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ISSUE ON TECHNOLOGY AND SUSTAINABLE TRANSPORTATION

This issue of the Monitor concerns the potential contribution of technology to the at-
tainment of sustainable transportation, particularly through reducing vehicle fuel use.
Most of the content was prepared before the catastrophic events of September 11. A sus-
tained economic downturn following these events could reduce worldwide oil consumption,
see prices fall, and lessen the urgency to increase efficiency. The events could also lead to a
heightening of Middle-East tensions enough to threaten oil supplies from that region, high-
lighting the need to reduce oil consumption so as to reduce dependence on vulnerable im-
ported oil. The Middle East supplies about 12 per cent of the oil used in North America.'’

In 1997, the Centre for Sustainable Transpor-
tation developed a vision of sustainable
transportation. The vision was captured in a
definition that, with slight modification, has
been formally adopted by ministers of the 15
nations of the Europe Union (see Box 1).”

Box 1. The Centre’s definition of
sustainable transportation

A sustainable transport system is one that:

» allows the basic access and develop-
ment needs of individuals, companies
and societies to be met safely and in a
manner consistent with human and eco-
system health, and promotes equity

The Centre’s vision of what sustainable trans-
portation should be like includes the follow-

1ng'3 within and between successive genera-
' tions;
“The impacts are so low they no longer » is affordable, operates fairly and effi-

provide reason for concern about peo-
ple’s health or any part of the natural en-
vironment, in the present or the future. In
particular, emissions of carbon dioxide > limits emissions and waste within the
and other greenhouse gases from trans- planet’s ability to absorb them, uses re-
portation are less than one fifith of the to- newable resources at or below their

tal of such emissions in the 1990s.” rates of generation, and uses non-
., 1 renewable resources at or below the
[italics added]

rates of development of renewable sub-
stitutes, while minimizing the impact on
the use of land and the generation of
noise.

ciently, offers choice of transport mode,
and supports a competitive economy, as
well as balanced regional development;

This aspect of the vision has been emphasized
because it sets out what may be the most

challenging requirement for sustainable
transportation: the avoidance of further climate change that could affect future genera-
tions in dramatically adverse ways.

The target in the vision of a reduction in greenhouse gas (GHG) emissions to 80 per cent
below 1990 levels is based on the work of the United Nations Intergovernmental Panel on
Climate Change (IPCC), which suggests that overall GHG emissions should be reduced
worldwide by more than 50 per cent below 1990 levels to avoid further climate change.”
The additional requirement—from a 50 per cent to an 80 per cent reduction—reflects the
view that the richer countries of the world should meet a more stringent target to allow
poorer countries room for development.

The Sustainable Transportation Monitor is the collective expression of the Board of Directors of the Centre for Sustainable Transportation. Members of
the Board are listed on Page 10. The views and analyses presented here are not necessarily those of the organizations with which members of the
Board are affiliated. T The superscript numbers in the text are linked to 80 reference notes on Pages 11-16.
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OECD’S ASSESSMENT OF THE
POTENTIAL CONTRIBUTION OF
TECHNOLOGY TO SUSTAINABLE
TRANSPORTATION

The Organization for Economic Coopera-
tion and Development (OECD), most of
whose members are among the richest coun-
tries of the world, has conducted a project
on Environmentally Sustainable Transport
(EST)’. Several EST criteria were devel-
oped (see below). They served to character-
ize EST and also to make it possible to
know when EST will be attained.

Participants in the project considered that
the EST criterion concerning emissions of
GHGs is the most difficult to achieve.
This criterion was an 80-per-cent reduction
in carbon dioxide (CO,) emissions from
transport compared with 1990 levels, as in
the Centre’s vision. The provisional target
date for the reduction was 2030, far enough
ahead to allow for substantial change in
transport technology and practice, but near
enough to ensure meaningful avoidance of
environmental impacts. CO, emissions are
closely correlated with fossil fuel use.
Thus, attainment of the most difficult EST
criterion essentially amounts to reducing
fossil fuel use for transportation—direct and
indirect—by about 80 per cent.’

In the course of the EST project, members
of the expert teams of the participating
countries developed scenarios as to what
transportation would be like in their
countries with attainment of the EST cri-
teria. Each team developed three scenarios.
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The first two were extreme scenarios,
examined because they have been pro-
posed at one time or another and because
they helped set the scene for the third,
more realistic scenario.

The first type of scenario had technol-
ogy responsible for all the changes re-
quired for attainment of EST, notably
the required dramatic reductions in
GHGs and thus fossil fuel use. This type
of scenario was considered to be techni-
cally feasible but unrealistic in that the
development and implementation costs
would be exorbitant.

The second type of scenario had
changes in transport activity—mainly
reductions in the amount of trans-
port—responsible for all the changes
required for EST attainment. This
type of scenario was considered to be
unacceptable because it would involve
an unpalatable and unproductive degree
of coercion by governments.

The third type of scenario involved at-
tainment of the EST criteria through ju-
diciously selected combinations of
technological improvements and
changes in transport activity. A sum-
mary of the mixes of measures used by
the expert teams—as they relate to CO,
emissions—appears in Box 2. On aver-
age for the expert teams, technological
improvement was estimated as contribut-
ing 41 per cent of the reduction in CO,
emissions required for the movement of
people (52 per cent if ‘downsizing’ of
vehicles is in-

Technology

Occupancy

Mode
shifts

Transport
avoidance
Downsizing

PEOPLE

Box 2. Estimated contribution of different factors to attain-
ment of 80% reductions in CO, emissions from transport
in OECD countries by 2030

Loading

Transport
avoidance

FREIGHT

cluded), and 47
per cent of the re-
duction required
for the movement
of freight.

As Box 2 shows,
the type of meas-
ure making the
next-largest con-
tribution for the
movement of
people concerned
reductions in
transport activity
(‘transport avoid-
ance’). For
freight move-
ment, the main

Downsizing

Source: OECD
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other type of measure concerned mode
shifts, chiefly moves away from road
and air modes to rail and water modes.’

Box 2 reflects no more or less than as-
sessments by expert teams as to the opti-
mum mixes of technological and other
factors in achieving the stringent EST
criterion of an 80-per-cent reduction in
CO, emissions from 1990 levels, taking
a wide range of economic, social, and
other factors into account. The assess-
ments suggest that technology could
contribute a large part of what is re-
quired, but that about half of the ef-
fort will have to come from changes in
transport activity. Accordingly, the ex-
perts said, measures to reduce and other-
wise change transport activity should be
given just as high priority.

The overall point of what follows is to
provide some mostly new substance to
the implicit conclusion of the expert
teams working on the OECD’s EST pro-
ject, namely that technological improve-
ments are important but limited in their
ability to provide for all of the changes
in transport systems and activity re-
quired for sustainability. For reasons set
out here and in the next section, the fo-
cus is on reducing fossil fuel use and
emissions of GHGs.

LOCAL AND REGIONAL POL-
LUTION, NOISE, AND LAND
USE

This section touches briefly on attain-
ment of EST criteria other than those for
GHGs and fossil fuel use.

The OECD’s EST project established six
criteria for attainment of EST, including
the above requirement for dramatic re-
ductions in CO, emissions and thus fos-
sil fuel use. The others concerned emis-
sions of nitrogen oxides (NO,), volatile
organic compounds (VOCs), and par-
ticulate matter (PM), as well as noise
and land use. The criteria were all de-
rived from environmental quality objec-
tives.

If use of fossil fuel is reduced substan-
tially there will be corresponding reduc-
tions in locally and regionally acting
emissions (NOy, VOCs, and PM). How-
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Box 3. U.S. EPA Phase 2 Rule: effect on NO, and PM emissions

dresses only energy
use and GHG emis-

g/hp-hr g/hp-hr sions. 14
12 0.7 ’
1985 ~ uncontrolled levels 1988
10F 0.6 » Catalyzed PM Trap based In fuel use, trans-
+ NOx aftertreatment-based 05l * 0.01 g/bhp-hr portation in North
T | 480 » 0.2 g/bhp-hr | * 90% reduction America is going in
6 1991 * ~90% reduction o4 the wrong direction.
1998 0.3 1991 The average fuel use
ar 2004 021l 1994 of 2001 model-year
s truck personal vehicles
2007 1 ’—’E‘ 2007 sold in the U.S. was
0 — 0 — 11.5 litres/100 kilo-

Source: U.S. EPA metres (under test

conditions), the high-

ever, noise and land-use impacts could
be reduced only if the fossil-fuel re-
ductions are achieved by changes in
transport activity rather than by tech-
nological improvements. For example, if
drive systems for trucks are developed
that require 90 per cent less fossil fuel,
they could still be as many trucks on the
road (or even more), making at least as
much noise as at present and requiring at
least as much road space.

Reductions in local and regional emis-
sions do not necessarily bring corre-
sponding reductions in fuel use and CO,
emissions; they may even result in in-
creases. Box 3 shows that new U.S.
standards for heavy-duty diesel vehi-
cles—also to apply in Canada—are set
to reduce new-vehicle emissions of
NO, and PM dramatically from 2007°.
However, the indicated after-treatments
for NO, and PM could cause engines to
work harder and, other things being
equal, increase their fuel consumption
and GHG emissions.” Moreover, there
are no standards in place to require im-
prove fuel efficiency to offset the ex-
pected increases in heavy-duty vehicle
traffic.'’

The standards illustrated in Box 3, and
other such standards, apply to new vehi-
cles under test conditions. Emissions
from new vehicles on the road are
higher because test conditions do not
reflect actual driving. Two distin-
guished researchers wrote:

“It is often heard—sometimes from
parties who should know better—that
‘today’s new car emissions are 90 per
cent lower than those of two decades

ago’. This statement is false. The
emissions that matter are those com-
ing from vehicles on the road in real-
world driving, not those indicated by
simulated driving tests used to satisfy
the emissions standards (which are in-
deed about 90 per cent more stringent
than pre-regulatory emissions levels).
Ross and Wenzel estimate that an av-
erage model-year 1993 car has CO
[carbon monoxide] and HC [hydro-
carbon, similar to VOCs] emissions
four to five times higher than the stan-
dards and NO, emissions about twice

as high as the standards.

9l

Moreover, these emissions typically in-
crease per vehicle-kilometre as the vehi-
cle ages.'” Fuel use—and thus globally
acting emissions—does not appear to in-
crease with vehicle age."”

Although local pollution and noise are
the main current transport concerns,
for sustainability issues the longer-

term global im-
pacts—notably
climate
change—are
more impor-
tant. This is re-
flected in the re-
cent report of the
Canada Trans-
portation Act
Review Panel,
whose section on
“Key Trends” in
the chapter on
“The Environ-
ment and Sus-
tainable Devel-
opment” ad-

est since 1980 and up
eight per cent from the lowest value of
10.6 recorded in 1987-1988. For 2001
cars, average fuel use was 9.7 1/100km.
For SUVs, vans, and light trucks, it aver-
aged 13.6 1/100km."” Overall, fuel use
per kilometre is slightly lower in Can-
ada, because regular automobiles ac-
count for a higher proportion of personal
vehicles.

TRANSPORT FUELS

Logically, there are two ways of using
technology to reduce fossil fuel use and
thus CO, emissions. One is to use fuel
that contains no or less carbon from fos-
sil fuels. The other is to use fuels more
efficiently. This section deals with the
former option. More efficient fuel use is
discussed in the next section.

Setting aside sustainability considera-
tions, petroleum liquids, including
gasoline and diesel fuel, are just about

Box 4. Transport

fuel sources and drive systems

Nuclear,
Qil, NG, coal, hydro, wind, solar,
biomass geothermal
ICE or hybrid Bur_n dllrecftly ora Proc_iuce H, to burn in
derivative in engine engine
Produce H, on-board, | Produce H; centrally
H, fuel cell | or centrally and store and store on-board
on-board
Batter Generate electricity to | Generate electricity to
y charge battery charge battery
Generate electricity to | Generate electricity to
Trolley

drive motor directly

drive motor directly

Note: ICE = Internal Combustion Engine. H, = hydrogen

- The Centre for
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perfect transport fuels. They have a
high energy density, containing, for ex-
ample, about 100 times as much usuable
energy as an equal weight of fully
charged lead-acid battery.'® They are
easy to ship, to store, and to refuel, and
are readily available at a remarkably low
cost. Before taxes they cost less at the
pump, for example, than spring water
sold in bulk in supermarkets. Oil prices
may rise steeply over the next few dec-
ades as worldwide demand begins to
exceed worldwide production.'’ ITo-
day, oil-based fuels comprise 96 per cent
of all transport fuel'® and, even with
higher prices, could maintain their strong
appeal for many years to come.

There are at least four transport fuels
that can serve as alternatives to petro-
leum liquids: electricity, hydrogen,
biofuels, and natural gas. This section
deals with some of the challenges facing
use of these fuels. The next section con-
cerns the drive systems in which the fu-
els are used. In anticipation of the next
section, Box 4 sets out the primary fuels
in relation to the drive systems.

This section thus concerns one of the
two main ways of using technology to
reduce fossil fuel use and thus CO,
emissions: to use fuel that contains no or
less fossil carbon. The next section con-
cerns the other strategy: to use transport
fuels more efficiently through improve-
ments in vehicle technology.

Electricity

Electricity is mostly generated from fos-
sil fuels (44 per cent from coal world-
wide in 1997 and 26 per cent from other
fossil fuels'”). Fossil-free production of
electricity includes nuclear fission and
hydropower, as well as production from
geothermal, solar, tidal, and wind
sources. The first two have been used for
decades and have become somewhat dis-
credited as their life-cycle environmental
impacts are better understood. Moreover,
most hydroelectric potential is being ex-
ploited.”” Of the others, wind power
shows considerable promise.

Denmark, the world wind-power leader,
plans to produce 10 per cent of its elec-
tricity supply from windmills by 2005
and more than 25 per cent by 2020.
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Wind generation costs appear compa-
rable to those of other sources; they
may be lower if unpaid (i.e., external)
costs are factored in.”’

Production of electric power from solar
panels (photovoltaic cells) is a well-
established technology but presently in-
volves costs that are several times higher
than other sources.”

Just about everywhere on the planet has
wind or sun, or both. Limitations to
complete conversion to these renewable,
carbon-free sources are not so much the
potentially available energy supply but
the energy *’ and financial costs of sup-
plying the generating equipment and
associated infrastructure, and the diffi-
culties in providing reliable continuous
power outputs from highly variable in-
puts. Meeting these challenges within a
reasonable time frame, say by 2030 or
even 2050, may be unrealistic.”*

Other kinds of limitation involve the
transformation of the electrical energy
into motive power. For vehicles linked
to power cables (trains, streetcars, trolley
buses)—discussed further below—this
would present few challenges other than
the energy and financial costs of electri-
fying North America’s rail systems and
transit routes.”> Where achieved, direct
drive of electric motors via trolley can
be an efficient, reliable arrangement
allowing the use of a wide variety of
primary fuels.”® As well as familiar
uses (e.g., trains), less familiar uses can
be contemplated, including trolley

No. 5, November 2001

trucks, presently used in several off-road
situations.”’

Most transportation, however, is pres-
ently provided by motorized vehicles
carrying their own fuel. Duplicating this
arrangement using electricity as the end-
use fuel requires battery storage, al-
ready noted as being much less satisfac-
tory than liquid fuel storage in terms of
energy capacity. Widespread acceptabil-
ity of battery-powered vehicles—
discussed further below—could require
batteries with properties far beyond what
is available today.”®

Hydrogen

Hydrogen is the most talked about as a
possible transport fuel, sometimes as a
fuel for combustion in internal combus-
tion and other engines™ but more often
as fuel for fuel cells (see below). Hydro-
gen is among the most abundant ele-
ments on Earth, but almost all of it is
combined with oxygen as water, with
carbon as organic and fossil material or
with other elements. Separation of hy-
drogen by electrolysis or reforming’’ are
well-established processes, although un-
sustainable to the extent they rely on fos-
sil fuels for process energy or feedstock.
The two are compared in Box 5.°' The
challenges for hydrogen use lie in
achieving sustainable production of
elemental hydrogen, and at least as
much in its distribution and storage.

Hydrogen can be distributed by pipe-
line, although not in current systems
because of pressure requirements and

Box 5. Advantages and disadvantages of production of hydrogen
by reforming and electrolysis

Advantages Disadvantages
Reformation | ® Relatively inexpensive hydrogen |e Nonsustainable
of Fossil production method ¢ Pollution generated in processing
Fuels *  Well developed technology * More expensive and less efficient
than direct use of fossil fuels

¢ Well developed technology * Expensive

* Potential to be sustainable * Pollution possible from electricity
Electrolysis generation

e Creates pure hydrogen product
* Electricity widely available

* |ess efficient use of fossil fuels
for electricity production
compared to reformation

Source: Northeast Advanced Vehicle Consortium
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because hydrogen damages conventional
pipes.”” Widespread use of hydrogen
would require a wholly new distribution
system, which could take decades to es-
tablish and may be unfeasible in energy
and financial terms. Alternatives are to
produce hydrogen at filling stations or
on board vehicles.

On-board production of hydrogen is
attracting the most interest. General
Motors favours using gasoline as the
feedstock, to take advantage of existing
refueling arrangements. DaimlerChrysler
and Ford appear to prefer methanol be-
cause reforming it is more environmen-
tally sound, and because this feedstock
could potentially come from renewable
sources (see biomass fuels below).” For
either process, on-board reformation in-
volves each vehicle carrying around the
equivalent of a small oil refinery. Thus,
fueling-station reformation, and even
distributed hydrogen, retains some
appeal. Fueling station reformation
could take advantage of the widespread
distribution system for natural gas,
which is the feedstock most used today
for hydrogen production.™

If hydrogen is not made on board ve-
hicles it has to be stored on board,
which presents another major set of chal-
lenges. On-board systems are large or
heavy, or both, and likely to remain so.”

The prospects for widespread use of hy-
drogen as a transport fuel during the next
few decades seem quite remote.”

Biomass fuels

The main candidate fuels are ethanol and
methanol (wood alcohol). Both can be
produced in ways that their use results in
no net emissions of GHGs; as well as
much lower emissions of local pollutants
compared with conventional fuels.

Ethanol is used extensively as a gaso-
line additive, to produce more complete
combustion and thus reduce emissions. It
is used too as a complete transport fuel,
notably in Brazil where it is produced by
fermentation of sugar cane.”’ In North
America,ethanol is produced mostly by
fermentation of corn. Such ethanol pro-
duction has been described as energy in-
tensive and land intensive, the former to
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the point that more energy is required to
produce the fuel than is in the fuel, the
latter to the extent that seven times more
cropland would be required to fuel each
U.S. car entirely with ethanol than to
feed each U.S. resident.*®

Ethanol can also be produced from bio-
mass by lignocellulosic conversion,
which converts a much higher propor-
tion of the plant mass into distillation
feedstock. This method has been fa-
voured as being less energy and land in-
tensive, and potentially more commer-
cially viable,” albeit with considerable
skepticism.

Methanol is already used as an automo-
bile fuel, notably in high-performance
racing cars. Most current production in-
volves steam reforming of natural gas,
with an additional step in which high
pressures and temperatures are applied
to form methanol from the ‘synthesis
gas’ product of steam reforming. Such
synthesis gas can also be produced by
gasifying wood and other plant material.
Methanol production from gasification
of biomass appears to be potentially less
land intensive (because a wider range of
plant material can be used) and more
commercially viable than ethanol pro-
duction from lignocellulosic conversion,
although more energy intensive."’

Unlike ethanol, methanol corrodes ma-
terials now used in gasoline distribu-
tion. Thus, new distribution systems
would be required if methanol came into
widespread use as a transport fuel, either
for combustion or for use in a fuel cell.

Natural gas

Natural gas is a cleaner-burning, pos-
sibly more plentiful fuel worldwide
than petroleum. It is relatively easy to
ship (by pipeline or in liquefied form,
LNG) and to carry in vehicles (in com-
pressed form, CNG and, sometimes,
LNG). Huge amounts of natural gas
move by pipeline, much LNG is shipped
across oceans,” and thousands of CNG-
fuelled vehicles—Dbuses, taxicabs, com-
mercial van fleets—are on the road in
Canada and elsewhere. Canada is a
leader in the development of applica-
tions for the use of CNG in heavy-duty
vehicles."

Sustainable Transportation Monitor

Use of CNG results respectively in
about 25 and 10 per cent less GHG
emissions than comparable gasoline and
diesel engines (and, incidentally, pro-
duces far fewer other unwanted emis-
sions)."* A problems with CNG is that
methane is a potent GHG. Thus, trans-
mission, refueling, and other leaks can
be a problem, albeit solvable with appro-
priate systems and adequate care. An-
other challenge in connection with natu-
ral gas may be its availability. De-
mand—in North America at least—may
already be outstripping possible produc-
tion, a factor that could influence the de-
sirability of large-scale investments in
natural gas as a transport fuel.”’

VEHICLES

This section and its subsections are con-
cerned with some of the technological
improvements that could contribute to
reductions in fossil fuel use by transport,
and with some of the barriers to imple-
menting the improvements.

Trolley vehicles

Where vehicles—streetcars, trolley
buses, subway trains, and other electric
trains—receive electric power by a trol-
ley device, there are no energy losses
from the on-board storage or production
of electricity. Such vehicles can use dis-
tributed electricity efficiently and pro-
duce no emissions at the point of opera-
tion. Moreover, if the electricity is pro-
duced from any one of a variety of re-
newable sources there can be little over-
all environmental impact as a result of
vehicle operation. Trolley vehicles may
thus come the closest to providing
truly sustainable transportation.

High-speed trains—for example, the
French TGV and the Japanese Shinkan-
sen—are especially appealing as they
provide convenient inter-city transport
that can compete well with aviation, in
many respects the environmentally most
damaging of all transport modes."® A
problem with high-speed trains is that
their energy consumption can be rela-
tively high, comparable per passenger-
kilometre to automobiles making inter-
city journeys. Trains travelling at high-

- The Centre for
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way speeds use much less energy.”’
Noise is another problem.*

A challenge in providing for trolley op-
eration is provision of the necessary in-
frastructure for railway electrification or
street operation. Officials of the Hong
Kong government have recently argued
against introduction of trolley buses on
the grounds of infrastructure costs and
the inconvenience, unsightliness, and un-
safe nature of overhead wires, even
though noticeable reductions in local
emissions could be achieved.” However,
such concerns have not deterred the in-
troduction and re-introduction of street-
cars and trolley buses elsewhere. A par-
ticular advantage of road trolley vehicles
is that they are much quieter than ICE-
powered equivalents, a feature especially
appreciated by people who live just past
transit stops from which buses acceler-
ate.

Battery-electric vehicles

The challenges here are the high costs,
chiefly those of the batteries (see
above), the short distances between
necessary recharges, the difficulties of
cold-weather operation, and disposal
problems, again mainly to do with the
batteries. Nevertheless, battery-powered
vehicles could serve many inner-city op-
erations.
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Mention should also be made of the
long-established zinc-air battery, which
is being renamed ‘zinc-air fuel cell’ as
techniques are developed for rapid refu-
elling.”’ Replaceable cassettes of zinc
pellets in electrolyte serve as the fuel.
Conversion in air in the presence of an
electrolyte produces zinc oxide and us-
able electricity, with no waste products.
Off-vehicle regeneration ‘recharges’ the
zinc oxide to zinc pellets that can be
used again in the battery/fuel cell. Zinc-
air systems have a much higher energy
density (power-to-weight ratio) than
lead-acid batteries and cost much less
than hydrogen fuel cells (see below).
Widespread use of such a system would
require overcoming challenges in the de-
velopment of refueling arrangements,
and in addressing issues of self-
discharge.

Fuel cells

Fuel cells are essentially batteries that
are recharged, perhaps continuously,
by changing the electrolyte materials
rather than by applying electricity.
Much of the present excitement in auto-
motive technology concerns fuel cells,
whose principles were set out 160 years
ago.”' The current focus is on fuel cells
that combine hydrogen and oxygen to
produce water, generating electricity in
the process.’” Oxygen is available in the
air, but hydrogen has to be delivered di-

300
250

Box 6. Comparison of GHG emissions from fuel cells (FC),
internal combustion (IC), and hybrid vehicles

200

150

100
50 +

CO; equivalent, kg/1000 km

(=]

H2 from
NG FC
Hz from
electrolysis®
Hz from

electrolysis™

**Combined cycle, natural gas
* Renewable

Methanol
FC
Gasoline
FC
Gasoline
IC

hybrid

Gasoline-IC

Source: Northeast Advanced Vehicle Consortium
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rectly or produced on board (see above).
Even with present technology, full life-
cycle analyses of hydrogen fuel-cell ve-
hicles show lower GHG emissions than
comparable ICE (internal combustion
engine) vehicles, although not in some
cases lower than hybrid vehicles (which
are discussed below). Results from one
of these analyses are presented in Box
6. Lower life-cycle emissions of NOy
and other pollutants are also reported.”

However, there are major production
challenges ahead for mass production
of fuel cells.” Not the least of them is
the present dependence of the most-
produced type on catalytic platinum,
supplies of which appear to be insuffi-
cient for mass production.’® Currently,
fuel-cell system costs are prohibitive,
roughly 40 times the equivalent cost of
an ICE drive train. Substantial mass pro-
duction—perhaps a cumulative total of
two million vehicles by one manufac-
turer—may be required to bring the cost
to twice the ICE cost.”’

Hybrid electric-ICE vehicles

The most usual type of hybrid battery-
ICE power train allows wheels to be
driven by the battery or the ICE or both,
and allows the battery to be charged by
the ICE and by the energy absorbed dur-
ing braking. The fuel is that used by the
ICE, i.e., gasoline or diesel fuel.

Overall fuel use is as much as 50 per
cent less than comparable ICE vehi-
cles, mainly because in hybrid vehicles
the battery not the ICE drives the wheels
at low vehicle speeds. As shown in Box
7, the ICE power trains in conventional
automobiles have high fuel use at speeds
below 30-40 kilometres per hour.”® Fuel
use at 5-10 km/h is typically about three
times that at 40-50 km/h. Electric mo-
tors, by contrast, deliver maximum
torque per energy use at the lowest
speeds. Indeed, hybrid vehicles, unlike
conventional ICE vehicles, can have bet-
ter fuel economy in urban traffic condi-
tions than on highways (see Box 8).”’

Additional fuel economy in hybrid vehi-
cles is achieved through regenerative
braking, by switching off the ICE when
decelerating or stationary, and by match-
ing the ICE engine size to the require-

Page 6
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Rate of fuel use in litres per 100 kilometres

Box 7. How automobile fuel use changes with vehicle speed

8 16 24 32 40 48 5 64 72 81

Vehicle speed in kilometres per hour

89 97 105 113 121

—»— 1993 Subaru Legacy
—»— 1988 Chevrolet Corsica
—e— 1994 Oldsmobile Olds 88

1994 Oldsmobile Cutlass
—¥— 1994 Chevrolet Pickup
—e— 1994 Jeep Grand Cherokee
—+— 1994 Mercury Villager
—=— 1995 Geo Prizm

1997 Toyota Celica

Source: Oak Ridge National Laboratory (U.S.)

ments for cruising or modest accelera-
tion, adding battery power when ‘full
throttle’ is applied.

So far, only two, Japanese manufacturers
market hybrid vehicles, one a regular
passenger sedan and one a compact-size
vehicle (see Box 8).%

Less progress has been made with re-
spect to the introduction of heavy-
duty hybrid vehicles. This technology
holds fewer advantages for long-distance
vehicles, for which the stop-start cycle is
less important, but could be of consider-
able importance for short-haul trucks®'
and, especially, for urban buses. One as-
sessment showed that hybrid electric-
ICE buses (using diesel fuel) used 23 to
39 per cent less fuel than convention die-
sel buses, and up to 50 per cent less than
CNG-fuelled buses.”

The challenge for widespread use of
hybrid vehicles is their greater com-
plexity and cost, and perhaps disposal
problems with respect to the nickel-
based battery systems. Currently mar-

keted hybrids, while expensive, appear
to be being sold at well below produc-
tion cost.”

ICE vehicles

The most fuel-efficient car on the mar-
ket today happens to be not a hybrid
vehicle but an ICE vehicle: Volks-
wagen’s diesel fuelled Lupo 3L (sold
only in Germany and named because it
uses less than 31/100 km overall when
driven in so-called Eco-mode). Data
comparing it and the two hybrid electric-
ICE (gasoline-fuelled) vehicles on the
North American market are in Box 8§, to-
gether with data for average year-2001
North American personal vehicles .

The Lupo 3L achieves its remarkable
fuel efficiency through advanced engine
design and use of many aluminum and
magnesium components, lightweight
glass, and narrow tires. As well, use is
made of a system that switches the en-
gine off when the vehicle is stationary
for more than four seconds and the brake
is applied, starting it again when the

brake is released. Its apparently unsubsi-
dized price is similar to that of other sub-
compact vehicles on sale in Germany.
Volkswagen claims it is the only diesel
vehicle that meets Germany’s stringent
D4 exhaust emission limits.

Box 8 indicates that use of the Lupo, In-
sight or Prius could save respectively 68,
63 or 47 per cent of the fuel used by the
average North American car, and 77, 74
or 62 per cent of the fuel used on aver-
age by other types of personal vehicle.

Successful operation of the Lupo 3L
suggests that technology is available to
improve ICEs to a degree that could
obviate the need for fuel-cell develop-
ment or even for further introduction
of hybrid electric-ICE vehicles.”

A particular challenge in North America
for vehicles such as the Lupo 3L (and
the Honda Insight) is the view that
smaller vehicles are unsafe. This view
was reflected in a recent report on vehi-
cle fuel efficiency by the Transportation
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A larger net
Box 8. Fuel use of efficient and average personal vehicles effect on en-
ergy con-
Litres per 100 kilometres sumption
Type City Outside | Overall | Seats could come
from the re-
VW Lupo 3L Diesel ICE 37 2.8 3.1 20r4 sulting in-
. crease in the
Honda Insight Hybrid electric- 3.9 3.5 3.6 2 average cost
Toyota Prius | 'CE (93soline) | 4 ¢ 53 5.1 4 of owning an
Average U.S. car 11.1 8.0 9.7 4.5 automqb ile.
Shortening
Average U.S. other | Gasoline ICE the average
personal vehicle 15.1 11.8 13.6 3-7 car life from
(van, SUV, etc.) 15 to five
years could
Sources: U.S. EPA; manufacturers’ information raise average

Research Board of the U.S. National Re-
search Council.*> Cautions were raised
against ‘downweighting’ as a devise for
reducing fuel use one the grounds that
“additional traffic fatalities could be ex-
pected”.

Fleet turnover issues

If new technology produces marked re-
ductions in vehicle energy use, replacing
vehicles quickly would seem to make
sense to ensure society receives the full-
est advantage of the improvement. Pro-
viding incentives to retire older vehicles
or disincentives to keep them on the road
would appear to be a good policy move.
However, the energy costs of produc-
ing and distributing new vehicles
should be taken into account, as well
as the energy factors in vehicle disposal.

For personal vehicles, 15-20 per cent of
full-life-cycle energy requirements may
be related to production, maintenance,
and disposal. As much as a third of this
energy can be recaptured by recycling
end-of-use materials.”’ For there to be a
net advantage from retiring a vehicle
early, the reduction in energy use from
using a more efficient replacement vehi-
cle has to offset the increase in energy
use from added vehicle production.
Thus, retiring a vehicle early could make
sense if the replacement vehicle has
more than about 15 per cent lower fuel
intensity than the replaced vehicle. If the
improvement is less, there will be insuf-
ficient compensation for the production
energy lost on vehicle replacement.

ownership
costs by about 20 per cent and thus re-
duce overall ownership, vehicle use, and
CO, emissions by 5-10 per cent.*

These rough estimates are provided only
to indicate that penetration of new
technology, particularly in respect of
energy savings, is a complex matter
requiring careful consideration. In all
cases, whether for personal automobiles,
trucks or any other kind of transport, the
basic relationships are shown schemati-
cally in Box 9.” The main points illus-
trated in Box 9 are that new technology
takes some time to penetrate the new ve-
hicle fleet (5-10 years) and much longer
to penetrate the total fleet (15-25 years at
current turnover rates).

Vehicle—or at least drive-train—turn-
over is a more important consideration
for heavy-duty vehicles because annual
distances driven are much higher. Never-
theless, vehicle production may account
typically for well under three per cent of
life-cycle energy use by heavy trucks.”’

CONCLUSIONS CONCERNING
TECHNOLOGY’S POTENTIAL

Regarding fuels, it is hard to avoid the
conclusion that progress towards sustain-
able transportation over the next few
decades may not involve dramatic
changes in vehicle fuels. The “perfect’
fuels—gasoline and diesel—seem set to
maintain their almost total hold as
sources of energy for road and other ve-
hicles, which could be strengthened by

No. 5, November 2001

improvements in these fuels.”' Only
natural gas—an environmentally supe-
rior but nonrenewable fuel—shows
promise as a feasible competitor. The
other fuel showing possible early prom-
ise is electricity from wind generation,
but the barriers to widespread use of
electric vehicles seem formidable,
whether they rely on battery or trolley
systems. Hydrogen and biomass fuels do
not show early promise, and may be lim-
ited in their longer-term use.

What could change the dominance of pe-
troleum liquids as transport fuels would
be the end of cheap oil.” Much higher
oil prices would certainly spur interest in
alternative fuel systems. However, the
logistical and cost challenges involved in
replacing oil at current and projected
traffic levels are daunting. It is perhaps
the very scale of the challenges concern-
ing fuels that will provide the major con-
tribution to sustainable transportation.
This would result from the decline in
transport activity that would occur with
less oil and little in the way of adequate
alternatives.

Regarding vehicles, the promise of fuel-
cell-based systems seems hollow. Pro-
duction and fuelling challenges seem im-
mense, the advantages seem limited, and
it is accordingly difficult to understand
present levels of enthusiasm and invest-
ment. Hybrid electric-ICE systems and
improved ICE systems show much more
promise, particularly the latter. Indeed, it
is already possible to envisage introduc-
tion over the next few decades of a light-
duty vehicle fleet that has well under
half the current fuel use per vehicle-
kilometre, potentially a major step to-
ward sustainable transportation. Lesser
reductions in fuel use by heavy-duty ve-
hicles could follow. There is promise too
in wholly electric-drive systems, espe-
cially where trolley feeds can be ar-
ranged and where electricity generation
involves renewable resources such as
wind.

The outlook is thus positive for a sub-
stantial contribution of technology to
attainment of sustainable transporta-
tion over the next few decades from
improved efficiency in fossil-fuel use.
This would happen chiefly through
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widespread adoption of vehicle types
that are already marketed, and through
further improvement of them. There is
also potential for a substantial contri-
bution from more use of trolley vehi-
cles. Here too, gains could be achieved
from application and improvement of
available technologies, particularly trol-
ley buses, trolley trucks, and electrically
powered rail vehicles of all kinds.

The conclusions in the previous para-
graph point to possible major discon-
nects between the potential for pro-
gress towards sustainable transporta-
tion and current research efforts. The
greatest potential appears to lie in im-
provements to familiar technologies, no-
tably conventional ICEs and trolley sys-
tems of all kinds. Current research ef-
forts, by contrast, in government and in
the private sector, appears to focus on
speculative and problematic technology
options such as hydrogen fuel cells.

STRIKING THE BALANCE

Several challenges remain in taking ad-
vantage of technology’s potential contri-
bution towards reducing fuel use and
emissions of GHGs and other pollutants.
One is the already noted resistance to
what would be a requirement for wide-
spread ‘downsizing’ of vehicles,
amounting to the reversal of a trend to-
wards increased vehicle size and power
that has been continuing for more than a
decade.” Another arises from what is
known as the ‘rebound’ or Jevons ef-
fect,” whereby improved vehicle fuel
efficiency is offset at least to some de-
gree by increased transport activity re-
sulting from lower fuel cost per vehicle-
kilometre.

The Jevons effect with respect to auto-
mobile fuel efficiency has been said to
be such that a 10 per cent increase in
fuel efficiency causes travel to increase
by two to three per cent. Thus, assuming
no increase in power and weight, fuel
efficiency improvement results in a
net reduction in emissions but an in-
crease in adverse impacts specifically
related to the amount of travel, includ-
ing infrastructure costs, collisions, con-
gestion, and noise. Accordingly, it has
been argued that strategies directed at
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changing transport activity are prefer-
able, i.e., those designed to achieve
transport reduction, mode shifts, and in-
creases in occupancy or loading (see
Box 2). In particular, ‘positive’ travel
demand management (TDM) strategies
such as provision of location-efficient
mortgages are recommended over
‘negative’ TDM strategies such as fuel
tax increases because the former provide
consumer cost savings.”

Perhaps the most important point in de-
ciding how to balance the different kinds
of strategy is continuing doubt about
the efficacy of each type of measure. A
focus on fuel efficiency will likely not
result in progress towards sustainable
transportation unless supported by ap-
propriate legislation to avoid power and
weight increases, and by fuel taxes to
offset travel increases. The experience
with positive TDM measures appears to
be mixed.”® Fuel tax increases and other
negative TDM strategies can arouse
strong opposition.”’

What may be required is a balanced
package of strategies that draw on the
strengths of both technological change
and behavioural change. Thus, what
could be generally popular requirements
and incentives for fuel efficiency im-

Sustainable Transportation Monitor

provements could be balanced by fuel
tax increases that are just sufficient to
offset the Jevons effect, at least in the
short term.”® This part of the package of
measures could be supported by positive
TDM measures that help achieve both
reduction in vehicle movements and
shifts to environmentally more advanta-
geous modes.

Whether such a balanced package of
measures would secure sufficient pro-
gress towards sustainable transporta-
tion—and, incidentally, protection of the
economy against oil insufficiency—
depends critically on how the large po-
tential for fuel efficiency increases will
be exploited.

POSTSCRIPT ON INFORMA-
TION TECHNOLOGY

The focus so far has been on improve-
ments to fuels (not so promising) and ve-
hicles (much more promising). Techno-
logical improvements of other kinds,
notably in information technology
(IT), could also make a strong contri-
bution. A recent review concluded that
the effects of IT will be substantial and
likely such as to reduce transport activ-
ity. “Not since the introduction of the

100%

\ |
80%

Box 9. Schematic illustration of vehicle survival rate, penetration of tech-
nology into the new car stock and the total car stock
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automobile age has transportation been faced In the review there isttie consideration of the

with technological imptations of this scale’? possibility of ITinduced transport activity. Re-
ducing congestion, for example, can free up roads

However, the reviewers noted thittle rele- for more travel. E-commerce may encourage the

vant research has been conducted, except on establishment of larger and more distant stores,

telecommuting The thrust of this evidence is  thereby lengthening shopping trips. IT can help a

that telecommuting redes commuter travel, business serve a much wider area, even world

does not increase otheatel, and does not af-  wide, thereby increasing freight activity. To the

fect choice of travel mode or residential loca- extent that IT enhances efficiency, it can also en-

tion. hance the wealth of businesses and individuals,
which usually increases transport activity. By re-

The reviewers based their expectation that IT ducing transport’s transaoh costs (e.g., the cost

will be found to reduce transport activity mostly of purchasing an airline ticket), IT can reduce

on two potential impacts of IT. One isto en-  transport costs and thereby increase transport ac-

hance efficiency of operations, e.g., compariso tivity. °

shopping by consumers and businesses and

computerized scheduling of demand-driven trai Future research shouldaddress both IT's

sit. The other is to reduce congestion through transport-reducing and its transport-

provision of better information to transport sys- increasing effects. In tle meantime, little can

tem users and operators, including private vehi be concluded as to whether the extraordinary

cles on roads and public transit. They noted toc penetration of IT into domestic and business

that time spent on tetommunications could activity will help or hinder progress towards

displace time sgnt travelling. sustainable transportation

THE CENTRE FOR SUSTAINABLE TRANSPORTATION

The Centre is a federally chartered, non-profit organization. It began work in|1996

ments of the Government of Canada continue to contribute support.

in Canada by facilitating cooperative acts, and thus contributing to Canadian and
global sustainability.

To achieve its mission the Centre provides reliable information, fills knowledge|gaps
strategic policy advice in selected areas.

The Centre’s first publication was its Definition and Vision of Sustainable Trans
portation, published in mid 1997. You are reading the fifth issue of th&ustain-
able Transportation Monitor published annually from 1998 to 2000 and now
more frequently. All issues of theMonitor are available at the Centre’s Web site
as are the Centre’s other publicabns (visit www.cstctd.org). TheMonitor pro-
vides evaluation of progress towards or away from sustainable transportatioh
and discussion of related matters.

Comments on this issue of tMonitor and proposals as to what should be covered in
coming issues are much appreciated. E-msathe preferred mode of communicatipn

but feedback by any mode is welcorRéease see Page 1 for our e-mail address, fax
and phone number, and mailing addressContact the Centre as well if you would
like to find out how to become a corporate or individual member of the Centre.
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REFERENCE NOTES

North American oil consumption and Middle-East imports for
2000 are set out in the following table, which is based on BP
Amoco’s Statistical Review of World Energy 2001, available at
<www.bp.com/downloads/702/bpwebglobal.pdf>.

Millions of tonnes ME
Imports im;zorts
Total oil  from as % of
used ME use
Canada 82.9 5.2 6.3%
Mexico 84.3 0.9 1.1%
U.S. 897.4 124.5 13.9%
Totals | 1064.6  130.6 12.3% 10

Note that Canada and Mexico are both net oil exporters, almost
entirely to the U.S. In 2000, they supplied respectively 8.7% and
6.1% of U.S. consumption.

The version of the definition in Box 1 is that adopted by the Euro-
pean Union Council of Ministers for Transportation and Communi-
cations at its 2340th meeting, Luxembourg, April 2001.

The Centre’s vision of sustainable transportation is in the docu-
ment Definition and Vision of Sustainable Transportation, Centre
for Sustainable Transportation, 1997 (at <www.cstctd.org>).

Summary for Policymakers, Third Assessment Report, 2001 (at
<www.usgcrp.gov/ipcc/wglspm.pdf>).

Information about the OECD’s EST project is available at <www.
oecd.org/env/ccst/est>.

Much less stringent sustainability targets have been set. For exam-

ple, the organizers of a conference on sustainable transportation

energy strategies held in California in 1995 suggested the follow-

ing as “quantifiable indicators of a trend towards a more environ- 1
mentally sustainable system”: (i) reduce on-road criteria pollutant
emissions to the low-emission-vehicle (LEV) level over the full

life of vehicles and to lower levels in severely polluted areas; (ii)

reduce sector oil use by 10% by 2005 and further thereafter; (iii)

return sector GHG emissions to their 1990 level by 2015; and (iv)
increase renewable fuels to 15% of total transportation fuel use by

2015 and further thereafter. See p. 3 of DeCicco J, Delucchi M,
“Introduction and overview”, in DeCicco J, Delucchi M (eds.),
Transportation, Energy, and Environment: How Far Can Technol-

ogy Take Us? American Council for an Energy-Efficient Economy,
Washington D.C., 1997, pp. 1-20. 12

There were considerable differences among the expert teams in the
EST project. The estimated contribution of technological improve-
ment in respect of the movement of people ranged from 32 to 50
per cent (with the Canadian team near the average at 38 per cent).
For freight, the range was 27 to 60 per cent (with the Canadian
team again near the average at 47 per cent).

Box 3 is from Mary Manners (US EPA), Overview of the New Ve- 13
hicles and Engine Exhaust Emission and Fuel Quality Standards in

the U.S.A., Energy Outlook 2001 conference, Washington DC,
March 27, 2001 (available at <www.eia.doe.gov/oiaf/aeo/conf/
handouts.html>).

The US EPA notes that the kind of after-treatments indicated in
Box 3 do raise fuel consumption but expects that other design fea-
tures will compensate. The risk remains that vehicle operators will
disconnect after-treatment devices to reduce fuel use. (See Regula-
tory Impact Analysis for Final Rule: Control of Air Pollution from
New Motor Vehicles: Heavy-Duty Engine and Vehicle Standards
and Highway Diesel Fuel Sulfur Control Requirements, US EPA
Office of Transportation and Air Quality, December 21, 2000, at
<www.epa.gov/otag/diesel.htm>.)

A recent report for NAFTA’s Commission on Environmental Coop-
eration (CEC) concludes, “One result of the new emissions stan-
dards is that by 2020, truck emissions of NO, and PM;, per tonne-
kilometer will be considerably lower than rail in the U.S.-Canada
corridors.” The CEC report also concludes, “Trade-related emis-
sions of greenhouse gases and CO will not be reduced under the
new emission standards, and are therefore expected to rise substan-
tially by 2020. Under the baseline 2020 growth scenario, CO,
emissions from NAFTA trade will increase by 2.4 to 4 times over
their current levels.” The quotes are from ICF Consulting, North
American Trade and Transportation Corridors: Environmental
Impacts and Mitigation Strategies. Prepared for the Commission
on Environmental Cooperation, Montreal, February 2001, p. 9 and
p- 43. ‘PM,’ refers to particulate matter with diameter less than 10
micrometres (microns, or um). Such fine particles are small enough
to penetrate deep into the lungs. PM, 5 penetrates even more
deeply. Current concern is focusing on the adverse health impacts
of even smaller—so-called ultrafine—particles, with diameters of
less than 0.1 pm, that are the result of combustion processes in-
cluding those in vehicle engines (see Ruuskanen et al, Concentra-
tions of ultrafine, fine and PM, s particles in three European cities.
Atmospheric Environment, 35, pp. 3729-3738, 2001).

The quote is from p. 5 of the source detailed in Note 6. The men-
tioned article by Marc Ross and Tom Wenzel, entitled “Real-world
emissions from conventional passenger cars” is Chapter 2 of this
source. See also Chapter 3 of the same volume, by John German,
entitled “Federal test procedure revisions and real-world emis-
sions”. An additional factor is the range of individual driving pat-
terns. Under some road conditions, males’ driving patterns appear
to result in more emissions than females’ driving patterns (see
Ericsson E, Variability in urban driving patterns. Transportation
Research Part D. 5, pp. 337-354, 2000).

For the increase in emissions with vehicle life (specifically vehicle-
kilometres of activity), see for example Ntziachristostos L, Sama-
ras Z, Speed-dependent representative emission factors for catalyst
passenger car and influencing parameters. Atmospheric Environ-
ment, 34, pp. 4611-4619, 2000. The chapter by Ross and Wenzel
mentioned in Note 11 suggests that the decline may be due to mal-
function of emissions control systems, including catalytic convert-
ers, air and fuel intake controls, and associated components.

See the source detailed in Note 12 for evidence that CO, emissions
do not increase with vehicle age. Indeed, 46 vehicles tested on the

¥
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19

road for the Canadian Broadcasting Corporation suggested the
opposite result, i.e., that fuel intensity and thus GHG emissions
may decline with vehicle age. The test showed that on-the-road
fuel intensities are often considerably higher than rated fuel inten-
sities. This was the case in 34 of the 46 tested vehicles. Among the
vehicles tested, older vehicles were more likely to meet or exceed
rated new-vehicle fuel consumption. (See <cbc.ca/consumers/
market/files/cars/gasmileage/fuelsurvey.html>.) This could have
been because of a change in manufacturing practice that made new
vehicles perform less well on the road. Alternatively, fuel intensity
may indeed decline with vehicle age, perhaps in part because mal-
functioning emissions control systems require less energy (see
Note 12).

Canada Transportation Act Review Panel, Vision and Balance,
Public Works and Government Services Canada, Ottawa, June
2001, pp. 276-278.

Details of fuel use by year 2001 and earlier light-duty vehicles are
available at www.epa.gov/otag/fetrends.htm.

MacCready PB, “Vehicle efficiency and the electric option”, in
Greene DL, Dantini DJ, Transportation and Global Climate
Change. American Council for an Energy-Efficient Economy,
Washington DC, 1993, pp. 147-158.

Availability of conventional and other oil for transportation was
covered in some detail in Issue No. 2 of the Sustainable Transpor-
tation Monitor (February 1999), available at <www.cstctd.org>.
For a more recent—and especially compelling—perspective on oil
futures, see the presentation made by geologist Colin Campbell at
the Technical University of Clausthal, Germany, in December
2000. The text and graphics for this presentation are available at
<energycrisis.org/de/lecture.html>, together with a video of the
event. See also Defteyes KS, Hubbert's Peak: The impending
world oil shortage. Princeton University Press, 2001. For a brief
popular account, see Groppe H, Running down to the last drop,
Business Energy, supplement to the National Post, Toronto, Octo-
ber 2001, pp. 56-67. For a perspective on the societal implications
of the end of cheap oil, see Duncan R, World energy production,
population growth, and the road to Olduvai Gorge, Population and
Environment, 22(5), 2001, pp. 503-522. For a historical perspec-
tive, see Smil V, Energy in the Twentieth Century: Resources,
Conversions, Costs, Uses, and Consequences, Annual Review of
Energy and Environment, 2000, pp. 21-51.

1997 data on petroleum derivatives as a proportion of all transport
fuels are in International Energy Agency, World Energy Outlook
2000, p. 354.

For the proportions of electricity generation see the source in Note
18, p. 355.

According to Imboden DM, Jaeger C, Towards a Sustainable En-
ergy Future. Contribution to the OECD conference on “Energy: the
Next Fifty Years”, Paris July 1998, p. 13, the present world hy-
droelectric power production of 7.6 exajoules (of the total electric-
ity supply of about 50 EJ) involves 17 trillion cubic metres of wa-
ter a year, about 40% of the annual precipitation on land. Theoreti-
cally, the hydroelectric power yield could be increased to about 50
EJ by using every drop of rainfall three times for power production
before it reached the sea or evaporated. In practice, increasing ca-
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pacity much beyond the present level would cause profoundly ad-
verse impacts on aquatic ecosystems and on water supply for con-
sumption and irrigation. Nuclear plants presently produce a similar
amount of electricity to that produced by hydropower. Thus, in-
creasing nuclear generation to 50 EJ would require seven times as
many plants as the 450 or so in use today, and would then require
construction of about 75 plants a year to maintain capacity
(assuming there were enough fuel). Electricity comprises about
17% of final energy use, but its production uses 36% of primary
energy consumption (see the source in Note 18, p. 354).

For wind generation in Denmark see Andersen PD, Review of His-
torical and Modern Utilization of Wind Power. Risg National
Laboratory, Denmark, 1999 (at <www. www.risoe.dk/vea-wind/
history.htm>). ‘Unpaid costs’ are what economists call external
costs, i.e., the costs unpaid by users including environmental costs
and many accident costs. The external costs of different methods of
electricity generation were recently estimated for Europe—in euro-
cents per kilowatt-hour—as: coal and oil 5.7, peat 4.2, natural gas
1.8, biomass 1.4, photovoltaic 0.6, nuclear and hydropower 0.4,
and wind 0.1 (base electricity price per kWh = 4.0 eurocents; 1
eurocent = 1.4 Canadian cents) (see <europa.eu.int/comm/research/
press/2001/pr2007en. html>). Factoring in unpaid costs would ap-
pear to more than double the cost of coal and oil generation, but
hardly change the cost of wind generation. For wind-generation
potential and costs in the U.S., see Jacobson MZ, Masters GM,
Exploiting wind versus coal, Science, 293, p. 1483, 2001. A nota-
ble development in Canada is Calgary’s ‘Ride the Wind’ program,
which seeks to power the city’s light-rail transit system from wind
generation (Walton D, Is Calgary’s answer blowing in the wind?
Globe & Mail, August 13, 2001). For a broader Canadian perspec-
tive see Lilley W, Tilting at windmills, Business Energy, supple-
ment to the National Post, Toronto, October 2001, pp. 76-84.

According to Imboden and Jaeger (Note 20), photovoltaic produc-
tion of electricity is about ten times the cost of current production.
Some two million square kilometres of land (of a total of 137 mil-
lion km? for the inhabited continents) could be required to produce
today’s commercial energy.

If the energy required for production of materials and assembly per
square metre of photovoltaic array is more than the lifetime energy
yield per square metre, the system will act as an energy sink rather
than an energy source and will thus not be sustainable. The most
positive public report suggests that the energy payback time for
thin film copper indium diselenide photovoltaic modules is pres-
ently 9-12 years and would be about two years in full production
(Knapp K, Jester T, Empirical investigation of the energy payback
time for photovoltaic modules. Solar Energy, 71(3), 2001, pp. 165-
172). This assessment did not account for several energy costs,
including those involved in the production of inverters and backup
batteries.

Some of the challenges in shifting away from fossil fuel have been
touched on in Notes 20-23. Considering the most promising of sus-
tainable alternatives, wind, it may also be worth noting that where
worldwide windpower potential is perhaps 15 times current total
world energy use, it may not be realistic to consider supplying
more than 1% of total energy use (10% of total electricity use) by
2017. See The Most Frequently Asked Questions about Wind En-
ergy, American Wind Energy Association, at <www.awea.org/
pubs/factsheets/faqupdate.pdf>.
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Ready information on the net energy costs of electrification does
not seem to be available (e.g., the energy costs of production of the
cabling and other infrastructure), but these costs may well be sub-
stantially less on a full life-cycle basis than the savings from elec-
tric operation (see Note 26). The financial costs of electrification
vary considerably with circumstances. European experience, where
tens of thousands of kilometres of rail line have been electrified in
past four decades, suggests that they may be readily offset by re-
duced expenditures on energy, vehicle maintenance, and vehicle
replacement.

Available comparisons of trolley vehicles, including trains, with
comparable vehicles carrying their own fuel are surprisingly few.
One such comparison is Kalenoja H, Energy Consumption and
Environmental Effects of Passenger Transport Modes—A Life Cy-
cle Study on Passenger Transport Modes. Tampere University of
Technology (Finland), 1996. (An English summary is at <www.
trafikdage.dk/papers/papers96/tr_og_em/kaleno/kaleno.pdf>.) This
work found that for diesel trains the average energy use for opera-
tion was 815 kilojoules/passenger-kilometre. For other purposes—
infrastructure, vehicle production, fuel production and distribu-
tion—it was 275 KJ/pkm, for a total of 1090 KJ/pkm. The corre-
sponding usages by electric trains were 575, 250, and 825 KJ/pkm.
Thus, for electric trains, fuel use for operation was 29% less than
diesel trains; life-cycle fuel use was 24% less (see Figure 2.2 of the
cited document).

For an overview of some discontinued and current uses of off-road
trolley trucks see the summary at <hutnyak. com/Trolley/
trolleyhistory.html>. Extensive use of trolley trucks would require
massive electrification of highways and expressways that could be
justified in the way that rail electrification has been justified.

For an assessment of the required performance and life-cycle fi-
nancial costs for marketable battery-powered electric vehicles, see
Delucchi MA, Lipman T, An analysis of the retail and lifecycle
cost of battery-powered electric vehicles, Transportation Research
Part D, 6, pp. 371-404, 2001.

According to p. 44 of Future Wheels, Northeast Advanced Vehicle
Consortium, Boston, Mass., November 2000 (report to the U.S.
Defense Advanced Research Projects Agency, available at <www.
navc.org>), “both DaimlerChrysler and BMW have invested re-
search into hydrogen internal combustion engines” in the past two
decades.

Reforming of hydrocarbons (gasoline, methanol, natural gas) to
produce hydrogen involves mixing the feedstock and steam in the
presence of catalyst to produce hydrogen, CO, and CO,, further
steam treatment of the CO to produce more H, and CO,, and puri-
fication to remove CO, CO,, and other impurities. (See the source
in Note 29, pp. 41-42, also for variants on this process.)

Box 5 is Table 4 in the source detailed in Note 29.

According to the source in Note 29 (p. 48), hydrogen causes em-
brittlement in conventional pipes.

For the auto companies’ strategies, see Crosse J, Fuel cell future.
Automotive World, pp. 38-43, November 2000.

Off-board production of hydrogen from natural gas (with on-board
storage of hydrogen) results in considerably lower levels of GHG
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emissions per vehicle-kilometre than on-board reformation from
gasoline or methanol (see Pembina Institute for Appropriate Devel-
opment, Climate Friendly Hydrogen Fuel: A Comparison of Life-
cycle GHG Emissions for Selected Fuel Cell Production Systems,
report prepared for the David Suzuki Foundation, Vancouver,
March 2000, as cited in Note 29).

According to the source in Note 29 (p. 45), the ratios of weights
and volumes of hydrogen fuel systems to those of an equivalent (in
energy terms) gasoline fuel system, including fuels, are: com-
pressed hydrogen, 1.8 and 7.9; liquefied hydrogen, 0.5 and 4.4;
metal hybrid, 2.9 and 3.0. Liquefaction’s weight advantage is offset
by loss of 25% of the fuel during refueling and 1% a day during
storage.

Notwithstanding the indicated challenges, Iceland is planning to
develop the first hydrogen-based energy economy over the next 30
years. Already 68% of energy use is from renewable sources—
mostly geothermal but also some hydropower—including most of
the heating of buildings and all the electricity supply. Perhaps only
1% of Iceland’s potential geothermal power has been exploited,
and there is much potential for wind generation (see Dunn S, Ice-
land sees the future — in hydrogen. World Watch Institute, Wash-
ington DC, December 2000, at <www.enn.com/ features/2000/12/
12262000/iceland_40835.asp?P=1>).

Under CAFE (Corporate Average Fleet Economy) rules, U.S. auto
manufacturers receive credits for producing dual-fuel (gasoline-
ethanol) vehicles. “This has allowed them to sell more gas-
guzzling sport utility vehicles.” (Bradsher K, Barboza D, Admini-
stration seeks to retain aid to ethanol, New York Times, June 21,
2001) Apparently, only 101 of 176,000 service stations in the U.S.
sell ethanol fuel (actually 85% ethanol with 15% gasoline, known
as E85) and almost none of the dual-fuel vehicles use E85. The
executive director of the National Ethanol Vehicle Coalition was
reported as saying, “I’d be the first to admit that 99.5% of E85 ve-
hicles don’t use E85”. Ethanol has been used as a transport fuel in
the U.S. at least since 1908, when Henry Ford supported home-
grown renewable fuels and produced Model Ts to run on gasoline
or pure ethanol. (DiPardo J, Outlook for biomass ethanol produc-
tion and demand. U.S. Energy Information Agency, 2000, at
<www.ceia.doe.gov/oiaf/analysispaper/biomass.html>).

For the energy balance and land use in U.S. ethanol production
from corn by fermentation see Pimentel D, “Biomass Utilization,
Limits of” in Encyclopedia of Physical Sciences and Technology,
Third Edition, Volume 2, Academic Press, New York (in press,
2002, proof available at <www.academicpress.com/epst/biomass.
pdf>). Tables 3 and 4 of this source indicate that an energy input of
36.4 gigajoules is required to produce 1000 litres of ethanol, which
has an energy value of 21.3 GJ. Thus, 71% more energy is required
to produce the fuel than the fuel provides, meaning that the process
is an energy sink rather than an energy source. The largest energy
input is the heat required for distillation, i.e., 19.3 GJ. If irrigation,
the largest energy input in corn production, is not a factor, the total
energy requirement per 1000 litres is reduced by 4.1 GIJ.

See the paper by Lynd L, “Cellulose ethanol technology in relation
to environmental goals and policy formation” in the volume edited
by DeCicco and Delucchi detailed in Note 6. A recent report for
the Saskatchewan Research Council estimates potential annual
Canadian ethanol production from such methods as at least 300
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billion litres, equivalent in energy provision to about 200 billion
litres of gasoline or about six times Canada’s annual road gasoline
use (see Canadian Report on Fuel Ethanol, Ottawa, Vol. 1(19),
June 5, 2001). A leader in the production of ethanol from cellulose
is the Canadian firm Iogen Corporation (see<www.iogen.ca>).

A more skeptical assessment of commercial production of ethanol
from cellulose is in Foran B, Mardon C, Beyond 2025: Transitions
to a Biomass-Alcohol Economy Using Ethanol and Methanol.
CSIRO, Canberra, Australia, December 1999 (at <www.dwe.csiro.
au/research/futures/publications/Biomassfuels.pdf>).

According to the source detailed in Note 40, ethanol production by
lignocellulosic conversion costs about Can$1.50 per litre (equi-
valent to about Can$2.25/1 of gasoline) and results in a net energy
yield of about 90% (each gigajoule of energy input results in etha-
nol with an energy value of about 1.9 GJ). Methanol production
involving gasification costs about Can$0.64/1 (equivalent to about
Can$1.30/1 of gasoline) and results in a net energy yield of about
70%.

Martin Houston, executive vice president responsible for LNG at
BG Group, has said LNG is competitive with piped natural gas at
distances over about 2,000 kilometres (at <www.mideastinfo.com/
library/cw-Ing-rules. htm>). According to p. 52 of the source de-
tailed in Note 29, natural gas movement by pipeline is one of the
safest ways to transport energy. However, rupturing of an LNG
tanker results in a high probability of fire; when spilled into water,
LNG undergoes rapid vapourization resembling an explosion.

See the Web site of the B.C. company Westport Inc. at <www.
westport.com> for use of CNG in diesel engines.

DeCicco J, Lynd L, “Combining vehicle efficiency and renewable
biofuels to reduce light-vehicle oil use and CO, emissions”, a
chapter in the volume detailed in Note 6.

Here are statements by two experts on the availability of natural
gas in North America:

“Outwardly the production projections ... are confusing and even
contradictory. But they really carry the same message: the limits of
the Western Canada Sedimentary Basin (WCSB) are being recog-
nized.” Robert Woronuk (member of the Canadian Gas Potential
Committee), Canadian gas supply: going up? or going down? Pre-
sentation to the Ontario Petroleum Institute, Niagara Falls, On-
tario, December 1999 (at <tabla.geo.ucalgary.ca/ NatGasCan/
opipaper.pdf>).

“North American natural gas has no excess capacity. It disappeared
several years ago. What we do have is extremely aggressive de-
cline rates in almost every key production basin making it harder
each season to keep current production flat. The electricity busi-
ness has also run out of almost all existing generating capacity,
whether this capacity is a coal-fired plant, a nuclear plant or a dam.
The electricity business has already responded to this shortage.
Orders for a massive number of natural gas- fired plants have al-
ready been placed. But these new gas plants require an unbeliev-
able amount of natural gas. [The] supply is simply not there.” Mat-
thew Simmons, Energy in the new economy: the limits to growth
(at <www.simmonsco-intl.com).
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According to Nikiforuk A, The next gas crisis. Canadian Business,
August 20, 2001, the July 2001 supply outlook by the Alberta En-
ergy and Ultility Board “predicted that conventional natural gas
production in Alberta, Canada's key producer, would peak by 2003
at 5.3 tcf and therefore decline by 2% a year for the next five years.
Over the next decade, Alberta will have exported or burned up
about three-quarters of its potential gas reserves. It's a case of go-
ing, going, gone.” The Canadian Natural Gas Potential Committee
was set to release a 600-page report—at $15,000 a copy—in Sep-
tember 2001 that identifies what is left and where it is. Nikiforuk
quotes Woronuk (author of the first quote above) as saying, “The
direction is clear. There is not enough gas left in existing basins.
It’s going to get worse. That means demand has to go down or sup-
ply is going to be very, very tight.”

Aviation’s impacts and prospects were discussed in some detail in
Issue No. 3 of the Sustainable Transportation Monitor (March
2000), available at <www.cstctd.org>. In a chapter entitled
“Commercial air energy use and emissions?” in the volume de-
tailed in Note 6, David Greene concluded that while air travel has
had the highest rates of efficiency improvement among all trans-
port modes in recent years, even optimistic estimates of future rates
are lower than projected air travel growth rates; technological and
operation improvement will not keep pace with growth in demand,
let alone actually reduce emissions and energy use. (The new tra-
jectory for the aviation industry after September 11 may warrant a
different conclusion.) For competition from/cooperation with high-
speed train services, see Patterson J, Perl A, The TGV effect: A
potential opportunity for reconciling systainability with aviation,
World Transport Policy & Practice, 5(1), pp. 39-45.

For energy use by high-speed trains, see Table 3.3-1 (p. 77) of En-
quete Commission of the German Bundestag, Mobility and Cli-
mate: Developing Environmentally Sound Transport Policy Con-
cepts. Economica Verlag, Bonn, Germany, 1995. Note that the im-
pacts of high-speed trains’ relatively high energy use vary greatly
according to how the electricity that powers them is generated.
Emissions of GHGs, for example, are zero or very low when hy-
dropower or nuclear power is used, and as high per person-
kilometre as automobile use when power stations are coal-fired.

Regarding high-speed train noise, Raoul J-C, How high-speed
trains make tracks. Scientific American, October 1997, noted, “At
high speeds, the sound level increases exponentially. The rise
caused by aerodynamic effects is especially huge, proportional to
the sixth power of the speed.” He also noted several design features
to reduce noise, including shielding of underframe devices, use of
only one pantograph per train, and improvements in wheels.

Transport Bureau, Hong Kong, Feasibility Study on Introducing
Trolleybus System in Hong Kong, Report to the Legislative Council
Panel on Transport, June 2001. See also the May 2001 decision of
the Greater Cleveland Regional Transit Authority to use
“futuristic” hybrid-electric buses rather than trolley buses along
Euclid Avenue, Cleveland’s main thoroughfare, from 2006, to pro-
vide greater flexibility and to avoid the visual impact and cost of
stringing overhead wires. See <euclidtransit.org/pressrelease/
press050901.html>. Nevertheless, over 340 cities in Asia, the
Americas, and Europe have trolley bus systems (Hopkinson L,
Skinner S, Cleaner Vehicles and Fuels: The Way Forward, Civic
Exchange, Hong Kong, July 2001, available at <www.civic-
exchange.org>.)
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See Goldstein J, Brown I, Koretz B, New developments in the
Electric Fuel Ltd. zinc/air system. Journal of Power Sources, 80,
pp- 171-179, 1999, and also the Web site of Metallic Power Inc. at
<www.metallicpower.com>. Potentially more promising than zinc-
air systems may be the aluminum-air systems under development
in Toronto (see <www.aluminum-power.com>).

Walter Grove reasoned in 1839 it should be possible to generate
electricity by reversing the electrolysis process; the term ‘fuel cell’
was coined in 1889; but the first practical demonstrations did not
occur until 1959 (see What is a Fuel Cell, Fuel Cell Commerciali-
zation Group, at <www.ttcorp.com/fccg/fc_whatl.htm>).

There are other kinds of fuel cell than the hydrogen fuel cell dis-
cussed here, e.g., the methanol fuel cell (see Baldauf M, Preidel W,
Status of the development of a direct methanol fuel cell. Journal of
Power Systems 84, pp. 161-166, 1999).

Box 6 is taken from Figure 14 of the source detailed in Note 29,
which in turn is based on the source detailed in Note 34. See also
Ekdunge P, Raberg M, The fuel cell vehicle analysis of energy use,
emissions and cost. International journal of Hydrogen Energy, 23
(5), 1998, pp. 381-385; Kolke R (German Environmental Protec-
tion Agency, UBA), Alternative and advanced propulsion systems
from the environmental point of view. Presentation at the Global
Powertrain Congress, Detroit, U.S.A., 1998; and Keller M, Zbin-
den R, EST-Alpine: Feasibility of the technological changes, IN-
FRAS, Berne, Switzerland, April 2000.

For comparative NOy emissions, see the sources in Note 53. Life-
cycle NOy emissions from fuel cell operation were found to be
lower except when hydrogen is produced by electricity at the mar-
gin from the U.S. national grid.

The source cited in Note 33 includes the following, “Build one
million compact automobiles a year and you would need to manu-
facture 11,000 pistons a day for their four-cylinder engines. ... A
current fuel-cell prototype has a stack containing 200 fuel cells and
a production version may well contain 400 cells. Build the same
number of automobiles on that basis and somebody has to turn out
around one million individual cells per day, along with almost
3,000 kilometres of rubber seals to join everything together” (p.
38).

Borgwardt R, Platinum, fuel cells, and future US road transport.
Transportation Research Part D, 6, 2001, pp. 199-207.

The mass production estimate is based on Lipman TE, Sperling D,
Forecasting the costs of automotive PEM fuel cell systems — using
bounded manufacturing progress functions. In IEA, Experience
Curves of Policy-making: The Case for Energy Technologies, Pro-
ceedings of an International Energy Agency workshop held in
Stuttgart, Germany, May 10-11, 1999, and also on Klaiber T, Fuel
cells for transport: can be promise be fulfilled? Technical require-
ments and demands from customers. Journal of Power Sources,
61, pp. 61-69, 1996. An output of some 50 kilowatts is required for
an auto drive train. Presently, manufacturers’ costs appear to be
about $100,000 per vehicle for a fuel-cell system and about $2,500
per vehicle for an ICE system.

Box 7 is based on data in Table 7.22 of Transportation Energy
Data Book 20, Oak Ridge National Laboratory, U.S.A., 2000.
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Box 8 is based on manufacturers’ information. Note that the Prius
performs better in urban driving than on highways, and the Insight
does not. This may be because the Prius has a relatively larger bat-
tery system that takes the vehicle to a higher speed before the ICE
starts up. For 2002, Honda has introduced an Insight version with
automatic gearshift that, according to the U.S. EPA’s annual fuel
economy statistics issued on October 9, 2001, uses 4.1 1/100 km
urban driving and 4.2 1/100 km in highway driving (vs. 3.5 and 3.9
1/100 km for the manual-shift version).

Honda has announced that a hybrid-ICE version of its Civic sub-
compact model for sale in North America early in 2002 (Detroit
News, September 4, 2001). U.S. manufacturers have said they will
start marketing hybrid-ICE vehicles in 2003, perhaps partly in re-
sponse to a bill before Congress that would provide credits of
$250-$4,500 to purchasers of hybrid-ICE vehicles according to fuel
savings. DaimlerChrysler is to produce a hybrid-ICE SUV, achiev-
ing 10.7 1/100 km rather than the 13.8 1/100 km of the regular ICE
model (Dodge Durango). This announcement has drawn criticism
on the grounds that the tax credit should be applied only to low-
fuel-use vehicles (Simon R, Jones TY, Measure puts SUVs on road
to tax credits. Los Angeles Times, August 26, 2001).

A hybrid electric-ICE application for short-haul trucks (fuelled by
compressed natural gas) is under development at the University of
California (<www.its.ucdavis.edu/hveg/hveg.html>).

For the comparisons with hybrid electric-diesel buses, see <www.
users.qwest.net/~kryopak/BusDualFuel.htm>.

In the U.S., the Prius sells for close to $20,000. The similar ICE-
based Toyota Echo, rated at 7.4 1/100 km, has a base price of
$11,325. Production of each Prius has been said to require a sub-
sidy by Toyota of up to $30,000 (see Peters E, Hybrids: wave or
ripple? The Car Connection, July 9, 2001, at <www.the carconnec-
tion.com/index. asp?article=3862>).

This conclusion is supported by Duleep KC, in Chapter 7 of the
volume detailed in Note 6, entitled “Evolutionary and revolution-
ary technologies for improving fuel economy”. He concluded that
advanced technology vehicles will offer only modest gains in effi-
ciency over advanced gasoline vehicles but will cost several thou-
sand dollars more.

Committee on CAFE standards, Transportation Research Board,
National Research Council, Effectiveness and Impact of CAFE
Standards. National Academy Press, Washington DC, July 2001.

The view that small cars will not take hold in North America is
supported by information in the Los Angeles Times article cited in
Note 60. There is a waiting list in the U.S. for the Toyota Prius, but
demand for the small and lighter Honda Insight has leveled off at
5,000 per year with no significant waiting period. There are two
issues here. One is whether small vehicles are intrinsically less
safe, or less safe only when they are in collisions with larger vehi-
cles (which is more likely to happen when small vehicles are in a
minority). The data are inconsistent on the first issue but clear on
the second issue: other things being equal, collisions between vehi-
cles are worse for occupants of the smaller vehicles. See, for exam-
ple, Kahane CJ, Relationships between Vehicle Size and Fatality
Risk in Model Year 1985-93 Passenger Cars and Light Trucks,
Report # DOT HS 808 570, US National Highway Traffic Safety
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Administration, January 1997, at <http://www.nhtsa.dot.gov/cars/ 76
rules/regrev/evaluate/808570.htm]>.

See Van Wee B, Moll HC, Dirks J, Environmental impact of scrap-
ping old cars. Transportation Research Part D, 5, 2000, pp. 137-
143. One estimate for the average 1995 model-year North Ameri-
can car suggested that production required 143 megajoules, opera-
tion 578 MJ, and disposal recaptured 54 MJ through recycling
(Das S, et al, Automobile recycling in the United States: energy
impacts and waste generation. Resources, Conservation and Recy-
cling, 14, pp. 265-284, 1995).

The estimate of the impact of raising vehicle purchase prices is

based in part on the estimate of the long-term elasticity of demand 77
for new vehicles of -0.36 in Hymans S, Consumer durable spend-

ing: explanation and prediction. Brookings Papers on Economic

Activity, No. 2, 1970. The calculation in the text assumes (i) a car

loses 50% of its value over the first five years, (ii) additional main-
tenance costs over its remaining life are about a quarter of its ini-

tial value, and (iii) purchase costs are three quarters of fixed costs.

Box 9 is from OECD, Policy Instruments for Achieving Environ-
mentally Sustainable Transport, 2001.

Gaines L, Stodolsky F, Cuenca R, Eberhardt J, Life-cycle Analysis

for Heavy Vehicles. Paper presented at the Annual Meeting of the 78
Air & Waste Management Association, San Diego, California,

June 1998 (at <www. transportation.anl.gov/ttrdc/ publications/
papers/heavylifecycle/heavylifecycle.html>).

The main early improvement will be reduction in sulphur content,
particularly of diesel fuel. Sulphur in fuel limits the effectiveness
of emissions control systems. Availability of low-sulphur diesel
fuel will be a key factor in implementation of the tight standards
illustrated in Box 3.

For pointers to discussion of the end of cheap oil, see Note 17.

On the increase in the size and power of vehicles in North Amer-
ica, see EPA, Light-Duty Automotive Technology and Fuel Econ-
omy Trends, 1975 Through 2001, U.S. Environmental Protection
Agency, October 2001 (at <www.epa.gov/otag/cert/mpg/fetrends/
r01008.pdf>). For Europe, see Van der Brink RMM, Van Wee B,
Why has car-fleet fuel consumption not shown any decrease since
1990? Quantitative analysis of Dutch passenger car-fleet specific
fuel consumption. Transportation Research Part D 6, pp. 75-93,
2001. These sources note that increases in power and weight offset
just about all the improvements made in engine fuel efficiency

during the 1990s. %0

Named after the 19th-century British mathematician and political
scientist William Stanley Jevons, who noted that improvements in
the efficiency with which coal was used did not necessary lead to
use of less coal.

These arguments are made in Litman T, Efficient vehicles versus
efficient transportation: Comprehensive comparison on fuel effi-
ciency standards and transportation demand management, pre-
pared for presentation at the Annual meeting of the Transportation
Research Board, Washington DC, January 2002 (available at
<www.vtpi.org>). The estimate of the Jevons (rebound) effect is
from that paper.
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See, for example, Marshall S, Banister D, Travel reduction strate-
gies: intentions and outcomes, Transportation Research Part A, 34,
pp- 321-338, 2000. These authors evaluated impacts of various
travel reduction strategies and concluded, “The strategies to some
extent achieve reduction in car travel, mainly through switching to
other modes, although also through reduced travel distance. How-
ever, the scale of the reduction is relatively small and may be offset
by new traffic generation.” For a more optimistic perspective, see
the Victoria Transport Policy Institute’s TDM Encyclopedia at
<www.vtpi.org>, and also TDM Success Stories, Office of Urban
Mobility, Washington State Department of Transportation, 2001, at
<www.wsdot.wa.gov/mobility/ TDM/TDMsuccess.html>.

The experience in the UK is instructive. In 1993, the then Conser-
vative government introduced the Fuel Price Escalator (FPE) to
stem the growth in traffic (especially to avoid new expressway
construction) and to raise revenue. The FPE was set initially to
raise pump prices annually by 3% above the inflation rate and then
by 5%. On taking office in 1997, the Labour government raised
fuel taxes further—to over 80% of pump prices; they were now the
highest in Europe—but then scrapped the FPE on the grounds it
left no room for due political process. When world oil prices rose
in 2000, fuel taxes were reduced in response to the Labour Party’s
largest fall in opinion poll ratings since 1992.

As it happens, the tax increase required to offset the Jevons effect
could leave consumers in an even position, i.e., they would be pay-
ing about the same as before the fuel efficiency increase. This is
based on estimates of the short-term price elasticity of fuel de-
mand. These appear to be in the order of -0.25 (see Goodwin PB, A
review of new demand elasticities with special reference to short
and long run effects of price changes. Journal of Transport Eco-
nomics and Policy, 26(2), pp. 155-169, 1992), i.e., of the same or-
der as the Jevons effect. Longer-term elasticities are higher, possi-
bly because higher fuel prices cause purchasers to buy more effi-
cient vehicles. Thus fuel tax increases coupled with mandated fuel
efficiency improvements could have a ‘hidden’ bonus as the vehi-
cle fleet changes over. (See Plotkin SE, Greene D, Prospects of
improving the fuel economy of light-duty vehicles. Energy Policy,
25, pp. 1179-1188, 1997 for more conservative elasticity esti-
mates.)

The review of IT’s potential impacts—from which the quote is
drawn—is Golob TF, Regan AC, Impacts of information technol-
ogy on personal travel and commercial vehicle operations: research
challenges and opportunities. Transportation Research Part C, 9,
pp. 87-121, 2001.

Several of these transport-inducing potential effects of IT, and oth-
ers, are discussed in Cortwright J, Transportation, Industrial Loca-
tion and the New Economy, paper for presentation at a conference
entitled “Transportation and Economic Development 2001” now to
be held by the Transportation Research Board of the U.S. National
Research Council in Portland, Oregon, May 5-7, 2002 (the full
version of this paper is available at <www.intermodal.org/
cortrightpaper.pdf>), and also in Romm J, Rosenfeld A, Herrmann
S, The Internet Economy and Global Warming: A Scenario of the
Impact of E-commerce on Energy and the Environment, December
1999, at <http://www.cool-companies.org/energy/ecomm.doc>.

Page 16

The Centre for
Sustainable Transportation

® ¥





