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Recently, the CEO of Duke Energy, an electric utility that derives 
over 40 percent of its total power generation from nuclear 
power, challenged investors and environmentalists: “What is 

the more pressing problem, concern about nuclear or concern about 
climate change?”  A passionate debate has erupted about whether 
environmentalists and social investors should drop their long-held 
opposition to nuclear power in order to help 
avert catastrophic changes in the global climate.  
Some prominent figures in the environmental 
movement have bucked their own no-nuke 
tradition.  They argue that nuclear power plants 
don’t emit heat-trapping greenhouse gases and 
that safety, weapons proliferation, and radioactive 
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Young girl gathers firewood in Madagascar, where wood burning is a 
primary fuel source in many homes.

•

Investment in the energy sector can confront 
investors with tough decisions, and much 

opportunity.  In this edition of View from the 
Common we present aspects of the energy 
debate that are particularly relevant to socially 
concerned investors.
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Christopher Flavin

Conventional wisdom has long held that an 
energy revolution is virtually impossible: the 
markets are so large, the capital require-

ments so daunting, and the lead times so long, that 
only slow change is possible—the same thinking 
that led IBM to neglect the personal computer in 
the 1980s and Western Union to decline Alexander 
Graham Bell’s offer to invest in the telephone in the late 19th 
century.

If there was ever a time when a disruptive shift in energy 
technologies was possible, it is now: skyrocketing oil prices and 
concern about global warming are reaching new highs simul-
taneously.  Time Magazine has declared that the debate over 
climate change is over, while President Bush calls for action to 
combat America’s “addiction to oil.”

Significantly, these developments come at a time when sev-
eral pivotal new energy technologies are poised for large scale 
commercial deployment.  From solar energy to wind power and 
biofuels, costs have fallen and reliability has improved to the 
point where they are on the verge of be-
ing competitive.  And some 48 countries 
and 25 U.S. states now have laws that 
promote renewable energy.

The market for renewables is boom-
ing—attracting $38 billion in invest-
ment in 2005 according to the latest 
Worldwatch estimate.  And these have 
become high-growth industries—closer 
to the growth rates for mobile phones 
than for fossil fuels.   Last year, biofu-
els production increased 20 percent, 
wind power capacity rose 24 percent, and solar cell production 
jumped 45 percent—compared with a 1.3 percent rise in oil 
consumption.

  One of the exciting things about this new energy boom is 
that it is a global phenomenon.  Germany and Spain have made 
Europe the market leader in wind power.  Brazil has led the way 
in converting to biofuels—replacing 40 percent of its gasoline 
with sugar cane derived ethanol.  India has large and growing 
wind power and biogas industries, while China is number one 
in solar water heating and small hydropower.  And even the 
United States, which fell behind in the 1990s, installed more 
wind turbines than any other country in 2005

These are truly “disruptive” technologies—fundamentally 
different from the large, centralized power plants and refineries 
that dominated the 20th century.  The new energy technologies 

are relatively small and modular, benefiting from the 
economies of mass production in ways that coal-fired 
never could.  As with televisions or computers, the cost 
of renewable energy technologies comes down steadily 
as the scale of manufacturing increases—the rule of 
thumb is a 10 percent cost decline each time the mar-
ket doubles.

Rooftop solar cells that turn sunlight directly into 
electricity are the best example.  Worldwide production 

of solar cells is now doubling every two years—faster than the 
production of mobile phones.  Larger and larger factories are 
driving down costs, while companies invest heavily in everything 
from technology to produce thinner wafers of silicon to nano-
technology innovations that could “leapfrog” today’s solar cells.

Among the large companies that have made major commit-
ments to renewable energy in the past few years are BP, General 
Electric, Mitsubishi, Shell, Siemens, and Sharp.

But much of the excitement these days is with small- and 
medium-sized companies that are the engine of innovation.  
Companies like Q Cells, a German solar firm, Vestas, a Dan-
ish wind company, and Iogen, a Canadian company that turns 

agricultural wastes into ethanol, are 
attracting market attention.

Next to the Internet, new energy 
technology has become one of the 
hottest investments for venture capital-
ists.  Among the big names who have 
announced plans to invest their own 
money in the sector in recent months 
are Richard Branson, Bill Gates, and 
Vinod Khosla.  China’s richest man, 
Zhengrong Shi—with a net worth 
of $2.2 billion according to Forbes 

Magazine—is the founding CEO of Suntech, a five-year-old solar 
company.  

These are exciting times for energy investors.  Faced with 
opportunity in a segment of the market with a 35 percent share 
that is growing 1.5 percent annually (oil) and a sector represent-
ing 2 percent of the market that is growing 30 percent annu-
ally (renewable energy) investors have more choices than ever 
before.

Christopher Flavin is President of the Worldwatch Institute, a leading 
source of information on how to achieve the transition to an environ-
mentally sustainable and socially just society.  He is co-author of Power 
Surge: Guide to the Coming Energy Revolution.  Geeta Aiyer, President 
of Boston Common, serves on the Board of the Worldwatch Institute. 

Energy: The Perfect Storm 

If there was ever a time when 

a disruptive shift in energy 

technologies was possible, it is now: 

skyrocketing oil prices and concern 

about global warming are reaching 

new highs simultaneously. 
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Praveen Abichandani

Some experts suggest that we have 
reached “peak oil”, and global oil 
production will soon begin to fall.  

Others claim that new technologies will 
allow us to tap new, geologically-complex or 
low-quality oil reserves from the deep waters 
off West Africa to Canadian tar sands.  From 
an economic perspective, both arguments 

speak to the same underlying problem: the era of cheap, easily ac-
cessible, high-quality “conventional” oil has reached its apex.  The 
massive fields bubbling with sweet, light crude that were discov-
ered and exploited in the 20th century have entered or soon will 
enter states of decline.  The transportation sector alone accounts 
for over 60 percent of U.S. oil consumption, and there are currently 
no major alternative transportation fuels.  If we wish to sustain our 
current level of energy consumption and grow it as we have in the 
past, we must develop oil sources that previously appeared imprac-
tical or seek out alternative transportation fuels.  These projects 
will require greater cost and innovation than we are accustomed 
to, which will support energy prices substantially above historical 
levels.      

The crux of the problem is that for a long time we have con-
sumed more oil than we have been able to discover.  The discovery 
of new oil reserves peaked in the 1960s.  Relative to the rate of 
new discoveries, we have been depleting these reserves for about 
20 years.  To some extent recoverable oil estimates have increased 
due to advances in extraction methods, but there are geological 
limits to these advances.

The geological limits are amply represented by the example 
of the U.S., which reached its own “peak oil” some thirty years 
ago.  The late Dr. M.K. Hubbert, a towering figure in the field of 

petroleum geology, correctly predicted that oil production from the 
contiguous 48 U.S. states would peak in the early 1970s.  Dr. Hub-
bert applied geological principles from his work in U.S. oil basins to 
model the production profile of the U.S. as a whole.  He observed 
that after a certain proportion of oil is drawn from a well, the 
pressure in the underground rock formation begins to ebb and the 
oil rises to the surface ever more slowly.  Dr. Hubbert’s projections 
and actual U.S. production are presented in the preceding graphic.  
After production peaked in the 1970s, U.S. energy firms developed 
new extraction methods to improve recovery, such as three-dimen-
sional seismic imaging and horizontal drilling.  As the graphic 
shows, these technologies at best delayed peak production and 
slowed its decline, but could not meaningfully alter the long-term 
trend Dr. Hubbert had predicted.

If the relationship between production and depletion that Dr. 
Hubbert observed in the U.S. applies to all the world’s giant oil 
fields, many of them should be past or nearing peak production.  
The offshore fields near the United Kingdom and in the North Sea 
began production in the 1960s and 1970s, reached “Hubbert’s 
Peak” in the 1990s, and have experienced rapid rates of annual 
decline over the last five to ten years, in spite of the application of 
technology.  The grey area is the Middle East, where government-
owned oil companies keep key data locked up as state secrets.  The 
biggest player is Saudi Arabia, which has nearly one quarter of 
the world’s proved oil reserves.  In Saudi Arabia, four or five major 
fields have produced 90% of the nation’s oil output over the last 
40 years.   Saudi production is currently the same as in the late 
1970s, and some analysts suggest that output from Saudi Arabia’s 
largest field has peaked.

When production peaked in the U.S. thirty years ago, we were 
able to maintain our oil-driven lifestyle by importing increasing 
quantities of crude from other places with less exploited, more 
plentiful reserves.  However, when production peaks globally, there 

Continued on page �

Can Technology Rescue Us From Declining  
Oil Production?

Hubbert’s Model of Oil Production, Actual Oil Production and Price,
and Oil Wells Drilled, Contiguous United States, 1900 – 2004

Hubbert’s model,  
predicted oil production

Actual oil production  
n pre-Hubbert
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Solar

The primary components of a solar power system are silicon-
based photovoltaic (PV) modules that convert light into an electric 
current.  According to the U.S. National Renewable Energies 
Laboratory, if these modules were installed on all buildings in the 
U.S., we could in theory derive 40% of our total electricity needs 
from solar power.  

Prompted by state and federal regulation, in recent years utility 
companies have offered programs that allow end users to route 
their excess day-time solar power generation from a home, office, 
or industrial site onto the electricity grid, and get paid a market 
rate for doing so.  As a result, warehouses and shopping malls are 
building 50-kilowatt systems into their rooftops to power their 
operations (at a cost of about $350,000), and environmentally-
conscious folks are buying two-kilowatt units for the roof at home 
($18,000).  

Government policies have fostered this industry by supporting 
the demand necessary to drive improvements in technology and 
manufacturing efficiency.  Japan and Germany have led the way.  
Although the U.S. federal government provides no significant solar 
power funding, a number of states do.  Principal among them is 
California, which offers a rebate on solar power that covers roughly 
30% of the retail cost, as well as a 7.5% tax credit.

The major obstacle to broad-based solar power adoption is its 
comparative cost.  Even in a Mediterranean climate with bounte-
ous sun, the installed cost of a solar panel to a residential consum-
er over the panel’s 20-25 year life is about 38 cents per kilowatt-
hour of electricity.  Large-scale commercial and industrial facilities 
can generate solar power for 22 to 28 cents per kilowatt-hour.  
In comparison, the nationwide average retail price of electricity 
is only eight cents per kilowatt-hour.  As the scale of production 
increases, the cost of manufacturing photovoltaic cells is falling, 
gradually narrowing this cost disadvantage over time. However, 
barring unexpected technological breakthroughs, large-scale solar 
power remains a couple of decades from cost competitiveness.

Biomass

For most of human history, biomass has been civilization’s prima-
ry energy source, and it still is in much of the world today.  Biomass 
is plant matter used for fuel.  Traditionally, people have burned bio-
mass – principally wood or animal dung – in the home to produce 
heat.  “Modern Biomass” merely transplants this ancient heat-gen-
erating process to an electricity-generating turbine in a power plant 
or to a combustion engine in a vehicle.  Biomass holds particular 
promise because it isn’t subject to the fluctuations in productivity 
of wind power or solar energy, and it doesn’t have the site-specific 
limitations of wind and geothermal power.  However, large-scale 
biomass production is a potential strain on the land, water, and soil 
required to produce, process, and transport fuel crops. 

The most promising growth area for biomass currently is ethanol, 
a transportation fuel and potential gasoline substitute.  Ethanol is 
a fermented alcohol distilled from crops such as corn, wheat, switch 
grass, or sugar cane.  In 2005, the U.S. produced about four billion 
gallons of ethanol, equal to about 3% of the U.S. gasoline supply.  
The U.S. has recently instituted a requirement that all gasoline be 
blended to 10% ethanol in order to replace MTBE, a potentially 
harmful gasoline additive.  The new regulations and the spike in 
gasoline prices have ushered a boom in ethanol plant construction.  
Other gasoline-ethanol blends, such as E85, an 85% ethanol mix, 
are growing in popularity.  There are already six million “flex-fuel” 
vehicles on U.S. roads that can run on such mixtures, but many 
of their drivers don’t even know it.  Also growing in popularity is 
ethanol’s near cousin biodiesel, a modified vegetable oil that can 
run a diesel engine.

The primary critique of ethanol is its “net energy balance”, a 
measure of how much energy it contains relative to how much is 
required to produce it.  Thermodynamic studies of U.S. corn ethanol 
production have reached divergent conclusions regarding whether 
ethanol’s net energy balance is positive.  Since it provides storage 
and portability, ethanol could be a viable transportation fuel even 
with a negative net energy balance (gasoline’s energy balance is 
negative).  But ethanol production can’t be a self-sustaining process 
if it has a negative net energy balance; it would depend upon other 
energy-generating processes, which at present would be fossil fuels.

While net energy balance studies have focused on U.S. corn etha-
nol, Brazilian sugar cane ethanol, which is subject to U.S. tariffs, is 
considerably higher-yielding, cheaper, and more efficient.  Brazil 
has promoted ethanol since the 1970s through incentives to build 
ethanol infrastructure and cars, mandates for blending ethanol into 
the fuel supply, and price subsidies.  Ethanol currently represents 
40% of Brazil’s domestic market for transport fuel.

Across government and industry, there is great hope for technolo-
gies that can produce ethanol from cellulose materials, such as 
cornstalks or switch grass, which are cheap and abundant.  These 
technologies aren’t economically viable at present, but are receiving 
considerable investment.     

Thirty thousand square feet of PV panels grace the roof of the 
Moscone Convention Center in downtown San Francisco. When com-
bined with other newly installed energy efficiency measures, this solar 
power should save the convention center about $210,000 a year. 
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waste problems can be managed.   
In my view, framing the debate as ‘nuclear or else’ misrepresents 

the fuller set of choices available to us.  Many viable options for 
reducing greenhouse gases from electricity generation now exist 
that were not even conceived of when the first reactors went online 
in the 1950s.  Today, the world can attain reliable energy and 
lower emissions without nuclear power’s attendant baggage: highly 
radioactive spent fuel, problematic waste storage sites, international 
policing, and nuclear weapons proliferation concerns.  

A key global need is to reduce total greenhouse gas production 
as soon as possible.  Substituting nuclear fuel for coal or other fossil 
fuel generated energy would reduce 
greenhouse gas emissions of the electric 
power sector.  Electric power currently 
accounts for 33 percent of total U.S. 
greenhouse gas emissions and about 
20 percent of total global emissions.  
Nuclear power provides about 16 percent 
of the world’s electricity and makes up 
six percent of the world’s total energy 
consumption. However, nuclear power is 
not a zero emissions power source; the 
nuclear fuel cycle emits greenhouse gases 
via uranium mining, milling, enrichment, 
fuel fabrication, and disposal of spent 
fuel. 

The highly radioactive wastes produced as a by-product of 
nuclear power generation present a danger to human and 
environmental health for thousands of years.  One “solution” to 
the waste problem is to recycle and reprocess spent fuel rods into 
new nuclear fuel. This route, however, creates a grave problem 
of its own—separation of weapons-usable material in the fuel 
reprocessing cycle.  Concerns about proliferation have effectively 
sidelined the reprocessing solution, at least in the U.S.  A second 
possible solution to the nuclear waste problem is permanent 
geologic isolation and storage.  The U.S. chose this path in 
the 1970s, and a politicized selection process identified Yucca 
Mountain, Nevada, as its preferred storage site.  But 30 years later, 
roughly 50,000 metric tons of U.S. spent radioactive fuel rods 
are stored at relatively insecure nuclear power plants in pools of 
cooling water or in dry concrete casks.  Due to unresolved political 
and technical obstacles they have yet to be stored in the federal 
government’s designated waste repository.

In 2004, Robert Socolow and Steven Pacala, co-directors of 
the Carbon Mitigation Project at Princeton University, introduced 
the concept of “stabilization wedges,” or strategies, to reduce 
global greenhouse gas emissions.  Each wedge, or strategy, uses 
commercially existing technology that, when fully implemented, 
would reduce carbon emissions by one billion metric tons per year 

by 2055.  The thirteen strategies they propose include biofuels, 
power from renewables, energy efficiency, nuclear power, and 
synthetic fuels with carbon capture and storage.  If we were to 
implement seven of the thirteen possibilities, atmospheric carbon 
concentrations would fall to levels scientists believe would avert the 
worst possible outcomes of global climate change.  Each strategy 
is massive and difficult in its own way, but the nuclear option is 
just one of many.  Using current designs, it takes about a decade 
to bring a new nuclear power plant online. The faster and cheaper 
options are improved energy efficiency and conservation. 

The nuclear “stabilization wedge” requires doubling total 
production of the world’s existing 441 nuclear plants.  This single 
wedge would address one seventh of the total minimally necessary 
emissions reductions.  A recent study by the Natural Resources 

Defense Council estimated that reliance 
on nuclear power to avert a 0.2 degree 
Celsius warming would require a near 
tripling of current global nuclear capacity 
within 40 years.  Such an undertaking 
would require 1200 nuclear power plants, 
15 new fuel enrichment plants and 
either 14 Yucca Mountain-sized waste 
repositories or 50 reprocessing plants. 
Construction of these facilities would cost 
almost $3 trillion, a bundle of money 
that could be better spent pursuing 
cleaner energy alternatives.  The U.S. 
experience suggests that site selection 
and construction of the required number 

of new waste repositories is a near political impossibility.  When 
the nuclear waste problem is truly solved, nuclear power could 
become a viable option for power generation in a carbon-restricted 
economy.

The reality is that nuclear energy trades one set of externalities 
for another: greenhouse gas emissions for highly radioactive 
spent fuel rods.  Society need not choose between the two. We do 
recognize that the new infrastructure required for some non-nuclear 
strategies is daunting. For example, the stabilization strategy for 
wind power requires building one million two-megawatt turbines 
versus the 30,000 equivalent currently in operation.  Yet, given 
the environmental and proliferation concerns that continue to 
afflict the nuclear fuel cycle, my view is that more versatile and 
flexible non-nuclear strategies – such as end-use energy efficiency 
improvements, industrial waste-heat cogeneration, and wind and 
solar electricity – are a better place to invest limited capital.

Steven Heim is Director of Social Research and has worked to advance the 
field of SRI for almost 15 years.  Steven is currently co-chair of the Global 
Warming Working Group at ICCR and reported on the commissioning of 
the Diablo Canyon Nuclear Power Plant for local California radio in the 
1980s.  Steven holds two Bachelor of Science degrees from Massachusetts 
Institute of Technology.

Nuclear negatives
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In my view, framing the debate as 

‘nuclear or else’ misrepresents the 

fuller set of choices available to us.  

Many viable options for reducing 

greenhouse gases from electricity 

generation now exist that were not 

even conceived of when the first 

reactors went online in the 1950s.
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will be no such alternative.  From year to year, the oil markets will 
roil with the unstable and unseemly geopolitics of oil producing 
countries.  Iraqi production may wax or wane; the Russian and 
Venezuelan regimes may change their oil taxation policies or na-
tionalize resources; impoverished Nigerians may temporarily cripple 
their country’s oil infrastructure.  But in the long run, geology 
will dictate the tradeoff between how much we can produce and 
what it costs to produce it.  Even if Saudi Arabia can increase its 
production in the next three to four years at the rate the country’s 
oil minister projects, the increase will not be sufficient to meet 
the current rate of global demand growth.  Oil prices will have to 
rise until either we choose to use less or it becomes economical to 
provide more from places that didn’t previously seem worthwhile 
– tar sands, deep waters, and small wells.  These “unconventional” 
sources will represent the marginal supply of oil, and the cost of 
producing from them will set the global price.

My research indicates that the current marginal supply of oil 
is coming from mature basins in North America, and the cost of 
producing the marginal barrel exceeds $60.  Production costs in 
this region have increased in recent years at 8-10 percent per year, 
as producers have directed ever more advanced drilling technolo-
gies to exploit ever smaller wells.   Demand could rise faster than 

the annual trend line of 1.5 to 2.0 percent annually, as the Indians 
and Chinese, who comprise more than one third of the world’s 
population and consume one seventeenth of the oil per person 
that Americans do, continue their pace of economic growth and 
industrialization.  This phenomenon has been a critical source of 
strain in oil markets over the past few years.  Demand also could 
level off, eventually, if high prices lead energy consumers to up-
grade their fuel efficiency and explore alternative fuels.   

Overall, the giant oil fields that powered global transportation 
in the 20th century are reaching peak production, and a grow-
ing proportion of the world’s energy will have to come from other 
sources.  Over time this will drive the development and dissemi-
nation of more advanced hydrocarbon extraction technologies, 
encourage investment in unconventional sources, provide incen-
tives to improve energy efficiency, and create an environment in 
which alternative energy technologies become more cost competi-
tive.  While there will be considerable costs associated with this 
transition we believe well-directed policies can drive a sustainable 
market solution.

Praveen Abichandani has 15 years of investment analysis experience and 
spent the last seven years as an equity analyst at Fidelity Investments, 
Citigroup Asset Management, and most recently at a hedge fund. He 
has conducted research on the geology of oil fields and brings particular 
insight to the investment committee on conventional energy sources.

Oil Production
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These charts depict the share of global energy 
derived from each of the world’s major sources 
(width of bar) and the estimated cost range of 
producing from each source, converted to dollars 
per kilowatt hour (height of bar).  The cost figures 
include only internal economic costs, and would 
be materially different if adjusted for sustainabil-
ity and environmental impact.  The share we de-
rive from these sources is changing over time, as 
the growth of natural gas and nuclear outpaces 
oil and coal, and renewables grow rapidly off a 
small base.

In addition to the information charted here, it’s 
useful to distinguish between the varying applica-
tions of these energy sources.  Petroleum is largely 
a transportation fuel, and the other major energy 
sources can’t readily substitute for its uses regardless of their cost and sustainabil-
ity.  Coal, natural gas, nuclear, and hydroelectric are primarily used for electricity 
generation.  Traditional biomass is used in cooking and home heating, while mod-
ern biomass is primarily used in industrial processes, but also includes ethanol and 
wood-fired electricity generation.  The cost ranges reflect the varying applications 
and site- or scale-specific features of these sources.
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