
Out of Sight, On the High Seas
THE BIGGEST PIECE OF LOW-HANGING

FRUIT IN AIR POLLUTION HISTORY

Typically a discussion of how to reduce air pollution from vehicles would start with cars,
continue with trucks, say a few words about buses and motorcycles, then various types of moving
around off-road, then and move on to other subjects.  But not so here.

The first subject here is the biggest piece of low-hanging fruit in air pollution history, a
group of sources so large and easy to control that global air pollution could  be sliced by 5 to 15
percent within a matter of two or three years, depending on the specific remedy.

Even better, eliminating the pollution is almost unbelievably easy: Simply switch from
what is probably the dirtiest fuel on the planet, so-called bunker fuel, to one that’s
cleaner—kerosene, say, or natural gas.

Few would guess that
the planet’s largest aggregate
source of air pollution --
emitting roughly as much as
the entire continents of either
North America or Europe—is 
cargo ships.  According to one
study, they emit as much sulfur
dioxide as all the world’s cars,
trucks and buses combined.
Sulfur dioxide is the principal
cause of acid rain and sulfur-
based fine particles that kill
and injure humans.  Cargo
ships also emit immense
amounts of oxides of nitrogen,
a cause of both nitrogen-based

fine particles and ozone, or smog.  They undoubtedly emit immense amounts of black carbon, a
cause of both global warming and human death and illness, but so little attention has been paid to
ships that very few measurements have been taken. This is partially because of the difficulty of
measuring pollutants that are rapidly mixed, but also because on-board measurements require the
cooperation of ship owners, which they are not necessarily anxious to provide.1

 Even though international shipping burns only from 2 to 4 percent of the world’s fossil

Xfuels each year, by some estimates it accounts for more than 14 percent of the global NO
emissions and more than 16 percent of the global sulfur emissions from world petroleum use.  2

Ocean-going vessels transport 90 percent of all trade by volume to and from the European Union
and nearly 80 percent by weight of all goods shipped in and out of the United States.  As
emissions from other sources are reduced, the contribution of shipping becomes increasingly
important, not the least because of its rapid and constant growth.3

Figure 1 International shipping burns only between 2 to 4 percent of

the world’s fossil fuels each year, but accounts for more than 5

Xpercent of the global NO  emissions and more than 14 percent of the

global sulfur emissions from human activity.



Compared to trucks, buses and cars, cargo and other ships are virtually unregulated.  This
is in large measure because ocean-going vessels are immune to national and most international
laws.  They are overseen by the International Maritime Organization (IMO), which is widely
recognized as a bedfellow of the industry, not its regulator.

Diesel soot is so poisonous that it has
been classified as a toxic air contaminant by
California, and is known or believed to cause
not only cancer, but premature death, diseases
of the lungs and airways, heart and circulatory
disease, and a variety of illnesses.4

Immense amounts of extremely fine
particles are created by the sulfur-rich
“bunker” fuel burned by ships, killing as
many as 60,000 people a year.  Scientists who
sampled southern California’s coastal air
found that up to 44 percent sulfur-based fine
particle pollution was from ships.5

THE SOURCES OF SHIP AIR POLLUTION

Ships are immense polluters for three major reasons:

Bunker Fuel

Virtually all burn bunker fuel, which is laden with pollution because it is what’s left when
everything else of value has been removed from a barrel of crude oil.  At room temperature it is
so thick and dirty that it is solid. It must be heated before it can be moved from one place to
another or burned.  It has more in common with asphalt than it does with gasoline. It is called
bunker fuel because it is stored in a bunker, a shipboard compartment or tank used for fuel
storage. It is black or dark brown and contains anything that refining distills: heavy metals, such
as sodium, potassium, calcium, vanadium, lead and  nickel; immense amounts of sulfur and often
nitrogen as well; and, of course carbon – lots of it.  Ships burn bunker fuel because it is cheap.6

Diesel Engines

The quality of bunker fuel is so poor that almost the only engines that can burn it are
massive diesel engines large enough to produce electricity for a city of 12,000 homes.  What
pours from the ships’ stacks in a single day is a nearly unimaginable amount of pollution:

# 1.2 million pounds of carbon dioxide;
# 44,000 pounds of oxides of nitrogen;
# 18,000 pounds of sulfur dioxide;
# 3,600 pounds of particulate matter; and,
# 400 pounds of carbon monoxide.

Figure 2 Ships like this one in Seattle overwhelm

local efforts to curb emissions from cars and trucks.



Lubricants

Bunker fuel is immensely dense with pollution, especially sulfur. When burned, some of
the sulfur combines with water to form sulphurous and sulphuric acids. These acids are
extremely corrosive to engine components and must be neutralized to prevent corrosion and wear
that would quickly ruin them.  To neutralize and eliminate these acids and other deposits, the
huge marine diesels require large quantities of specially formulated lubricants. A typical lubricant
will contain detergents made from calcium, barium and magnesium.

Much of the lubricant—in one study, 64 percent—is burned and emitted as particulate
matter.   The lube oil consumption can approach 5 percent, so it must be continually topped off,7

after which more is burned and emitted as air pollution.8

SKYSAILS

There was a time when
every ounce of cargo was
moved from one place to
another by the wind, and in
Europe two companies are
trying to tap into that tradition.

Beluga Shipping and
SkySail have paired to develop
and deploy huge kites—the
first one is 160 meters square
and the next will be twice
that—to help cargo ships slice
through the water using less
fuel and making less air
pollution.

The maiden voyage
was in early 2008, from

Germany to Venezuela, a total travel distance of 11,952 nautical miles.  In even moderate winds
the kite towing system worked well, substituting the wind for 20 percent of the engine’s power.  9

The kite is controlled by computers. One computer helps it to fly in figures of eight in the sky,
maximizing the power it produces. Another computer adjusts the kite’s direction.10

Figure 3 Beluga Shipping and SkySails have teamed to develop the

use of giant kites as auxiliary power—a kind of hybrid

wind/fossil-fuels system.  The ship MV Beluga went from Germany to

Venezuela in early 2008, a total of 11,952 nautical miles using this

160-square-meter kite to supply roughly 20 percent of the engine’s

power.  The next step is to double the kite’s size, which is predicted

to save $2000/day in fuel costs.  (Source: New Scientist)
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