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Ethanol-powered Buses in Skaraborg

Summary

In Sweden, a programme to
demonstrate the use of ethanol asa
fuel for buses, trucks and cars has
been underway since 1991. In total,
more than 300 ethanol -powered
buses are running in various cities
in the country. In Skaraborg county,
15 Scania buses equipped with a

An ethanol-powered bus.

third generation of ethanol engines
have been running for five years.
Tests clearly show that levels of
regulated as well as unregulated
emissions are well below those for
the diesel aternative. The project
has demonstrated that ethanol isa
viable fuel option, although it
cannot yet compete with fossil fuels
in today’s market conditions.

v A third generation of ethanol-
power ed buseson themar ket

v Nonet greenhouse effect as
thefuel isrenewable

v Substantial reduction of
nitrogen oxides, particulates
and other emissions
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Project Background

Since the first generation of ethanol-
powered buses was introduced in
Sweden in the beginning of 1980s,
there have been tremendous
developments. The oldest of the
buses have been driven for more
than 600,000 km. After
demonstrations in a number of
cities, athird generation of ethanol-
powered engines has enterered the
market, and there are now more
than 300 buses running.

Theuseof ethanol asasubstitutefor
diesd resultsinlessemitted
greenhousegasesasthefud ismade
from biomass. At thesametime, other
emissionssuchasnitrogenand
particulatesaredramatically reduced.
Theresult will beacleaner and more
healthy environmentin city centres, as
well asasubstantial contribution

towardscontrolling theclimate change.

The Project

The project in Skaraborg county is

Table 1: Comparison of Exhaust Emissions

Emissions EURO Il Diesel Bus
(g/kwWh) standard Standard Best  Ethanol Bus
1996 1993 available* Skaraborg
Particulates 0.15 0.7 0.05 0.04
Oxides of Nitrogen 7.0 14.0 6.3 3.93
Carbon Monoxide 4.0 5.0 0.1 0.13
Hydrocarbons 1.1 15 0.1 0.09
Carbon Dioxide Yes Yes Yes No

* Swedish solution using catalysts, particulate traps and cleanest available diesel (envirodiesel).

one of anumber of Swedish
demonstrations aiming to show that
ethanol-powered buses perform
better than those using the best
available diesel engines. In
Skaraborg, afleet of 15 buses has
been evaluated. The evaluations
included the analysis of the results
of regular emission tests and
measurements of fuel consumption.
The buses have been used in city
traffic and rural areas.

The aim of the project was to create
the basis for adecision regarding
the future of large-scale
introduction of ethanol busesinto
public transport. Three goals were
set up:

v theenvironmental goal
ethanol-powered buses must
give cleaner exhausts than the
best available diesel buses;

v therdiability goal
ethanol-powered buses must
have at least the same reliability
as diesel-powered buses;



v the economic goal
at the end of the testing period,
the costs to own and use
ethanol-powered buses must be
comparable with the costs for
diesel-powered buses when
including the value of the
reduction of exhaust emissions.

Since the project started in 1993,
the 15 buses have in total run for
about 3 million km. During this
period, data have been collected on
fuel consumption and costs for
operation and maintenance, as well
ason regular performance
standards. During the test period
detailed emission tests were also
carried out.

The project included two types of
buses — five new Scania buses
designed for ethanol use, and 10
older Scania buses converted for
ethanol use. The type of engine
used is the same for all buses and
isthe third generation of itskind.
It has a higher compression ratio
than the standard diesel engine
(24:1) and is equipped with turbo
charger and intercooler. The buses
have newly-devel oped oxidation
catalysts, resulting in very low
levels of regulated and

unregul ated emissions. Some of
the earlier problems with odour
from acetic acid in the emissions
were also solved. Thefuel used is
95% bio-based ethanol from
forestry by-products and, for some
periods, wine-ethanol. A newly-
developed ignition improver
(Beraid) and denaturants were
added. As new theignition
improver is more effective than
the previous material, smaller
guantities are needed in the fuel
for satisfactory ignition properties.
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Results from a life-cycle analysis of CO, emissions from bus fuels.

The emission tests show that
regulated and unregul ated emissions
have been reduced to levels lower
than today’s standard for diesel-
powered buses. As the ethanol-
powered buses are using renewable
fuels, their net emission of carbon
dioxide is almost zero. Hence, the
use of vehicleslike thison alarger
scale can make substantial
contributions to the reductions in
global warming and improve the
health and environment in city
centres.

Performance

After afive-year test period, it is
clear that the ethanol-powered buses
generate far lower emissions of
nitrous oxides and particulates than
diesel-powered buses. There are no
net carbon dioxide effects as the
raw material is domestic wood —a
renewable fuel. The average fuel
consumption has been 0.7 litres/km.

The operator, bus drivers and
technical staff, aswell as customers,

are very pleased with the buses.
After someinitial minor technical
problems, not related to the fuel
used, the performance has been
good. The general conclusion is that
the availability is similar to that of
standard diesel-powered buses.

Economics

The major factor affecting the
economicsisthe fuel price. Today’s
fuel prices do not reflect the actual
environmental costs to society.
Using biofuelsinvolvesincreased
costs for vehicle operators but the
environmental benefits are not fully
measured. However, using
environmental ‘ shadow-prices’, the
results are positive. For this project,
additional costs for vehicles related
to ethanol use were about

SEK 100,000/bus (where SEK is
the Swedish krona) for the new and
converted buses. If the number of
ethanol engines and vehicles
delivered increases, the production
costs will reduce to that of diesel
buses.

Technical Brochure No.91




Please write to the address below if you require more information.

Host Company

Lanstrafiken

Box 123

S-54123 Skdvde

Sweden

Contact: Mr Thorild Hellmuth
Tel: +46 500 41 43 00

Main Equipment Supplier
Scania

S-64181 Katrineholm
Sweden

Contact: Mr Paul Ljunggren
Tel: +46 150 58 500

Fax: +46 150 53 230

M onitoring Agent

Swedish Transport and
Communications Research Board
Box 5706

S-11487 Stockholm

Sweden

Contact: Mr Tommy Mansson
Tel: +46 8 459 17 00

Fax: +46 8 662 66 09

E-mail: tommy.mansson@enen.se
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CADDET Centre for Renewable Energy
ETSU, Harwell

Oxfordshire OX11 ORA

United Kingdom

Td: +44 1235 432719

Fax: +44 1235 433595

E-mail: caddet.renew@aeat.co.uk

International Energy Agency

The International Energy Agency (IEA) isan
autonomous body which was established in 1974 within
the framework of the Organisation for Economic
Co-operation and Development (OECD) to implement
an international energy programme.
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CADDET

CADDET was set up in 1988 as an IEA Centrefor the
Analysis and Dissemination of Demonstrated Energy

Technologies. Today, there are two CADDET operations:

oneis for energy-efficient technologies and the other for
renewable energy technologies. The Centres co-operate
with member countries in the exchange of high quality
information on energy technologies.

Disclaimer

Neither CADDET, nor any person acting on their

behalf:

(a) makes any warranty or representation, expressed or
implied, with respect to the information contained in
this brochure; or

(b) assumes any liabilities with respect to the use of this
information.

See the whole range of CADDET Renewable Energy projects on www.caddet-re.org
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