org. To keep your carbon footprint  
to a minimum, look for trees that are grown organically and as close to home as possible.

Still feeling guilty about ending a young tree’s carbon-sequestering days? Another op-
tion is better still: a tree with its root-ball still attached. In Portland, Ore., revelers can rent  
a seven-foot tree from the Original Living Christmas Tree Company for $75. The company  

delivers the tree, picks it up a few weeks later, and sells it to 
parks departments, landscapers and others for planting. For 

possible services near you, try asking a local nursery. Do-it-
yourselfers can find instructions on how to purchase, trans-
port and plant a tree at www.livingchristmastrees.org. 
Right-side-up, preferably.

Dark Sky at Night

Artificial night lighting doesn’t just spoil 
star shows; it can confuse nocturnal  
animals and waste energy. The Interna-
tional Dark-Sky Association offers these 
tips for reducing light pollution around 
your home:

3  Choose the lowest possible wattage. A 
40-watt incandescent bulb (or a nine- 
to 13-watt compact fluorescent lamp) 
is sufficient for most outdoor uses.

3  Add shielding that points the light 
downward for any source brighter 
than a 100-watt incandescent.

3  For security applications, use motion-
sensor lights; they save energy and 
also draw attention to intruders.

Lowering your 
thermostat from 
72 to 68 degrees 

in winter can 
save you up to 

12 percent 
on your 

energy bill.
SOURCE: U.S. Department of Energy
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Quiz: Are You 
an Eggs-pert?
Match the egg label with the definition:

1. Cage-free

2. Free-range

3. Pastured

4. United Egg Producers Certified

A.  Hens are raised outdoors using 
movable enclosures.

B.  Each hen has at least 67 
square inches of cage space.

C.  Hens have access to the outdoors at 
some point in their lives but might 
not actually venture out there.

D.  Hens typically live inside crowded 
barns or warehouses.

Make the Call

Donating your old cell phone to a school, church 
or community group might seem like a win-
ning deal all around: you unload a piece of 
junk, the charity raises funds and a landfill is 
spared. Right? Maybe not. Many charities get 
paid to collect phones for middlemen who re-
furbish them for developing countries that lack mod-
ern landfills or recycling facilities, so the refried phones 
will end up trashing the earth anyway. To make sure 
your old phone doesn’t end up as e-waste, return it to 
a retailer or manufacturer or donate it to a program with 
a no-landfill policy. And the next time you’re in the mar-
ket for a phone, consider buying a “just like new” model. For recycling information, 
go to www.epa.gov/epawaste/partnerships/plugin/cellphone/index.htm

Think Inside  
the Box
Annual carbon dioxide emissions  
that could be avoided if 97 percent of  
U.S. wine made to be consumed 
within a year was sold in boxes instead 
of bottles: about two million tons. 

Annual carbon dioxide 
emissions of 400,000 
cars: about two 
million tons. (That’s 
right: the average 
passenger car emits about 
five tons of CO2 annually.)

SOURCES: www.DrVino.com; U.S. EPA

Smarter Seafood

Alaska salmon or Atlantic salmon? Skip-
jack tuna or bluefin tuna? Some seafood 
choices are more ocean-friendly than 
others, based on factors such as whether 
a species is abundant and whether it is 
fished or farmed in ways that harm other 
marine life. To help customers decide, 
both the National Audubon Society and 
the Monterey Bay Aquarium’s Seafood 
Watch program offer wallet-size guides. 
The latter, customized for each region of 
the country, is at www.mbayaq.org/
cr/SeafoodWatch.asp

Or try FishPhone, a project of the 
Blue Ocean Institute that allows you to 
send a text message with the word “fish” 
and the species name to the number 
30644. You will immediately receive  
a color-coded response: green means 
eat it, yellow means there may be prob-
lems associated with the species, and 
red means steer clear.

3IN ✗OUT
Alaska wild 
salmon

Atlantic or 
farmed salmon

Dungeness 
crab

King crab 
(imported)

Pacific halibut Atlantic halibut

Skipjack tuna 
(troll or pole-
caught)

Bluefin 
tuna

SOURCE: Monterey Bay Aquarium

Answers: 1D, 2C, 3A, 4B

The average 
American would 

do more to 
reduce global 

warming 
emissions by 
becoming a 

vegetarian than 
by switching 

to a hybrid car.
SOURCE: Carnegie Mellon University
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BuyingGreen
Stuff for Sustainable Living

Freeplay
human-powered flashlight

www.freeplayenergy.com
No need for batteries or an electrical outlet with 

Freeplay Energy’s Kito flashlight ($22). Turning the 
crank for one minute charges the torch with an 

hour’s worth of light. Available in several colors.

Etón
human-powered radio
www.etoncorp.com
Go off the grid plug-free, wire-free and battery-free with people-powered 
devices, ideal for camping, emergencies and daily use. Etón’s Microlink ($30) 
merges a portable radio with an LED flashlight and a cell phone charger, all 
powered by a hand crank. The gizmo comes equipped with an earphone jack 
for quiet listening and a USB port for those who just can’t leave their wires 
behind. Cranking for 90 seconds provides 30 minutes of radio use. 

By Susannah F. Locke
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Seventh generation 
recycled garbage bags
www.seventhgeneration.com
Our planet doesn’t need more plastic bags in 
landfills, but some brands are less burdensome 
than others. Seventh Generation’s kitchen bags 
are indeed plastic but are made of 55 percent  
recycled material. Retailers can be found online.

BioBag 
biodegradable garbage bags
www.biobagusa.com
BioBag’s sacks are constructed from cornstarch 
and other ingredients and will reportedly break 
down in your compost pile or the local dump. 
BioBag says its material even allows kitchen trash 
to breathe, cutting down on accumulated odors. 
Check the Web for retailers. Cost varies by store.
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How many lightbulbs
        does it take

to change an American?

It’s no joke: climate change is a critical issue for all life 
on Earth. But can the actions of one individual really 
make a difference? Visit nature.org to calculate your 
impact on the world around you and learn about steps 
you can take to make the world a better place for us all.

nature.org/calculate

TNC_How_Many.indd   1 10/17/08   4:41:03 AM
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Dr. Hauschka’s  
petroleum-free lipstick
www.drhauschka.com
Lips don’t have protective oil glands, so women who want to keep their 
lips moist and lovely often turn to lipstick, which is commonly made from 
petroleum or its by-products. Instead add color and conditioning with Dr. 
Hauschka’s Lipstick Novum ($19.95), available in four shades. It has shea 
butter and rose wax to protect dry lips. In addition, the lipstick features nu-
trient-rich argan oil, which Moroccan women harvest sustainably from the 
thorny evergreen ironwood tree. The argan oil market helps to preserve 
both a fair trade economy and the forests of southwestern Morocco.

Biokleen 
dishwashing detergent
www.biokleenhome.com
Dishwashing machines use about half the energy and a sixth of  
the water as scrubbing plates by hand with the water running. But 
most dishwasher detergents contain phosphates, which can throw 
water ecosystems out of whack by encouraging too much plant 
growth (think: lakes choked with algae). Biokleen’s phosphate-
free detergent uses an eco-friendly cleanser (sodium percarbon-
ate) and grapefruit seed to cleanse pots and pans. And Consumer 
Reports recently rated its cleaning power as best among so-called 
biodegradable cleaners. See Web site for retailers.

Moixa Energy
rechargeable batteries

www.usbcell.com
Rechargeable batteries might be environmentally preferable to dis-

posables, but because of their inconvenience (recharging them 
takes too long and requires a specialized charger), many people 

stick with tossing spent AAs into landfills. Moixa’s USBCells, how-
ever, can be handily recharged through the USB port of a computer 

or game station while those devices are on. The nickel-metal  
hydride AAs ($17.95 a pair) get fully juiced in about five hours  
and can be recharged hundreds of times, according to Moixa.  

The company plans to expand into cell phone batteries, too.
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Biology-Online.org

BrainBlogger.com
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Kill A Watt 
electric meter 

www.p3international.com
Is your old refrigerator energy-efficient? Does your TV draw 

standby power and, if so, does it draw a lot? The Kill A Watt por-
table electric meter from P3 International can tell you. Just plug it 

into the wall, then plug your appliance or electronics into the  
meter; the gauge will display in kilowatt-hours how much power 
is being consumed. You can also input your electricity rates and 

calculate how much it is costing to run the device. The meter,  
and others like it on the market, can check the quality of your 

electricity supply, too, by monitoring line voltage and frequency,  
indicating possible line problems. $18–$20 in stores. 

gDiapers
biodegradable diapers 
www.gdiapers.com
Twenty billion diapers end up in U.S. landfills every year, and some of 
their materials can take centuries (no exaggeration) to decompose. 
gDiapers have a cotton outer diaper and a biodegradable liner. The 
liner can be flushed down the toilet and will dissolve; the cotton  
outer “pant” can be washed for repeated use. Alternatively, the  
company says the soiled liners can be composted and will break 
down in less than 150 days; explaining that ripe pile to the neighbors 
is up to you. Starter kit, $26.99; 128 liners, $52.
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Films 
Environmental 
Film Festival ▲ 
The 17th annual romp in 
Washington, D.C., takes place 
March 11–22, 2009. Last year’s 
event drew more than 24,000 
people and featured 120 movies.
www.dcenvironmentalfilmfest.
org/home.php

Earth Cinema Circle
This DVD club offers four films 
with an environmental theme ev-
ery other month, shipped carbon-
neutral and in recycled packaging.
www.eccfilms.com

Tools
Water Smarts
You know your carbon footprint, 
but how about your water foot-
print? Find out how much water 
you use just to eat a roast beef 
sandwich every day for lunch.
www.waterfootprint.org

Offset the Dog 
Discover ways to green your 
pets: how to keep ticks off 
naturally, where to find eco-
friendly pet products and how to 
offset Fido’s carbon emissions. 
http://planetgreen.discovery.
com/go-green/green-pets 

Online Games
Green Your Brain
See how much eco-trivia you 
know—and add some of your 
own for other players.
www.greenmybrain.com

Cool Pursuit
Race to turn off all the appliances 
left on by E. Mission, the arch 
nemesis of Snowy the snowman, 
as you try to keep mountain slopes 
covered with the white stuff.
www.keepwintercool.com.au

Books
Eco Connection
Eco Books, an online indepen-
dent bookseller, specializes in 
books about ecology and the  
environment, covering everything 
from the politics of food  
production to simple living. 
www.ecobooks.com

Transition to 
Sustainability
Consider some big ideas for how 
the world can build a sustainable 
future, presented in this free 
downloadable book from the  
International Union for Conser-
vation of Nature. 
www.iucn.org/resources/
publications/index.cfm 

Inspire Kids
Three children’s books have won 
the 2008 Green Earth Book 
Awards—the nation’s first prize 
for environmental stewardship  
in children’s literature. 
Winners are:

•  Winston of Churchill: 
One Bear’s Battle 
against Global Warming 
by Jean Davies Okimoto 
(Sasquatch Books). 
Prize for children’s fiction. 
A fearless polar bear unites 
other bears to save their 
melting Arctic habitat.

•  The Light-Bearer’s 
Daughter 
by O. R. Melling 
(Amulet Books). 
Prize for young adult fiction. 
A girl embarks on a mystical mis-
sion in the name of environmen-
tal protection and world peace.

•  The Down-to-Earth 
Guide to Global Warming ▼  

by Laurie David and  
Cambria Gordon (Scholastic).  
Prize for nonfiction. 
An Academy Award–winning 
producer provides tips to com-
bat global warming.

Winners of the fifth annual 
awards will be announced in  
January 2009. 
www.newtonmarascofoundation.
org/index.cfm 

Activities 
Biking Around ▼
A helpful list of links provides 
bike maps and other cycling  
resources throughout the U.S. 
and Canada.
www.transalt.org/files/resources/
mapsother.html

Exhibit Earth
Climate Change: The Threat to 
Life and a New Energy Future is at 
the American Museum of Natural 
History in New York City through 
August 16, 2009, before traveling 
to  Europe, Asia and other parts  
of the world. 
www.amnh.org/exhibitions/
climatechange

Citizen Science
Amateur scientists can help re-
searchers generate data across 
the country and can even start 
their own projects. Check out the 
list of nearly 100 activities, in-
cluding the Fish Survey Project 
and Visibility Volunteers, who 
measure air quality. The Cornell 
Lab of Ornithology provides  
all you need to know at www.
birds.cornell.edu/citscitoolkit. For 
budding botanists, beginning in 
early spring help scientists track 
when plants bud and flower to  
record the effects of climate 
change in the BudBurst program. 
www.windows.ucar.edu/ 
citizen_science/budburst  
 —By Rachel Mahan

E3 RESOURCES

Edge of Eden: Living with Grizzlies, 
shown at the 2008 Environmental Film Festival
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The Greenery Overhead
California Academy of Sciences

looking like a quirky, rolling landscape out of a dr. seuss book, the green roof is  
literally the crowning achievement of architect Renzo Piano’s new California Academy of Sciences 
building in San Francisco. Every element of the structure has been designed with sustainability in 
mind, in keeping with the academy’s mission—“to explore, explain and protect the natural world.” 
The academy boasts that its $500-million home, which holds a platinum rating for Leadership in 
Energy and Environmental Design (LEED), is “the greenest museum in the world.”

Its many facilities include a natural history museum, an aquarium, theaters and a four-story min-
iature rain forest. Most of the construction consists of recycled materials, even down to the blue jean 
denim insulating the walls. Floor-to-ceiling windows offer expansive views of neighboring Golden 
Gate Park and naturally illuminate 90 percent of the occupied spaces. A solar canopy with 60,000 
photovoltaic cells generates up to 10 percent of the electricity, which helps the building consume 
about 35 percent less power than federal guidelines require.

Yet the 2.5-acre living roof is what best integrates the building into its parkland surroundings. 
Six inches of soil insulate the rooftop and nourish 1.7 million plants growing there. The louvered 
skylights open automatically on hot days for light and ventilation, while the sloping parts of the roof 
funnel cool air down to a central piazza. Learn more at www.calacademy.org  —John Rennie

ROLE MODEL
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We’re defined by what we
pass on to the next generation.
That’s why ConocoPhillips
is working with Rebuilding
Together to help homes
and communities across our
country become energy
efficient. In the process, we’re
teaching our children about
the importance of giving
back and making better use
of energy supplies. So we can
pass on what matters . . . to
the ones who matter most.

begins
today.

Tomorrow
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