Acid Rain

Category: Environmentalism.

Summary: Precipitation having acidic properties
due to its lower pH value is called acid rain. It is
caused when water vapor reacts photochemically
with volatile sulfur oxides and nitrogen oxides.
Acid rain usually has a pH of less than 5.6.

Acidic liquids and gases are corrosive and can
harm people and other animals when they breathe
in smog or come into contact with acid rain. The
level of pH in an acid rain may reach 2, which is
sufficiently acidic to damage life and property
significantly. For example, acid corrodes exposed
metal covers, rocks, sculptures, and buildings,
leading to accelerated deterioration. Acid precipi-
tation discolors materials by oxidation. It disrupts
aquatic ecosystems and kills wildlife in lakes, riv-
ers, and streams; damages soil and tree roots,
leaving roots unable to draw in enough nutrients
to support the tree; and turns the leaves of trees
brownish-yellow, such that trees can no longer
carry out photosynthesis properly. Birds can be
harmed if they live in affected waters or feed on
fish living in affected waters. Acid rain reacts with
copper or lead pipes to harm humans drinking

water from them. It also washes aluminum into
the water supply.

There are many examples of the effects of acid
rain: In Sweden, drinking water once was so con-
taminated by acidic precipitation that people’s
hair turned green. In the Czech Republic, many
trees lost all their leaves as a result of acid rain.
The Taj Mahal in India, one of the wonders of the
world, is constantly threatened by acid rain. Some
famous statues, such as the Lincoln Memorial and
Michelangelo’s statue of Marcus Aurelius, have
started deteriorating because of acid rain. In Lon-
don in 1952, very thick acid smog killed approxi-
mately 4,000 people.

Some indirect effects of acidic emissions are
related to climate change. As a result of the air pol-
lution related to the emissions that cause acid pre-
cipitation, the climate is also affected; atmospheric
temperature is raised by direct or indirect reactions.
If the climate gets warmer, it affects human health
by causing more extreme weather conditions, such
as increased incidence and severity of hurricanes
and flooding, leading to deaths and property dam-
age. Another effect resulting from a warmer climate
is the spread of a variety of insect-transmitted dis-
eases such as malaria and bilharziasis. Research
shows that small particles in the air caused more
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than 350,000 premature deaths within the 25 coun-
tries of the European Union in 2000.

Other indirect effects include toxic ground-
water, permanent sterilization of land, acidic soil
conditions, deforestation, and bioconcentration
resulting from the ingestion of food from affected
sources as well as biomagnification as ingestion
occurs up the food chain—for example, when
people eat fish caught in affected lakes or rivers.

There are a few positive effects of acid rain, if
the acidic condition is mild with low concentra-
tions. For example, nitric acid that is produced by
the photochemical reaction from the atmosphere
fixes aerobic nitrogen into the soil and thus raises
soil fertility.

Chemical and Historic Origins
In the atmosphere, according to the chemistry
of precipitation, volatile gases mixed with the air
in minute concentrations. The most common of
these volatile gases are oxides of sulfur (SO,) and
nitrogen (NO,). However, because of human activ-
ities, such as the burning of fossil fuels and gaseous
effluents from industrial production, these oxides
are increasing. When these oxides come into con-
tact with water vapor, a photochemical reaction
causes droplets of acid known as acid rain.

Sulfur oxide reacts with the OH™ of H,O and
changes into sulfurous and sulfuric acid, as fol-
lows:

SO, + OH = HOSO,
HOSO, + O, = HO, + SO3

Nitrogen oxide reacts with the OH" of H,O to
form nitric acid:

NO + O; 2 NO, + O,
NO, + O; > NO; + O,
NO, + NO; = N,0O,
N,O; + H,O = HNO;

When clouds are present, the loss rates of SO, and
NO, are greater than can be explained by gas-phase
chemistry alone, as a result of reactions in the liquid
water droplets. Acidic deposits have been detected

in glacial ice thousands of years old in remote parts
of the globe. However, the current problem of acid
rain can be traced back to the 18th and 19th cen-
turies, during the Industrial Revolution. It was dis-
covered in the 1950s and its effects became notice-
able in the 1960s. In 1984, almost half of the trees in
the famous black forest in Germany had been dam-
aged by acid rain. Several places around the world
are particularly affected by acid rain, including the
northeastern region of the United States, the south-
eastern region of Canada, Central Europe, Scandi-
navia (Sweden, Norway, and Finland), India, and
China—especially in areas where concentrations of
power plants and factories cause large-scale air pol-
lution with SO, and NO, gases.

Anthropogenic Versus Natural Causes
Anthropogenic refers to human-caused events or
phenomena, which contribute significantly to acid
rain. One common anthropogenic cause of vola-
tile sulfur and nitrogen oxides is industrial emis-
sions from factories and power plants that burn
fuels such as natural gas, coal, and oil. The exhaust
emitted by burning these fuels contains sulfur
dioxide, an oxide of sulfur. Also, vehicles that have
gas engines produce oxides of nitrogen, another
cause of acid rain. A third major anthropogenic
contributor to acid rain is home fires, which give
off smoke that contains sulfur dioxide.

By contrast, natural emissions account for only
about 10 percent of the pollution that causes acid
rain. The major natural occurrences that contrib-
ute acid-producing gases to the atmosphere are
emissions from volcanoes. For example, extremely
high amounts of acid rain and fog occur around
the Laguna Caliente crater of the Pods volcano,
with an acidity level (pH) of 2. Another natural
source of emissions is rotting plants in swamps,
wetlands, and oceans, which give off sulfur diox-
ide. The major biological source of sulfur-contain-
ing compounds is dimethyl sulfide.

Possible Solutions

In the 1988 Transboundary Air Pollution Agree-
ment, 24 nations agreed to some rules limiting
nitrogen oxide emissions to 1987 levels. By 1990,
the United States had passed the Clean Air Act
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amendments, which set rules to cut the release of
sulfur dioxide from power plants down to 10 mil-
lion metric tons by January 1, 2000.

However, laws that set standards cannot, alone,
keep people from creating sources of acid rain.
There must be other solutions as well. One is to
use fuels that burn more cleanly. Another is to
burn coal more efficiently. Power plant and factory
chimneys can be fitted with scrubbers that release
90-95 percent sulfur-free smoke and also produce
sludge from which gypsum, a building material,
can be produced. The enforcement of tight emis-
sions standards on vehicles that burn gas and die-
sel fuel is crucial: Automobiles have been fitted
with catalytic converters to minimize the amount
of sulfur dioxide in car exhaust. We can cut back
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on car use by walking, cycling, using public tran-
sit, and carpooling. We can also reduce emissions
by conserving energy: for example, turning off
electrical devices, such as lights and computers,
when they are not in use.

One of the most important methods of lim-
iting the effects of acid rain, and of pollution in
general, is to raise people’s level of awareness by
projecting our future, given present emissions
levels. The public’s awareness of the variety of
problems associated with air pollution—includ-
ing those caused by acid precipitation—as well
as ways they can personally address these prob-
lems through behavioral changes such as those
described above, will help drive efforts to limit
the human activities that cause acid rain and to

Dead and dying trees in Great Smoky Mountains National Park in Gatlinburg, Tennessee. The park receives the highest sulfur
and nitrogen deposits of any monitored national park, which saturate the ground not only as acid rain but also as dry particles
and cloud water. At high elevations, park soils are also experiencing advanced nitrogen saturation from airborne nitrogen.
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take action against polluting countries under a
common protocol.
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Advertising
and Marketing

Category: Business of Energy.

Summary: Electricity generation in the United
States is dominated by fossil fuels and nuclear
power, which make up almost 90 percent of

the total electricity produced. Despite calls to
transition away from reliance on fossil fuels and
nuclear power, this transition is happening slowly.

There is tremendous inertia in energy production
and distribution systems: For technical and eco-
nomic reasons, it is difficult to create significant
shifts in how people get and use energy, and these
shifts will most likely take a long time to occur.
However, there are also important social and polit-
ical factors that support this inertia. These factors
often have less to do with statistics, and more to do
with the kinds of stories told about energy produc-

tion and use. Broadly speaking, such narratives—
which include those produced through advertis-
ing and marketing—tend to encourage continued
reliance on fossil fuels by normalizing their use,
making them seem both natural and necessary.
Conventional source energy companies rely on
this normalization, and support it through the use
of multimillion-dollar advertising and marketing
campaigns that argue for the economic and politi-
cal importance of fossil fuels to industrialized soci-
ety. Advertising and marketing campaigns for fos-
sil fuel companies tend to emphasize the national
and economic benefits that accrue from status quo
energy systems and de-emphasize the negative
social, political, and environmental costs of energy
extraction, distribution, and consumption. Adver-
tising and marketing for renewables and other
alternatives, on the other hand, tend to emphasize
the environmental and social gains from energy
transitions, but may de-emphasize technical or
economic drawbacks, glossing over the difficulties
inherent in transitioning away from fossil fuels.

Fossil Fuels, Advertising, and Marketing

In some ways, the purpose of advertising and
marketing campaigns for fossil-fuel-based energy
companies is similar to that of advertising and
marketing campaigns for any company: to sell
products. However, energy companies differ from
other types of companies in significant ways,
which affects the kinds of advertising and market-
ing they create. First, energy companies rarely sell
their products directly to consumers; petroleum
companies may sell their gasoline at particular
gas stations, but the path from oil extraction to
pump is anything but linear. Similarly, it is rare for
electricity consumers to be able to choose from
among a suite of coal companies, for example,
when switching on the lights in their homes. As a
result, energy companies often design advertising
and marketing campaigns, not simply to sell prod-
ucts, but rather to preserve their “social license”
to operate, which can be defined as maintaining
the good will of particular communities, munici-
palities, or regions in which they operate. For this
reason, advertising and marketing campaigns are
often closely connected to the concept of “cor-
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porate social responsibility, or the
responsibility that corporations have
or profess to have in promoting the
public good.

Second, fossil-fuel-based energy
companies in particular differ from
other types of companies in that they
rarely need to manufacture demand.
A clothing company needs to con-
vince consumers that the kinds of
shirts they are producing this season

corporations have both a responsi-
bility to engage the public in policy
discourse, but also that they have a
significant amount of social, politi-
cal, and economic power to shape
the kinds of discussions about energy.
Ironically, this political and narrative
power is often invisible to the public.
Furthermore, major shifts in energy
production and consumption must
occur at least in part on a large scale

are fundamentally different from the
shirts the consumer purchased last
season, and are therefore necessary.
Advertisements thus create demand
by playing on the consumer’s insecu-
rity about not belonging because he
or she does not have the most cur-
rent type of shirt, as described on the
“Story of Stuftf” Website. Car com-
panies, cosmetics companies, even fast food com-
panies—all must manufacture demand in this way
by using advertising to cater to the desire to fit in
and feel good. Corporations allot significant bud-
gets to marketing departments, which figure out
how best to sell items, ranging from the specific
organization of store shelves to featuring stars who
can best convince people to buy what they “need”
Energy companies, on the other hand, are not in
the same position; Chesapeake Energy’s natural
gas is not more “attractive” or “in” this season than
it was last season. There is always a need for elec-
tricity, and energy systems are so entrenched that it
is easiest to simply do what has always been done:
get energy from fossil fuels such as coal and petro-
leum. According to Vaclav Smil in Energy at the
Crossroads, changing to different kinds of energy
promises to be a long-term and complex process.
Further complicating things is the fact that most
Americans do not understand where their energy
comes from—energy production and distribution
supply lines are mostly invisible to the average con-
sumer—and systems of energy production and dis-
tribution are not set up to enable consumer choice
on an individual scale, as noted by authors Benja-
min K. Sovacool and Marilyn A. Brown in Energy
and American Society. This means that energy

Reddi Electricity
debuted in 1926
and was licensed as
a “spokesman” by
more than 300 power
companies worldwide.

in order to effect meaningful change,
so advertising and marketing cam-
paigns for conventional energy com-
panies tend to consist of broad ideo-
logical appeals regarding how things
are or should be, or address particular
discourses that are politically relevant
at a particular time.

Third, energy companies must use
advertising and marketing to counteract negative
public opinions of their practices, or to conceal
or de-emphasize those practices. Since the 1970s,
environmental, public health, and consumer pro-
tection groups have launched effective campaigns
critical of energy industry practices; more recently,
documentary films such as Gasland (2010)—
which is deeply critical of hydrofracturing for
unconventional shale gas—and 7The Last Moun-
tain (2011)—critical of mountaintop removal
coal mining—have gained national attention and
are supported by matrices of nongovernmental
organizations (NGOs), Websites, and educational
materials. Energy corporations—most of which
have massive public relations budgets—are tasked
with effectively responding to environmental,
social, and public health critiques, while continu-
ing to preserve a public image that gives share-
holders confidence, supports lobbying efforts, and
preserves status quo dependencies on dominant
forms of energy production.

This puts fossil fuel industries in the position of
constantly being on the defense; they must present
themselves as deserving public trust, while at the
same time managing public relations for disasters,
controversies, and suspicion. Some scholars, such
as Richard E. Crable and Steven L. Vibbert, have
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pointed to this public suspicion of energy compa-
nies as extending back to the oil supply crisis of
the 1970s, if not to the long history of trust vio-
lations before that, and exacerbated by large-scale
environmental disasters such as the 1989 Exxon
Valdez spill in Prince William Sound and the 2010
BP Macondo well blowout in the Gulf of Mexico.
To make things more complex, many companies
engage in positive environmental and social work
that merits praise, making it hard to discern genu-
ine claims of responsibility from “greenwashing”
All of this takes place in a contested social and
political space in which the future of energy devel-
opment is murky at best: Even discerning and criti-
cal consumers would find it difficult to navigate
this terrain in search of the truth.

Petroleum Case Examples:
ExxonMobil and BP
Oil and gas production and distribution are mul-
tinational and even global endeavors, albeit with
some significant local consequences. Most of the
world’s petroleum is controlled by the Organiza-
tion of Petroleum Exporting Countries (OPEC),
largely made up of countries from the Middle East,
northern Africa, and South America. Outside of
OPEC, the Supermajors are publicly owned cor-
porations that control approximately 6 percent of
the world’s petroleum supply and constitute multi-
national corporations operating around the world;
these Supermajors include companies that many
in the United States might refer to, in derogatory
fashion, as Big Oil: BP, Chevron, ExxonMobil,
Shell, and Total. In addition to these companies,
a group of corporations referred to as the Seven
Sisters, made up primarily of Asian and Russian
companies, is fast gaining power. There are also
countless smaller companies involved in oil and
gas corporations around the world, with varying
degrees of relationship to the Supermajors.
Although the Supermajors’ advertising and mar-
keting campaigns differ from one another in some
ways, for the most part, they share approaches in
common, many of which can be typified by Exxon-
Mobil’s public relations strategies. ExxonMobil is
the largest of the Supermajors and is the second-
largest corporation in the world by profit. The cor-

poration’s most visible public moment came in the
wake of the Exxon Valdez spill, though it has also
been troubled by public perceptions that it is unusu-
ally greedy or manipulative, distorting gas prices at
the pump in order to boost profits. In recent years,
ExxonMobil has embarked on a long-term televi-
sion advertising campaign called Energy Solutions.
According to communication scholars Emily Plec
and Mary Pettenger, the campaign constitutes both
a coordinated, formal response to public environ-
mental concerns following the Valdez disaster, and a
type of greenwashing, an attempt to highlight some
of the company’s small environmental stewardship
and renewable energy programs. The Energy Solu-
tions campaign focuses on ExxonMobil’s research
in biofuels, suggesting that the corporation is a
world leader in renewables research. ExxonMobil
thus deftly attempts to direct the television viewer’s
attention to a framing of the company’s activities
that emphasizes small, environmentally beneficial
research and virtually conceals the company’s main
focus, which is large-scale fossil-fuel extraction.
Similar efforts were expended by British Petro-
leum’s (BP) Beyond Petroleum campaign, appear-
ing in print and television ads in recent years,
which has touted the company’s renewable energy
research program, its smallest energy sector. Sym-
bolized by a green and yellow sunburst or helios,
with the words “British Petroleum” giving way
to the words “Beyond Petroleum,” the campaign
was supported by the corporation’s controversial
CEO John Browne, who promised a new direction
given public concern over climate change. Unfor-
tunately, the company’s efforts behind the scenes
of the campaign did not support a long-term
renewable energy research strategy, particularly
beyond the term of Browne, who left BP in 2001.
This campaign could be viewed in a particularly
cynical fashion, in retrospect, given the BP-owned
Macondo well blowout in 2010, which spilled mil-
lions of gallons of oil into the Gulf of Mexico.

Natural Gas Case Example: ANGA and

the Response to Gasland

Natural gas exploration has only recently come to
be seen by the public as separate from petroleum
exploration: In practice, most petroleum companies
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are also in the business of natural gas extraction.
However, public attention to natural gas extraction
in particular has dramatically increased since the
release of the 2010 American political documen-
tary Gasland. Gasland is a narrative documentary
focusing on the local impacts of a novel kind of gas
extraction, called “hydrofracturing” by industry
experts or “fracking” by the media and activists.
Although the technologies used in hydrofracturing
shale deposits to extract hard-to-get natural gas
have been in use for some time, the scale and pace
of extraction has increased dramatically in the last
decade. Opponents of fracking insist that the pro-
cess uses too much water, potentially contaminates
water supplies, fouls the air around wellheads, and
poses significant explosion risks. Proponents of
hydrofracturing argue that the practice is funda-
mentally safe and tightly regulated, and provides
jobs and energy independence.

Following the public attention garnered by
Gasland, the American National Gas Alliance, or
ANGA, intensified its marketing and advertising
efforts on television and in print. These campaigns
emphasized the “clean” nature of natural gas and
in particular emphasized the importance of natu-
ral gas in ensuring American energy independence
and providing jobs. Similarly, the Independent
Petroleum Association of America launched a cam-
paign called Energy in Depth. Energy in Depth and
ANGA coordinated responses to Gasland, includ-
ing online video shorts, debunking fact sheets, and
other educational or promotional Web content.
The Energy in Depth campaign has been instru-
mental—along with Gasland—in deeply politiciz-
ing the hydrofracturing debate in the United States,
as described by Jan Schneider and Allison Knaak.

Coal Case Example: Clean Coal Campaign

The coal industry is in an interesting transitional
moment; for years, the supremacy of coal in pro-
ducing electricity in the United States went rela-
tively unchallenged. Coal-fired power plants pro-
duced half of all electricity in the United States
for decades, and produces significant amounts of
power in China and elsewhere. It is considered
one of the United States’ most abundant and inex-
pensive fuel sources. However, it is also viewed

as one of the dirtiest fuel sources, contributing to
fine-particulate air pollution, climate change, and
the degradation of water quality. Furthermore, it
is facing economic challenges as the availability of
easily accessed, high-efficiency coal has decreased
and the price of natural gas has significantly fallen
due to hydrofracturing. Finally, it is facing sig-
nificant environmental challenges as the Environ-
mental Protection Agency has threatened to regu-
late emissions from coal-fired power plants.

The pressures on the coal industry to respond to
environmental concerns led to its clean coal cam-
paign in the 2000s, largely supported by the indus-
try’s public relations arm, America’s Power. The
meaning of “clean coal” is contested, but the clean
coal campaign emphasizes technologies, many of
which are still unproven, that could make coal-
burning more environmentally friendly. Above all,
however, the campaign falls back on more typical
industry claims about the importance of coal for
ensuring energy independence and affordability.
The campaign received a significant amount of
attention when America’s Power produced a 2008
video by the Clean Coal Carolers, animated pieces
of coal singing about the benefits of coal to the tune
of “Frosty the Snowman.” The video immediately
went viral. Environmentalist organizations quickly
responded with their own humor-themed Inter-
net videos and television commercials intended to
debunk the myth of clean coal.

Messaging for Renewables and Alternatives
The picture for renewable and alternative energy
companies is somewhat different. Nuclear power
has alongand complex history in the United States,
and while the nuclear industry invested significant
efforts in hyping the glories of nuclear power for
the first three decades or so of its existence, more
recent efforts have been aimed at measured educa-
tional efforts via detailed online Websites, such as
that hosted by the World Nuclear Association, and
particular interventions in media coverage around
controversial nuclear issues or disasters, such as
the disasters at the Fukushima Daiichi plants in
Japan in 2011. Other than some targeted utility-
sponsored public relation campaigns, nuclear
power’s advertising and marketing efforts have
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been less visible in recent years than fossil fuel pro-
ducers! Most Americans might be surprised and
perhaps discomfited to learn that approximately
20 percent of U.S. electricity comes from nuclear
power plants. The industry benefits from a lack of
visibility and therefore a lack of controversy.
Wind, solar, geothermal, and other renewable
forms of electricity generation, on the other hand,
must take an active approach to public relations
campaigns. They are selling both a product and
an idea. Unlike in the case of coal-fired power, for
example, the wind industry needs to sell consum-
ers a particular product: the wind turbine. It aims
to sell turbines and the value of wind power in gen-
eral to communities, businesses, and governments.
The same holds true for solar panels, solar thermal
heating systems, and ground-source heat pumps
(GSHPs). While petroleum companies don’t have
to sell consumers on the idea of using a pump to fill
their vehicles with gas, solar companies must con-
vince consumers to put panels on their roofs, and
at a time when the cost is often prohibitive, returns
on investment may be slow to materialize, or con-
sumers are opposed to renewable energy for ideo-
logical purposes. These companies must sell their
product and convince consumers and decision
makers that status quo reliance on fossil fuels is no
longer desirable. For these industries, marketing
and advertising are crucial, but perhaps of second-
ary concern when compared with the importance
of the lobbying efforts and policy reforms needed
to support these industries’ competitiveness when
compared with the dominance of fossil fuels.

Case Example: Wind Power and

the Pickens Plan

Wind power is steadily growing in terms of abso-
lute electricity production in the United States
and around the world, although its total percent-
age share of production remains small, in the sin-
gle digits. Wind turbines produce electricity that
is more cost competitive, on average, than power
produced by solar panels, and the turbine is fast
becoming a symbol for renewable power produc-
tion in general. Yet, like its fossil fuel counterparts,
wind power has not escaped controversy. Initia-
tives to site wind farms in scenic locations, such as

off the shore of Nantucket Sound, have met with
stiff local resistance, and concerns about safety
and noise pollution have also emerged. Scholars
such as Miranda J. Brady and Salma Monani have
pointed to the need for wind turbine farms to be
developed with particular attention to procedural
and distributive justice in order to avoid the public
relations and environmental problems fossil fuel
companies have faced, and to develop this form of
energy in a democratic and just fashion.

Wind campaigns in the United States typi-
cally invoke similar rhetoric, as do other forms of
energy production: They emphasize the contribu-
tion that wind power can make to energy indepen-
dence, job growth, and environmental sustainabil-
ity. Such claims were central to the advertisements
funded by Texas oilman T. Boone Pickens, who
supported wind in grandiose terms in 2008 as part
of an overall energy strategy (the Pickens Plan)
linking natural gas production to wind: In his
vision, natural gas production would provide clean
baseload power and wind would provide supple-
mental supply. Pickens emphasized the rhetoric
of self-determination and independence in televi-
sion ads strategically aired in advance of the 2008
presidential elections. The plan was later criticized
for being self-serving, given Pickens’s tremendous
investments in both natural gas and wind produc-
tion. In terms of specific advertising and market-
ing campaigns, one key difference distinguishing
wind’s messaging strategies from fossil fuel strate-
gies is the centrality of the wind turbine. Presented
as sleek, high-tech, safe, and clean, turbines point
to a host of symbolic meanings that are meant to
appeal to audiences invested in a clean and green
energy future. Fossil fuel advertisements rarely
feature oil derricks or slurry impoundment ponds,
while wind advertisements make the technology—
and all it stands for—central.

JEN SCHNEIDER
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Afghanistan

Official Name: Islamic Republic of Afghanistan.
Category: Geography of Energy.

Summary: Energy production in Afghanistan is
multidimensional but predominantly thermal.
Hydropower generates most electricity.

For many Afghans, particularly for those living in
Afghanistan’s largest city, Kabul (with an estimated
population of 5 million), refuse such as paper, card-
board, plastic containers, and rubber tires are a
major source of cooking and heating fuel. Because
Kabul is surrounded by tall mountains, air tends to
move slowly through the region. As it hovers over
the city, toxins released from the burning of refuse
blend with smoke from smoldering charcoal and
kindling wood harvested from trees felled in the
deciduous mountain forests of eastern Afghani-
stan and western Pakistan. Added to this blend are
unfiltered smoke of hot coal, most likely hand-dug
from dilapidated mines in western Afghanistan;
exhaust from thousands of diesel and lead gas-
burning generators providing electricity for shops

and homes; emissions from kerosene lamps for
lighting; fumes from the relatively recent influx of
automobiles; and the dusty silt of the dry steppes.
After the fall of the Taliban in 2001, the new gov-
ernment of the Islamic Republic of Afghanistan
established an environmental protection agency
that was soon paralyzed by corruption and warfare.

Hydropower

The importing of hydroelectric power holds the
greatest promise of relieving Kabul of its danger-
ous smog. The Ministry of Energy and Water, along
with Da Afghanistan Breshna Sherkat (the national
electricity utility), is working with Afghanistan’s
central Asian neighbors to the north in an effort
to bring reliable, inexpensive electricity to Kabul
and to other major cities and rural areas. Tajiki-
stan, Turkmenistan, and Uzbekistan have perfect
environments for dam construction—high peaks
and V-shaped valleys with suitable rainfall and
snowmelt that continue to form crumpled drain-
age basins. The most significant engineering feat of
the post-Taliban era is the building of 1,389 giant
transmission towers with arms bearing double-cur-
rent wires that run from Uzbekistan up and around
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The Dodarak power plant in the village of Dodarek, in
Nangarhar Province, Afghanistan, brought electricity to
1,200 residents for the first time in May 2009.
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the rugged Hindu Kush Mountains and down to
Kabul to deliver up to 300 megawatts of electric-
ity. These natural features mark Afghanistan’s land-
scape as well, although several years of drought
have dampened prospects for large-scale projects.
Nevertheless, the country has benefited from its
own hydroelectric dams, particularly the construc-
tion of microstations built on small rivers in rural
areas, each of which can produce tens of kilowatts
of renewable energy off the grid while giving locals
responsibility for management. In 2009, 39 percent
of Afghanistan’s electric output came from indig-
enous hydropower. Still, most in the capital city and
elsewhere depend on thermal sources of energy.

High-voltage power lines also extend from
Afghanistan’s other neighbors supplying electricity
to the northeast and southeast power systems. The
countries of central Asia produce about 42 percent
of Afghanistan’s electricity. Much of the funding for
building this infrastructure came from the United
States, India, and the Organization of Petroleum
Exporting Countries’ Fund for International Devel-
opment, among other sources. Another hydro-
power initiative, called the Central Asia South Asia
Regional Electricity Market (CASAREM), is in the
works. The aim is to build a 466-mile (750-kilome-
ter) high-voltage direct current (HVDC) transmis-
sion system that will distribute 1,300 megawatts
of electricity from Kyrgyzstan through the central
Asian republics and then to Pakistan via Afghani-
stan. The Asian Development Bank, Islamic Devel-
opment Bank, and World Bank see this as an
opportunity not only for regional economic devel-
opment but also for political integration, which will
enhance social stability in countries suffering from
grinding poverty and political violence.

Natural Gas

By all accounts so far, Afghanistan has a modicum
of fossil fuels, and, of that, natural gas forms the
bulk. Although the Soviets attempted to subdue
the country between 1980 and 1989, they engi-
neered the development of a natural gas industry
in the north-central region. They estimated that
below the steppe, compressed between rock strata,
were up to 462 billion cubic feet (141 billion cubic
meters) of gas. By the end of the 1970s, 36 million

cubic feet (11 million cubic meters) per day were
pipelined to the Soviet Union, making natural gas
Afghanistan’s leading export at the time.

Since 1980, the country has been ravaged by
conflict, and pipelines more or less shut down.
Only a few “wildcats” have risked life and capital to
rehabilitate gas production or even attempt further
estimates of the country’s oil and gas reserves. The
latest is that proven gas reserves contain about 16
billion cubic feet (5 billion cubic meters). Besides
the lack of infrastructure, security, and govern-
ment accountability, the weak demand for gas in
Afghanistan constitutes a major drawback for
investment, even though the country consumed
65 million cubic feet (20 million cubic meters) in
2007. Also, the economics of transport to energy-
hungry Pakistan, India, and Bangladesh may not
be beneficial, unless it is Turkmenistan gas tran-
siting through Afghanistan to Pakistan in a 934-
mile- (1,500-kilometer)-long pipeline that could be
extended to India, the economic tiger of Asia. This
ambitious project would tap into Turkmenistan’s
massive reserves, employ thousands of Afghans,
and add millions of dollars to the country’s gross
domestic product from transit fees. The approved
plan awaits investors.

Thirty million people live in Afghanistan, and on
average each one now consumes 35 kilowatt-hours
of electricity; the global average is 3,000. If peace
reigns in Afghanistan, averages will surely rise.
The “trillions of dollars” of minerals—iron, copper,
cobalt, and gold—discovered will need more of the
master resource to make this heralded catchphrase
a financial reality. Also, the country has large
deposits of lithium, a metallic mineral used in bat-
teries made for computers, cell phones, and other
electronic devices. As the so-called Saudi Arabia
of lithium, Afghanistan may one day become the
energy font for the technological revolution.

KEN WHALEN
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Agricultural Revolution

Category: History of Energy.

Summary: Changes in agriculture were made
possible by changes in energy technology and
have had a dramatic impact on levels of global
energy consumption.

On a fundamental level, agriculture is about
human access to energy. As heterotrophic organ-
isms, humans cannot fix energy from sunlight;
rather, we rely on photosynthetic plants to feed
ourselves and the animals we eat. Since plant
and animal domestication was first adopted in
the Proto-Neolithic period (the early Stone Age,
roughly 9000 to 7000 B.C.E.), agriculture has been
transforming not only how we feed ourselves but
also how we organize society. Agriculture has
proceeded through three revolutionary stages,
from the first domestication of plants and ani-
mals to the latest innovations in industrial
and biotechnology, and these changes in food
production are closely linked with changes in
energy production. An understanding of the his-
tory of agricultural practice and the contempo-
rary global agricultural market system is there-
fore central to the study of energy resources and
technologies.

The First Agricultural Revolution
The first agricultural revolution was a transi-
tion from nomadic hunting-and-gathering sys-

tems to sedentary agrarian systems based on the
domestication of certain plant and animal spe-
cies. Food-producing techniques were developed
independently in five broad geographic regions—
the Middle East, South Asia, China, sub-Saharan
Africa, and the Americas—based on a common
set of technological preconditions: grindstones to
mill grains, granaries to store seeds and food, and
fire. Fire, fueled with wood and charcoal, enabled
early humans to provide heat and light and, for
the first time, to cook food, which increased its
digestibility and expanded the range of plants and
animals that could be eaten.

The use of fire was also an agricultural break-
through, for it allowed for the clearing of forests
on a large scale in order to create fields. This prac-
tice of burning a new site, called swidden or slash-
and-burn cultivation, releases valuable nutrients
into the soil, particularly potash (water-soluble
potassium salts), which leaches from the ashes of
woody plants.

As agricultural practices spread around the
populated world from the five hearth areas
defined above, they had a transformative impact
on the organization of society. A sedentary life-
style and the production of surplus food allowed
for larger family sizes and higher population den-
sities, prompted systems of rights over land and
resources, and enabled the specialization of labor.
As different human populations developed spe-
cialized workers and more advanced tools and
crafts, they also began trading and bartering with
one another, laying the foundations for our mod-
ern economic system. The first agricultural revo-
lution represents three major transformations
in the history of human energy use. First, it was
driven by innovations in energy technology in the
form of fire. Second, it featured the concentrated
production of energy in the form of biomass. As a
result of crop cultivation and animal herding, a far
greater number of people could be supported by
a given plot of arable land. Third, the emergence
of settled villages created new types of cultural,
economic, and political relationships that set the
stage for urbanization, technological innovation,
and other key factors in modern energy consump-
tion and production.
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An Egyptian painting, ca. 1200 B.C.E., of a farmer plowing in the burial chamber of Sennedjem, who lived during the
reigns of Egypt’s 19th Dynasty. Egyptians tended crops of wheat, barley, vegetables, and fruit like figs, melons, and
pomegranates. The domestication of plants and animals represents the first phase of the agricultural revolution.

The Second Agricultural Revolution

The second agricultural revolution was a tran-
sition from subsistence peasant agriculture to
commercial capitalist farming. Although many
important changes in agriculture occurred in dif-
ferent places as part of this transition, the second
agricultural revolution was, in many ways, ush-
ered in by the Industrial Revolution in the mid-
18th century in England and Western Europe.
Prior to this period, farmers were predominantly
peasants who produced food for their own house-
holds and in service to a feudal lord. With the
rise of an industrialized manufacturing sector
and the creation of an urban industrial workforce
came the development of a commercial market
for food. The integration of agricultural produc-

tion into a market economy led to a breakdown
of the feudal landholding system, yielding a new
agrarian system based on private-property rela-
tions. Enclosed, individually owned parcels of
land, often worked by tenants or renters, replaced
communal lands and farming practices.

As a result of the dramatic social and economic
changes in the wake of the Industrial Revolution,
transformations of agricultural practices and rural
life spread quickly from Europe to other parts of
the world. Food production escalated and yields
of crops and livestock increased, producing an
unprecedented surplus with which to feed growing
urban populations. Innovations in transportation
technology—particularly the steam engine loco-
motive and improved canals and railways—made
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it possible to move food faster and farther than
ever before, and the production of greater food
surpluses catalyzed international patterns of agri-
cultural trade. Other technological innovations
included the horse-drawn iron plow, the mechani-
cal seeder, and the threshing machine, all of which
facilitated increased crop yields. The application
of fertilizer began to accelerate in the 19th cen-
tury, first with the application of Peruvian guano
(bat feces), which was imported in large quantities
to fertilize English fields, and later with synthe-
sized chemical phosphate, potassium, and nitro-
gen. Some of these innovations, chemical inputs
in particular, would not become widespread until
centuries later. However, the industrialization and
commercialization of food production reinforced
the advance of a capitalist economic system that
was just emerging during the 18th century and
today permeates everyday life around the world.

The second agricultural revolution marks a shift
to increasingly energy-intensive forms of agricul-
tural production. Whereas early agriculture relied
exclusively on solar energy, fertilizer produced
naturally through ecosystem cycles, and, later, on
the harnessed energy of domesticated plowing
animals, industrialized agriculture relies heav-
ily on fossil fuels to synthesize chemical inputs,
to fuel mechanized planting and harvesting, and
to transport agricultural products. These trends
escalate during the third agricultural revolution as
agriculture becomes increasingly integrated into a
global market economy.

The Third Agricultural Revolution
The third agricultural revolution began in the late
19th century and gained momentum through the
20th century. Unlike the previous two revolutions,
this one originated in North America and features
three primary characteristics: globalized commod-
ity chains, mechanization, and chemical farming.
A commodity chain is a sequence of steps
through which resources, such as crops, are trans-
formed into commodities and distributed to con-
sumers. Food manufacturing began in the 19th
century, but it was not until the 1960s that the
manufacturing sector became deeply involved in
food production. In a globalized market system,

it became highly profitable for companies to con-
centrate large-scale agricultural production in
particular areas (for example, bananas in Ecuador
or apples in New Zealand); to add economic value
to these products through processing, refining,
and packaging treatments; and then to ship them
to consumers around the world. In the 21st cen-
tury, food often travels thousands of miles from
where it is produced to where it is eaten.

Mechanization is the employment of tractors,
pickers, combines, and other motorized machines
in agricultural production. Such machines have
increasingly replaced human and animal farm
labor, beginning in the 1880s in the United States
and spreading to Europe and eventually world-
wide after World War II. Commercial mechanized
farming has led to the dominance of monocul-
tures—a single crop grown across a large area—
and accompanying losses in soil quality, biological
diversity, and nutritional availability. In addition
to the emissions of carbon and other greenhouse
gases from machine exhaust, the increased tilling
of soil releases large amounts of nitrous oxide, a
potent greenhouse gas.

Chemical farming involves the use of synthetic
inputs in agricultural production. Application of
chemical inputs first became a widespread agri-
cultural practice in the United States in the 1950s,
later diffusing to other industrialized countries,
and can now be found in countries around the
world. The myriad petroleum-based chemicals
used in agriculture today (fertilizers, pesticides,
herbicides, nematicides, and fungicides) evolved
directly out of the World War II chemical industry.
For example, ammonium nitrate munitions led to
the production of fertilizers to enrich the nitrogen
content of soils. Organophosphate nerve gas and
DDT—first used to control malaria and typhus
among troops—were made available after the war
as powerful agricultural insecticides. Decades
later, Agent Orange was developed for the U.S.
Department of Defense and used to defoliate tens
of millions of acres of tropical forest in Vietnam;
the companies that manufactured Agent Orange,
Monsanto and Dow Chemical, went on to develop
Roundup and other herbicides and became the
leading agricultural commodity corporations in
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the world. The production of chemical agricultural
inputs is estimated to make up roughly 40 percent
of the fossil fuel usage in industrial farming, even
more than is used in transporting food, pumping
irrigation water, or fueling machinery.

The third agricultural revolution brought a
greater increase in food production than the
world had ever seen. Although industrialized agri-
culture is an extremely profitable business, it is
also a highly inefficient use of resources: It takes
an average of 10 calories of fossil fuel energy to
produce one calorie of food energy, and roughly
25-50 percent of all food produced in the United
States spoils and is wasted at some point along its
path from field to consumer. In 2000, an estimated
10 percent of all energy consumed in the United
States was used in food production.

Another important result of escalating
agricultural productivity is the increasing
amount of cropland in many countries
that is being redirected to the produc-
tion of biofuels. Biofuels—ethanol,
methanol, and biodiesel—are derived
from renewable biological materi-
als such as corn, soy, sugarcane, and
other plants. Although biofuels are
potentially a more sustainable source
of energy than fossil fuels, they often
require significant amounts of fossil
fuels to produce. Biofuel farming has
also led to the large-scale conversion
of land away from food production
in many countries, and it is related
in complex ways to escalating global
prices for food and energy.

Like any aspect of development,
these processes are highly uneven,
and traditional models of subsistence
agriculture can be found to this day
in many parts of the world. There are
both modern and historical examples
of less energy-intensive food systems

Ethanol fuel, an alcohol made by fermenting
sugar or starch crops such as sugarcane or corn,
is the most commonly used biofuel worldwide.
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that are alternatives to the industrialized global
model that currently dominates food production.

Agricultural Mini-Revolutions
Since the 1950s, three mini-revolutions have
shaped agriculture and society in dramatic ways.
The focus of the Green Revolution, driven by agri-
cultural research scientists, was the development
of high-yielding varieties of seeds—primarily
wheat, rice, and maize—that were bred to respond
well to the chemical inputs, intense irrigation, and
mechanized harvesting and processing conditions
of industrialized agriculture. The Blue Revolution,
which developed alongside the Green Revolution,
incorporated a similar emphasis on machines and
chemical inputs into aquaculture, the growing of
aquatic species in ponds onshore or in pens sus-
pended in water. Aquaculture has thus far
been a great economic success in the pro-
duction of farmed shrimp and salmon. The
third mini-revolution is the Gene Revolu-
tion, which features the use of biotechnol-
ogy or genetic modification of plants and
animals in order to improve qualities such
as their productivity, nutritional content,
or disease-resistance.

Alternative Agriculture
A wide range of less energy-intensive
forms of agriculture can be found
around the world among farmers who
have access to a market for sustainable
products or among those, especially
those in peripheral regions of the
world, who cannot afford the expen-
sive inputs required by industrialized
production. Whole foods—such as
fresh tomatoes, garlic, and basil, as
opposed to canned tomato sauce—
are less processed and therefore con-
sume less fossil fuel. Organic farm-
ing or animal husbandry does not
use petroleum-based fertilizers
or pesticides, growth hormones,
or genetically modified organ-
isms. Local food is produced a
short distance from where it is
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consumed, often at a smaller scale than conven-
tional agriculture, which limits the fuel required
for transportation and storage. An emphasis on
a plant-based or vegetarian diet recognizes that
eating lower on the food chain consumes fewer
calories of energy (life-cycle analyses estimate it
can take 35 times the calories of fossil fuels to
make one calorie of beef and 68 times for one
calorie of pork).

EMMA GAALAAS MULLANEY
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Agricultural Wastes

Category: Energy Resources.

Summary: Agricultural wastes are by-products
of the agricultural system that can be converted
into various forms of energy using different
conversion technologies. Most of the worldwide
energy potential from agricultural residues is
currently unexploited.

Agricultural wastes are defined as all types of
organic substrates, which arise during the process
of agricultural production. These organic wastes
can come from crop farming, in the form of leaves,
straw, husks, shells, and hulls, as well as from ani-
mal farming in the form of manures, slurries, and
animal bedding such as poultry litter. In crop
farming, different crops produce different types
of agricultural crop wastes. The nature and prop-
erties of agricultural crop wastes depend primar-
ily on the plant species, growing conditions, and
the processing required to obtain the agricultural
product. The amount and composition of animal
manure depend on the farming methods (inten-
sive and extensive husbandry), type of animal, and
amount and type of feeding.

Agricultural Waste Resources

Depending on where along the agricultural value
chain the agricultural wastes occur—production,
provision, usage, or disposal—the agricultural
waste can be subdivided in three main categories:
primary, secondary, and tertiary wastes. Primary
wastes consist of residues remaining in fields after
harvest and allocation. They include straw, stalks,
cobs, and leaves. Secondary wastes, also known
as processing wastes, are residues occurring dur-
ing processing of the product, such as slaughter-
house wastes, milling residues, fruit peels, husks,
bagasse, and filtration and extraction residues. Ter-
tiary wastes are residues remaining after the usage
of the product, such as organic municipal residues,
postconsumer residues, and landfill gases.

These different types of wastes from agricul-
ture production are a valuable renewable energy
resource. Because they have a material and energy
value, the term agricultural residue is frequently
used instead of agricultural waste. The United
Nations Environment Programme (UNEP) esti-
mates that the worldwide energy potential of all
agricultural residues combined is equivalent to
about 50 billion tons of oil. Although this energy
can be used to replace unsustainable fuel sources
and reduce the dependence on fossil fuels, it is
largely underutilized in most countries.

Using these residues as energy feedstock
entails far fewer risks of land use and resource



