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Summary
BSR was given the task to convert three vehicles from petrol use to E85 use, exploring the
possibilities, advantages and any difficulties.
During the BEST project the Swedish government has, being influenced by BSR, presented a new
legislation, active since July 1st 2008, which allows E85 conversion of petrol cars. The rules and
regulations are strict and the requirements on the conversion kits as well as on the company producing
them are very high.
The results from the emission testing clearly suggest that it is feasible to achieve the emission levels
required. Meeting the requirements with cars older than 5-7 years is a challenge (due to very strict
regulations) but still possible.
In addition to the evaluations required (CO, HC and NOx), BSR have performed evaluations of
aldehydes, hydrocarbon analysis, fuel consumption as well as durability studies. Some evaluations
remain and they are due in the latter part of 2009.
Racecars converted by BSR have given extraordinary engine performance and as a result, ethanol is
today a very common fuel amongst racing teams and 85% of the teams have abandoned petrol in favor
of E85. Today, leagues for Clean vehicles are present in the racing world.
BSR have received a lot of attention in media as a result of all efforts in converting petrol vehicles,
both nationally as well as internationally and BSR have actively participated in the often biased
discussion regarding ethanol fuel. Furthermore, BSR have received several awards, both locally as
well as nationally so clearly, the interest in conversions of fossil petrol cars is large.
On top of all the advantages that ethanol brings, it has however become obvious that financial
incentives are necessary to win the every day car owners interest for converting his or her vehicle for
E85 use. The Swedish government has granted new Clean vehicles with such financial incentives, but
these are not applicable for converted cars. Several suggestions are available for how converted cars
could be part of this incentive plan, but so far no final rules are available. Another important approach
in achieving interest in converting vehicles is to make sure that the fuel price for driving a car on
ethanol must always be lower than driving the same car on regular petrol. This can easily be controlled
through tax levels.
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Introduction
E85 fuel history in the southern parts of Sweden
BSR began to work actively with ethanol conversions in 1997
as we, by former environmental manager in the city of Växjö Malte Sandberg, were given the task to convert his official
vehicle from petrol use to E85 use. At that time, only one filling
station offered E85 and the interest for the fuel was very low
and the filling station had plans to shut the E85 pump down.
One major problem with converting a petrol car for E85 use
was that Swedish government at that time wasn't interested in
using E85 as fuel and that the car actually became illegal to use
whilst E85 was present in the fuel tank of the car. Despite all
this, Sandberg was convinced that the ECO friendly ethanol
based fuel was the right way to go and this caught the medias
attention and with great courage and determination Sandberg
finally managed to get the proper approvals for running the car
on E85.
This was the starting point for developing conversion
technologies for E85 use, primarily in the southern parts of Sweden but also in other parts of the
country as well. The interest for E85 was still limited from a commercial point of view which became
evident for Per Carstedt (SEKAB / BAFF) in his position as Ford car dealer when he imported
300 Ford Taurus vehicles in the mid-nineties.
After this, several projects with E85 has been completed at BSR, among others Skoda 1.8T, year
model 1999 for the city of Växjö.

BSR is influencing the authorities
BSR have, since 1997, worked actively to influence the
Swedish authorities regarding improvements in national fuel
legislations, among other things in our role as referral body
for “Exhaust Cleaning 2000”.
The aim was and is to establish a certification system for
accessories and tuning systems, which also was supported by
the Special Traffic Committee and the Swedish Ministry of
the Environment. A brief description of our extensive body
of work can be found on our website www.bsr.se
Also, BSR was a part of instituting “Miljöfordon Syd” (ECO vehicles south) together with Malte
Sandberg. Over the years, BSR have attended numerous seminars regarding alternative fuels and
“Miljöfordon Syd” arranged two very popular seminars in 2004 and 2005 where major focus was
conversions of petrol engines. BSR took a major role and called attention for the need of a proper
approval system when converting vehicles as this was lacking, not only in Sweden, but also in the EU.
Our efforts resulted during 2005 in actions from the Swedish Road Administration, who on behalf of
the Government produced a proposal regarding conversion of vehicles for alternative fuels. The
proposal was presented on 1 October 2005 and was processed by the Parliament during 2006 and
2007. The law was effected 1 July 2008.
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The company BSR
BSR is a Swedish high-tech company and is the market leader in optimization of car engines, both in
terms of performance and environmental control.
BSR offers professional tuning services using the tuning technology PPC® Tuning system developed
by BSR.
BSR has a high level of competence and experience in programming, engine and emission technology,
and since 1991, we have performed optimization of car engine control programs. Comprehensive test
equipment combined with our own programs for emulation and optimization gives us a market leading
position.
BSR has its own product development, mainly for Volvo, Saab, VAG, Ford and Opel. BSR also
develops full flow exhaust systems, sport air filter and Opti Flow kits. BSR’s products are distributed
by an extensive retail dealer system in numerous countries.
BSR has several commissions from car manufacturers and car import companies.
BSR environmental commitment is strong and we carry out active research projects into converting
engines to alternative fuels.
BSR was chosen as a "Super Company" in 2005 and 2006 by “Veckans Affärer” (one of the leading
Swedish business weekly magazines) and was appointed “Clean Tech Company” by “Dagens Miljö”
(Swedish environment newspaper).
During 2008, BSR was awarded the title Entrepreneur of the Year by the city of Växjö and
“Företagarna” (the Swedish federation of business owners). Rolf Linde and Malte Sandberg received
the first Environment Award from the Swedish Motorsport Association 2007.

BSR is conducting all work at the internal R&D site, 1800 square meters in size with 25 employees
and with a profitable yearly turnover of 3 – 3,5 million EUR.
BSR is actively taking part in the discussions about E85 and BSR receives media attention frequently.

BSR’s part in the BEST project
In 2005 BSR was asked to join the BEST project as a result of BSR’s previous experience and inhouse development of conversion kits for E85.
At the same time, BSR became referral body when the Swedish government assigned the road
administration the task of investigating the possibilities regarding a national set of rules and
regulations for conversions. With our previous experience, BSR acted as technical specialists and
during this period the road administration conducted tests using BSR vehicles as benchmark examples.
After some delay (in getting approvals from the EU), the new law came into force in Sweden on 1 July
2008, permitting conversion of conventional vehicles to E85 under strict conditions.
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BSR’s ambition was that all vehicles covered in the BEST project should, if possible, pass all
necessary requirements and thereby be approved. This has lead to that the final efforts inside the
BEST projects have been delayed and although testing and development has taken place since 2005, at
the starting point of BEST, all final calibrations have not been done until the later parts of 2008 as
final requirements have not been known earlier.

Swedish rules and regulations
The Swedish rules and regulations which are active since July 1st 2008 forces all conversion kits to be
evaluated and approved by a test institute. In order to earn approval, the following requirements must
be met by the conversion kit:
• Be supplied by approved companies and be adapted to each motor family.
• Approved companies must have certified quality management systems and are subjected to annual
tests.
• Converted cars must meet NEDC emission requirements for both gasoline and E85 and for CO,
HC and NOx. Up to three tests might be required if any of the emission levels are close to the limit
including deterioration factors. The test scheme includes several parameters and if three tests are
performed, the mean value (including deterioration factors) must never exceed the limit.
• On Board Diagnostics (OBD) cannot be impacted by the conversion.
• Power increases are limited to maximum 5%.
• The converting company must issue a certificate confirming all materials that come into contact
with the fuel are suitable and take over the manufacturer’s guarantee for the exhaust system.
• A new vehicle inspection (MOT) must be carried out.
BSR points out the fact that that E85 powered vehicles produce another type of hydrocarbon emissions
compared to regular petrol. This should result in an adjustment of the approved emission levels whilst
running on E85, but sadly this is not the case. This will be discussed further in this report.
BSR also influenced the discussion regarding the deterioration factor. All measured emissions (HC,
CO and NOx) are multiplied by a factor1,2 in order to estimate the possible emissions once the car gets
older (5 years and/or 80 000 kilometres) according to the European rules and regulations. However,
vehicles that are being converted are generally already old so the need for an aging factor should not
be present. The authorities accepted that if a vehicle didn’t pass the tests using petrol, calculating with
the deterioration factor, the factor should not be used for E85 either. Practically, this lacks relevance as
an engine that do not pass the tests using regular petrol (high HC and CO levels) will most likely not
pass the tests using E85 either.
Car manufacturers currently have to prove that petrol cars meet Euro 3 and Euro 4 standards only for
petrol, even if they have flexifuel function (no proof for E85 is required), but from 2009 Euro 5
standards will demand fulfilment of emission standards for both gasoline and E85.
If a new car is to be qualified as a Clean vehicle in Sweden, the authorities require testing with the
alternative fuel as well. For converted vehicles, this means that testing procedures must be performed
using both types of fuel.
The result of this is that a converted car must pass a tougher set of requirements than a car that comes
directly from a car manufacturer.
The new Swedish regulations for conversion are very strict and may as a result of this be accepted in
other countries in Europe as well. A similar process has already taken place with regard to conversions
of vehicles from gasoline to natural gas. A certification process was approved in Italy and thereafter
spread to other countries, such as France, Germany and the Netherlands.
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The technology
Conversions – a challenging task
To convert a vehicle from petrol use to ethanol use, with
maintained requirements on function, drivability, durability
and emissions is a challenging task. To implement the
software changes necessary to handle the flexifuel
functions in a modern car requires a high level of
knowledge and competence.
The development procedures are described in more detail in
Appendix 3.

Flexifuel functions (general)
The flexifuel function has several advantages as it allows the vehicle to be driven on two different sets
of fuel and the driver is never required to make any sort of changes to the vehicle while switching fuel
types, i.e. the drive can use regular petrol when E85 is not available. This means that the flexifuel
concept reaches a high level of acceptance among drivers when they are about to choose what vehicle
to buy.
The Swedish legislations enables vehicles designed for one fuel type only, for instance a vehicle that
can only be powered using E85, and despite the fact that this gives a technically less challenging task
for the engine management designers, the driver is forced to use one fuel type only.
Vehicles that can run on two separate types of fuel are not allowed as one would run the risk of
forgetting to reset the car for the appropriate fuel if this is not handled automatically.
BSR has developed different technologies making the conversion possible. As a result, regardless of
technology, the car can be powered by either regular petrol, ethanol (E85) or any given mix between
the two.
Option 1: Software based technology
This technology involves a re-calibration of stock engine management system
in order to create flexifuel functionality. This technology is very complex and
time consuming as the source code for the Engine Management System (EMS)
is not available. As a result, BSR disassembles all code and produces special
software tools that enable recalibration of the EMS stock settings.
Using this technology, it will give good possibilities to meet the national
emission regulations. Engine software can easily be programmed with BSR’s
unique PPC-technology. For some engines, other parts as fuel injectors also
have to be changed.
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Option 2: MFV based technology
BSR runs a project for a Mixed Fuel Vehicle (MFV)
solution that will allow the car to run on both petrol and
ethanol in any desired proportion. The MFV concept,
which must not be compared with the simple conversion
boxes that exist on the market today, will detect the
current fuel mixture and automatically adjust the engine
settings to ensure proper engine characteristics and
special settings are used for each family of engines.
Compared to the software technology, the MFV
technology does not require code disassembly which
makes development time shorter. On the other hand, the MFV technology can not access all engine
functions making this solution less refined. As a result, passing all emission regulation tests might be
more difficult compared to the software technology and in some cases, engine diagnostics will require
special attention as well.
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Conversion of conventional vehicles
Objectives
The task focused on conversion of three conventional petrol cars to run on ethanol and evaluated the
impact of conversion upon fuel economy, regulated emissions, greenhouse gas emissions, maintenance
requirements and durability.
During the first year of the project, three cars were selected for testing and one Saab was converted
and tested for emissions. However, conversion of the remaining two and the final calibrations was
held up until the legislation was finalised, so that the converted BEST cars comply with the new
legislation.
This should not be interpreted in a negative way. On the contrary, the delay indicates formal
recognition by the Swedish Government of the potential of ethanol conversions, and establishes a legal
framework regulating the activity. The conversions carried out within BEST comply with these
regulations and demonstrate their potential utility in other countries.
BSR has converted conventional vehicles, representing different engine families, to dedicated fuel cars
or flexi fuel cars running on different fuel blends. The purpose of this task was to demonstrate that
conversion of conventional fossil-fuelled vehicles to bioethanol could take place and met relevant
standards for safety and emissions.

Converted cars
Saab 9.5 2.3T 2004
BSR have tested conversions to E85 and applied
for certification according to the Swedish
regulations for three Saab models: Saab 9.5
series, 2.3 litres turbo, model year 2004; Saab 9.5
series 2.0 litres turbo 150 and 185 horsepower
models. The 2,3 litres turbo, model year 2004
was converted and tested for the BEST project.
This car is equipped with BSR flexifuel software
that has been implemented in stock EMS settings.
No hardware changes have been necessary.
Odometer readings during evaluation:
51 000 – 86 000 kilometres.
Opel Signum 2,0T 2004
Also, an Opel Signum (same engine and EMS as Saab 9-3 series)
with 2,0 litres turbo, model year 2004 was tested.
Also this car is equipped with BSR flexifuel software that has
been implemented in stock EMS settings. Furthermore, the
fuel injectors have been upgraded (to be able to cope with
the additional fuel required) and a newer revision of the
EMS has been used. These hardware changes are not
necessary on cars of model year 2006 and newer.
Odometer readings during evaluation: 58 000 – 91 000 kilometres.
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Chevrolet Colorado 2,8 liter 2006
The third car in the project is a Chevrolet Colorado
(light-weight truck) with a 2,8 liter 4 cyl. engine
(non turbo), model year 2006.
This car is equipped with a BSR MFV system.
Odometer readings during evaluation:
3 500 – 6 000 kilometres.

In parallel with the project, evaluations with E10 fuel have been
performed on all the above 3 cars and the results are documented separately in a report from
the Environment and Health Administration City of Stockholm (Deliverable D.1.21)
BSR have also, by request from Bio Fuel Region (BFR), one of the participants in the BEST project,
converted a diesel powered engine to E95 use. This project in a separately report.

Evaluations performed during the BEST project
NEDC emission testing
As our ambition has been to achieve conversions that fulfil all the Swedish rules and regulations, we
have tested the vehicle according to the European standard called New European Driving Cycle
(NEDC). This is described in the report from AVL-MTC (see Appendix 2). Measured levels of CO,
HC and NOx must, according to the rules, be multiplied by a deterioration factor of 1,2 and when this
factor has been used, it is noted in the graphs.
The majority of the tests and evaluations have been performed by AVL-MTC, a test institute in
Sweden, and some tests have been performed by Technischer Überwachungsverein (TÜV) in
Germany. On top of this, BSR have taken measurements as well using in-house equipment during
calibration activities.
In many cases, another evaluation standard is used, called Artemis, and this is most commonly used to
complement NEDC to evaluate driving at high speeds, using harder accelerations. NEDC is often
considered lacking some more aggressive driving patterns. Complete tests according to Artemis have
however not been performed as the costs for the tests would force the total test costs outside the
project budget.
However BSR technicians have total control of the entire working range of the car fuelled with E85,
and internal testing procedures (emissions, AFR’s, EGT’s etc.) shows that the engines are properly
calibrated using our conversion kits. This should result in acceptable emissions of CO, HC and NOx
also outside the work ranges suggested by NEDC.
Aldehydes
Aldehydes are not part of the mandatory emissions to evaluate, but we would like to display the levels
of formaldehyde (also known as formic aldehyde) and acetaldehyde in a converted car. This can be
compared to the more extensive test results from the report issued in March, 2008:
“An exhaust characterisation study based on regulated and unregulated tailpipe and evaporative
emissions from bi-fuel and flexi-fuel light-duty passenger cars fuelled by petrol (E5), bioethanol (E70,
E43) and biogas tested at ambient temperatures of +22°C and -7°C”. (See related reports page 32)
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Evaporation testing
This is not required for converted vehicles according to Swedish rules and regulations, but it is
mandatory for new cars. We performed such a test even though it was not a requirement in order to
understand how the EVAP-system would handle E85 fuel.
Fuel consumption
An evaluation of fuel mileage is not required but is interesting from a car owner perspective.
Therefore evaluations of mileage using petrol and E85 have been done. This evaluation used the
NEDC driving cycle.
CO2 emissions
Measuring carbon dioxide levels are not required for converted vehicles but have been performed
anyway to gain understanding. A split between fossil and non-fossil carbon dioxide has been made to
stress that a large portion of the carbon dioxide from E85 is non-fossil.
Engine power evaluations
In order to receive approval for a
conversion kit, engine power must never
increase more than 5% compared to stock
power. Together with Roto-Test, BSR have
developed a testing method that is accepted
by the authorities. This method is of
“steady state” type and correlates very well
to the car manufacturers measurement
standards and to the measurement
requirements set for new vehicles. Power
measurements of the conversion kits have
taken place in BSR Roto-Test chassis
dynamometers.

Outcomes - Conversion of petrol cars
Results show that conversions of conventional vehicles to run on E85 can make a significant
contribution towards reduction of greenhouse gases and other emissions from the road transport sector.
Analysis of hydrocarbons, aldehydes and fuel evaporation has also taken place. Durability evaluations
will be done in August-September 2009.
Depending on how bioethanol is produced, the use of E85 in converted vehicles can significantly
reduce the fossil based carbon dioxide (CO2) emissions by approx. 70%. Emissions of hazardous
hydrocarbons (HC) will in fact also be dramatically reduced, as a large portion of HC emissions from
ethanol are alcohol. Moreover, hydrocarbon (HC) emissions from bioethanol are less dangerous than
HC emissions from fossil fuels, as emitted gas comprises of non-combustible alcohol. Another
obvious advantage is that nitrogen oxides (NOx) are reduced using E85 as well.
Nitrogen oxide (NOx) is a main contributor to eutrophication and acidification and ground level ozone
can be the result when nitrogen oxides are combined with certain organic substances. Nitrogen oxides
are also a health hazard for humans and animals. Using E85, the NOx levels are substantially
decreased.
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Emission results in the BEST project
Most emissions occur during the start-up phase, particularly for cold starts. This is more significant for
E85 as the engine needs lots of fuel to start.
This is because ethanol ignites less easily than gasoline at cold temperatures and the engine basically
ignites on the petrol content only. This increases CO and HC emissions especially in the start-up
phase.
In addition – for all fuels - the catalyser does not begin immediately after ignition but must warm up.
This means that, for around 10 seconds, HC, NOx and CO emissions pass through the catalyser (as the
proportion of unburned fuel passing through the catalyser is high). After around one minute, the
catalyser is fully operational.
Regulated emissions are measured from starting the engine, meaning ethanol has high emissions of
HC and CO. Once the catalyser is fully operational, HC and CO emissions reduce dramatically (the
same is true for all fuel types).
In order to visualize this, we have chosen to present the emissions in different stages of the NEDC for
one of the cars in the BEST project.
Moreover, ethanol burns more efficiently than gasoline and therefore, during the full cycle of an
emissions test, total emissions of HC and CO are far below the statutory requirements.
During operation, the lower combustion temperature of E85 will help to reduce NOx emissions but
will cause a rise in HC and CO emissions. The rise in HC and CO emissions is explained by the fact
that ethanol has lower energy content per litre of volume compared to gasoline and consequently fuel
consumption is increased by around 30%.
Saab 9.5 2.3T 2004 – emission results
The car meets all requirements in Euro 3 as well as Euro 4
after the conversion is completed. In stock setup, the car
qualifies for “Miljöklass 2005”, i.e. the equivalent to Euro 4.
In total, six NEDC tests have been performed. Three was
using regular petrol and three was using E85. The results
vary as different calibrations have been used. One of the
tests comparing the two fuel types is presented below and
other results can be found in Appendix 1.
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Another advantage with E85 is that NOx
emissions are cut in half.

HC analysis
Hydrocarbons (HC) emission distribution
with ethanol (E85) fuel
Test performed in connection with the BEST project

Saab 9-5 2,3 T 2004

Other hydrocarbons
42%

Ethanol
58%

It is evident that a large portion of the HC emissions
are ethanol (green part), i.e. relatively harmless
alcohol.
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For E85, a split has been made between fossil and
non-fossil carbon dioxide. 70% of the carbon
dioxide from E85 is considered as non-fossil.

Fuel consumption using E85 increases by approx.
40% compared to regular petrol in one of the
tests. During warmer weather and longer
distances, the increase is approx. 30%. One
specific result indicates a consumption of
12,3 litres/100 kilometres for E85 compared to
9,1 litres/100 kilometres for petrol, indicating a
34% increase.

Aldehyde analysis
The main (green) part of the aldehyde
emissions is acetaldehyde which quickly
transforms to formic acid and acetic acid
when it gets in contact with the air. These
substances are used as preserving agents
and fertilizers etc.
Only 10% of the aldehyde emissions (red
part) consist of the more harmful
formaldehyde.

Cold start
As previously mentioned, emissions (measured as grams/km) are very high just after engine start. For
clarification, we have chosen to display the emissions CO, HC and NOx divided into three different
stages for one of the BEST vehicles. (Saab 9-5 2.3T tested march 2007). Other evaluations during the
BEST project have been divided into two stages (UDC and EUDC)
The NEDC evaluation is divided as follows:
- C 1+2
- C 3+4 (C 1+2 and C 3+4 can be added together and in a single stage referred to as UDC)
- EUDC
Fore more information of this, see Appendix 2.
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The results (shown in the diagram below) suggest that it is always the first stage (C 1+2) that causes
high CO and HC emission levels and that they decrease dramatically after the initial stage. This was
evident regardless of fuel type used. Different shades are used in the diagram to display the different
stages but in some of the stages the emissions are so low that they do not even show in the diagram.
The deterioration factor is not included in the figures.
BSR’s conversions can manage cold starts without pre-heater down to approximately -15 C or colder.
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Evaporation test
The evaporation test result shows that the EVAP-system in the vehicle can handle E85 with no issues
and all levels are well below the limit.

Opel Signum 2,0T 2004 – emission results
The Opel Signum and Vectra share the engine type with Saab 9-3 from
model year 2003 and onwards and are practically identical between
model year 2003 and model year 2008 with only minor deviations
in fuel injectors. The car meets Euro 3 and is very close to Euro 4
regarding CO after conversion. Originally, the car qualifies in
“Miljöklass 2005”, i.e. has emission levels that pass Euro 4
which also is our goal with the converted vehicle.
In total, three NEDC tests have been performed, all of
which using E85. At this point in time, no benchmark
tests with regular petrol have been done as this engine
type has not been taken through a certification process as
of yet. BSR have the ambition to do so, but it is unlikely that
this will be done prior to the end of the BEST project.
However, basic comparisons using the manufacturer’s data for petrol use have been performed as that
data shouldn’t deviate substantially from internal test results.
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The CO emission is just on the limit and more
calibration efforts are needed to make sure that
emission regulations are meet.

HC analysis

HC emissions pass the Euro 3 requirements and
BSR have the ambition to pass the Euro 4
requirements as well.

37% is acetaldehyde (green part) and 63% is
formaldehyde (red part). This distribution can
change with further software calibration.
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For E85, a split has been made between fossil
and non-fossil carbon dioxide. 70% of the
carbon dioxide from E85 is considered as nonfossil.

Fuel consumption using E85 increases by approx.
45% compared to regular petrol in one of the tests
but a further reduction is possible after more
software calibration efforts.

Aldehyde analysis

The major part in this test is acetaldehyde (green part) but the
distribution can change with further software calibration.

Chevrolet Colorado 2,8 liter 2006 – emission results
The Chevrolet Colorado was available in a flexifuel
version 2004, but that model wasn’t available
2005-2006. As a result, BSR was given the task to
provide conversion kits for model year 2005 and
model year 2006. Regrettably, the rules and regulations
for converting vehicles were not available at the time
and as a result, a formal governmental approval could not
be obtained. If that wouldn’t have been the case, 800 vehicles
could have been converted.
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As the Colorado is a light-weight truck, accepted emission levels are higher than for a regular car, and
it must pass the Euro 4 regulations.
Using BSR’s MFV technology, the HC emissions in one of the tests are on the limit and further
calibration efforts would have been required in order to receive an approval.
In total, four NEDC evaluations have been performed, three using E85. Below is a presentation of the
results, and the different stages can be (UDC and EUDC) can be seen in Appendix 1.

HC analysis

The HC emissions exceed the Euro 4
maximum limits. However, only 20% of
the HC emissions are toxic and are thereby
substantially lower than HC emissions
from regular petrol.

The majority of the HC levels consist of harmless
alcohol (green part).
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For E85, a split has been made between fossil and
non-fossil carbon dioxide. 70% of the carbon
dioxide from E85 is considered as non-fossil.

Fuel consumption (lit/100 km) using E85
increases by approx. 37% compared to regular
petrol.

Aldehyde analysis

The major part is acetaldehyde (green part).

Experience
Developing time and costs
Development work is extremely time-demanding. BSR projects take between 500-1 200 hours per
engine family and this limits the number of conversions that can be developed. Finally the testing
procedure at AVL-MTC is approx. 10 000 EUR and this includes emission testing, engine diagnostics
testing as well as engine power measurements. Every conversion kit must be sold in large volumes to
make it cost-effective for the company.
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Conversion costs
Each conversion kit costs between 860 – 1 350 EUR (9 900 – 16 000 SEK) depending on which type
of engine and if hardware also have to be changed.
Sales of both E85 and conversion kits have been impacted by the global financial crisis and the sharp
drop in oil prices in late 2008, which has placed bioethanol at a competitive disadvantage.
Cars suited for conversion
A prerequisite for achieving perfect engine conditions for E85 use is to have a geometrical
compression ratio of approx. 12:1. Most modern petrol powered cars use a compression ratio of
approx. 10:1 but engines using a turbocharger can affect the actual compression levels as boost
settings can be controlled by the ECU.
A positive aspect with changing the compression ratio (mechanically) is that this would help cold start
performance (when a turbo charger is not active) which also would lead to decreased emission levels.
Due to cost reasons, and to enable the use of both petrol and E85, BSR conversion kits will not alter
the geometrical compression ratio of any standard car.
The best possible engine solution for E85 use is to re-build it totally and adapt for instance the
geometrical compression ratio for the E85 fuel properties. This is common practice on for instance
race car engines.
Service and maintenance
In accordance with car manufacturer recommendations, BSR suggests that oil changes are carried out
every 15 000 kilometres for E85 powered cars. The main reason for this is that the engine lubricant
can be diluted by the fuel when the car is used for short trips and when the oil temperature doesn’t
reach 80°C or more in temperature. As soon as the oil temperature reaches 80°C the residue fuel in the
oil will evaporate (travelling through the crankhouse ventilation) and will be a natural part of the
combustion process.
BSR also recommends using regular petrol once in a while as E85 in some cases use additives that
might cause minor residue in the fuel system.
Durability
From a technical perspective, the BEST tests have uncovered no significant problems. There are
differences in property between gasoline and bioethanol and certain engine components may have to
be changed in order to operate efficiently with E85. In particular, specific components may corrode or
rust if exposed to bioethanol.
Nonetheless, providing conversion is carried out in accordance with the certification process and
provided normal maintenance takes place thereafter, there is no evidence to suggest conversion to E85
will cause deterioration or declining performance. Conversions are guaranteed for five years or to
80 000 kilometres.
Outside of BEST, a Volvo test car has been driven for over 250 000 kilometres after conversion to
E85 without evidence of technical problems. The engine and the fuel system have been taken apart
and studied in detail, but no damage or extra wear has been observed.
The rally cars converted by BSR have a longer lifespan than equivalent competition engines running
on petrol. For example, the Saab 9-3 rally car has been driven in around 15 competitions during
2.5 years without a single component in the engine being changed. This is extremely unusual in
competitive racing. It is always important that calibration to the fuel is carried out by experienced
persons. An incorrect calibration can cause engine damage in the short-term, irrespective of fuel
choice. However, no damage or other problems have been observed in the converted vehicles during
the project.
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The remaining parts of the BEST project include follow-up of durability aspects of the vehicles
converted by BSR. These evaluations will be performed during the latter part of 2009 and two of the
project vehicles are estimated to have been driven approx. 100 000 kilometres.
Cars equipped with metal based fuel tanks can however experience corrosion issues inside the tank
itself causing debris to clog up the fuel lines. Due to this, vehicles equipped with such fuel tanks
should be considered not suitable for conversion.
Fuel issues using E85 during 2003
After having built race car engines using E85, in 2003 something happened that puzzled the BSR
technicians. Three engines broke down, practically at the same time during races. A thorough
investigation revealed that not enough fuel had been fed through the fuel injectors during heavy load
of the engine. As the engine calibration hadn’t been changed, the question was why the cars all of a
sudden broke down one after the other.
Further investigations showed that the fuel filters in the fuel tanks were clogged up with some sort of
debris, preventing the fuel to reach the injectors in the engine.
Fuel as well as filters was shipped to SEKAB for further analysis and they concluded that micro fibres,
caused by additives used in the fuel, was the reason. Most likely SEKAB changed the fuel formula and
removed the additives causing this as we have never encountered any issues since. One other major
conclusion was that cars using a very fine-meshed filter for the fuel were more sensitive for these
problems with the fuel, so as a precaution we replaced those filters.
At the same time, other car types also experienced similar problems, but changing fuel filters and fuel
pumps made the problems disappear. The major reason for changing the fuel pump was that the filter
was integrated in the pump, leaving no option and most likely these cars experienced the same issues
as BSR’s race car engines with clogged up filters.
During 2008, another issue using E85 was brought to our attention. A Mitsubishi EVO 9 rally car
using E85 experienced a clogged up fuel filter. In this case however, it was small particles of rust. The
fuel tank is made of metal, and as a result, one should be careful when converting a car that uses a
metal fuel tank. In the case with the EVO 9 race car, the fuel filter s changed regularly and no
problems have been evident since then.
All other cars that have been converted by BSR use plastic fuel tanks and metallic ones are very rare
on modern cars.
The issues described above are the only issues we have come across using E85 and using E85 in race
car engines has proved to work perfectly as durability has increased compared to when petrol is being
used.
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Experiences from rally cars
BSR has during the years in motor sport activities
gathered a lot of experience in of how ethanol
fuel works in an Otto engine. For instance, BSR
developed the first ethanol powered rally car
Group A in the world 2003.
The team was very successful during 2005 and
2006 with several victories. For instance, the
BSR rally car won the Super Cup 2WD in 2005
and the 2WD group A in the International South
Swedish rally in 2006.
This rally car is a part of the BEST project, mainly for marketing purposes and has on top of
participating in over 25 races nationally also been displayed at several fairs and trade shows and has
received huge coverage by media.

BSR also converted a new car in the same team, a
Mitsubishi EVO IX, and the result was second place in
the Swedish Championship group N in 2008 and several
podium positions during 2009.

According to companies specializing in building Mitsubishi race car engines, a complete overhaul
must be done every 3 000 kilometres using petrol. With E85 fuel, the need for a complete overhaul is
considerably lower.
By introducing a converted E85 rally car in Sweden, BSR have transformed the sport, winning the
Swedish Sports Association’s 2007 environmental prize as a result. When the BEST project began in
2005, 2 rally cars used E85, but now over 85% of Swedish rally cars use the fuel and Volvo
introduced E85 in their factory racing cars in the Swedish STCC series in 2007.
The motor sport’s governing body, FIA, is considering making E85 the international standard for rally
cars.
The high profile presence of Team Green Rally and BSR’s participation in the BEST project has
undoubtedly helped to increase interest in E85 in Sweden and support market development.
Engine pre-heater
The vehicle will always benefit from installing an engine pre-heater.
BSR’s conversions can manage cold starts without pre-heater down to approximately -15 C or colder
with E85, but an engine pre-heater will facilitate cold starts and help reducing fuel consumption and
exhaust emissions during start-up. This goes for petrol vehicles as well as for E85.
At NEDC emissions tests, it is not allowed to use engine pre-heater. Being allowed to do so, would
result in significantly lower emissions, especially in cold weather.
Our opinion is that the authorities in the future should require engine pre-heaters on all vehicles.
Car owners would also benefit from this due to the reduction in fuel-consumption.
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Safety aspects
The safety aspects in using E85 as fuel have been evaluated in Sweden in two reports. See related
reports page 32.
These report from 2006 concludes that E85 is not more hazardous than regular petrol when it comes to
risks regarding explosions or the fuel catching fire.
Media attention
BSR have received an enormous amount of media
coverage in our ambition to convert vehicles. Everything
started back in 1997 when BSR, together with the former
environmental manager of city of Växjö, Malte Sandberg,
converted the first vehicle. More details about this can be
found on www.bsr.se

Lessons learnt & contribution to EU policy-making
Three gasoline cars and one diesel car were converted to run on bioethanol with no adverse sideeffects in terms of performance or emissions.
The EU has a higher proportion of diesel vehicles than Sweden, but the potential for conversion of
gasoline vehicles is enormous. BSR have learnt that Turbo models are easier to convert and use
ethanol more efficiently; meaning markets with large numbers of Turbo vehicles – such as Germany –
are likely to be ideal locations for rapid introduction of conversion kits.
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A regulatory framework and certification process have now been established in Sweden and use of
conversion kits in five motor families has been approved. The approach taken and standards used by
Sweden can be transferred to other EU Member States, in the same way that Italy’s regulatory process
for conversion to natural gas has been adopted by other countries.
Recommendations to policy
The Swedish legislation could be amended to increase use of conversion kits. For example, the current
regulations approve alternative fuels for single fuel or flexi-fuel vehicles but not for bi-fuel cars, even
though the cost of bi-fuel conversions is much less than that of single fuel and flexi-fuel conversions.
Likewise, the requirement in the Swedish legislation that power increases are limited to a maximum
5% seems to act as a disincentive to improve efficiency (E85 has a higher octane grade than gasoline
and in optimised engines, fuel consumption can be reduced).
The regulations could also take account of the fact that a high proportion of hydrocarbons is released
in the form of non-combusted alcohol. The present regulations do not take the increased fuel
consumption when running on E85, into account. This will make it more difficult to comply with
emission requirements for converted vehicles, despite the difference in composition of CO and HC
emissions compared to gasoline. Some degree of differentiation is needed.
Definition of vehicles presents a similar problem. In the Swedish legislation, vehicles built after 1993
are defined as new vehicles when converted, meaning they must meet latest emission standards and
performance must be guaranteed for 5 years or 80 000 kilometres. In practice, this means older
vehicles built between 1993 and 2002 may be hard or impossible to retrofit, because even if E85
delivers substantial improvements, the gap between old performance and new standards is too large.
A total of 5,2 million tonnes of CO2 can be avoided simply by meeting “Clean Vehicle” criteria in
Sweden. Wide application of E85 conversion kits would make a significant contribution towards
achieving this potential - it is estimated that up to 500 000 vehicles (one eighth of the national fleet)
could be converted to meet clean vehicle criteria in Sweden.
Fuel prices are an important factor
In Sweden, the prices of petrol and E85 have varied considerably during recent years. In summer
2008, the petrol price reached an all time high of around 14 SEK/litre, in comparison to an E85 price
of around 8,50 SEK/litre. This led to a large increase in demand for E85 and also ethanol conversion
kits. Many car owners improvised and tested their own blends of ethanol in cars which should
normally only be refuelled with petrol. See comments under “Recommendations” below.
On 1 November every year, so-called “winter ethanol” is introduced in Sweden. It includes a higher
blend of petrol, 25% instead of 15%, in order to improve ignition when cold starting in winter. This
coincided with new taxation and as a result, the E85 price rose from around 8,60 SEK/litre to
9,70 SEK/litre. In some winter months, “E85” cost 9,90 SEK/litre as petrol prices fell to 11 SEK/litre.
This led to a dramatic reduction of ethanol sales because it was more expensive to drive on E85 than
petrol.
In the media, BSR has challenged fuel distributors to clarify their pricing policies for E85 prices. This
occurred when, on 1 April 2009, fuel distributors stopped selling “winter ethanol” and began selling
“summer ethanol” (15% petrol in E85). E85 prices fell by only 0,20 SEK/litre, much less than the
actual 0,70 SEK/litre difference. Fuel distributors blamed what was in real terms a price increase for
E85 on the rising US Dollar, despite the fact that the petrol content in E85 is reduced when changing
from winter to summer ethanol.
It is essential to maintain a price difference of at least 30% between E85 and petrol, because vehicles
consume approximately 30% more E85 than petrol. Use of E85 is only cost-effective for owners of
flexifuel vehicles or converted cars if this price difference is maintained.
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Benefits and government contribution
Since 2006, road tax on newer vehicles is calculated based on CO2 emissions. Flexifuel vehicles have
a certain CO2 discount which amounts to approx. 500-600 SEK yearly.
BSR have and is trying hard to influence politicians to allow converted vehicles the same benefits as
new Clean vehicles.
A vehicle with a certified conversion kit can benefit from a number of the same advantages as an
Clean vehicle in Sweden as lower yearly tax, free parking etc but lacks the Clean car subsidy that new
Clean vehicles receive. Cars with exceptional gas mileage also receive this subsidy.
Influenced by BSR, several Parliament parties have presented bills proposing that converted vehicles
should be allowed some kind of environment grant as new cars have.
This is important to increase the interest for conversions and in fact a converted certified car doing the
same or even more to the environment contribution as a new car. As soon as a petrol powered car is
converted for E85 use it “disappears” as a fossil fuel user. Buying a new Clean vehicle often means
that the old car is sold, but is still powered by fossil petrol. By converting a car, you actually remove a
fossil-fuel user all together which is more environmental friendly than just buying a new Clean car as
the old car will still consume fossil-fuel with its new owner. It ought to be in the best interest of the
authorities to stimulate conversions, rather than just adding new vehicles.
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Related reports
Emissionsprovning av E85 konverterade personbilar
Miljöbilar i Stockholm rapport 2006/01/30
Note: only in Swedish language
Safety aspects with E85 as a fuel for vehicles.
BEST deliverable No D.4.2B
Fuel vapour composition and flammability properties of E85.
SP report 2008:15
Emissions from Conventional Gasoline Vehicles Driven with Ethanol Blend Fuels
MTC 5524 AVL-MTC 2006/05
An exhaust characterisation study based on regulated and unregulated tailpipe and evaporative
emissions from bi-fuel and flexi-fuel light-duty passenger cars fuelled by petrol (E5), bioethanol
(E70, E43) and biogas tested at ambient temperatures of +22oC and -7oC”
Ecotraffic ERD AB /AVL-MTC AB in Sweden. March 2008
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Recorded values during emission testing.
Swedish:
English:

Alla värden med blå text och fet stil är inkluderat omräkningsfaktor 1,2. Visas här med 3 decimaler.
All values in bold blue text include the deterioration factor of 1.2, here shown with three decimals.
CO (Kolmonoxid) - g/km

Limit

HC (kolväten) - g/km

Saab 9-5 2,3T
Cert. Test
Cert. Test
Tillv. Uppgift
Cert. Test
Cert. Test

C1+2 C3+4 UDC
EUDC CO tot Euro C1+2
Bensin
0,067
0,07
0,287
Inkl faktor
0,344
1,0
Bensin - manufacturer's cert. Test
0,50
E85
1,65
0,07
0,655
E85 m faktor
0,786
1,0

Test mars. -07
Test mars. -07
Test2 mars. -07
Test2 mars. -07

Bensin
Bensin m faktor
Bensin
Bensin m faktor

3,04

Test mars. -07
Test mars -07

E85
E85 m faktor

4,32

BEST-test

E85
E85 m faktor

0,01

0,99

0

0,01

3,049
0,992

4,323

2,065

0,003
0,040

0,043

0,017

0,564
0,677
0,208
0,250

0,194

C3+4

0,004

Limit
NOx (kväveoxid) - g/km
Limit
CO2 (koldioxid) - g/km
Fuel consumption lit/100 km
UDC
EUDC HC tot HCfuel Euro
C1+2 C3+4 UDC
EUDC NOx tot Euro
C1+2 C3+4 UDC
EUDC CO2 tot UDC
EUDC Tot
0,06 0,001
0,025
0,011 0,001
0,005
322
191
239
14
8
10,0
0,030
0,10
0,006
0,08
0,04
0,02
0,09 0,003
0,037
0,006 0,001
0,003
307
185
230
19,2
11,5
14,3
0,044
0,10
0,004
0,08
0,198

0,002

2,3
0,111

0,003

0,114

0,004

2,3

0,828
0,994

2,3

0,262

0,777
0,932

1,0

0,005

0,267

0,164

0,004

0,006

0,038
0,046
0,023
0,028

0,039

0,043

0,001

0,098

0,004

0,102

0,002

0,20

0,052
0,062
0,064
0,077

0,004

0,20

0,022

0,005

0,027

0,002

0,20
0,099

0,014

0,003

0,10

0,009
0,011
0,02
0,024

334

248

159

215

13,04

6,65

9,0

340

288

160

217 13,159

6,666

9,1

305

257

149

198 xx

9,21

12,3

290

168

213

18,1

10,4

13,3

370,9

194,4

260

15,59

8,14

10,9

-

21,56

11,16

15,0

0,15
0,15

0,006
0,007

0,15

0,007
0,008

0,08

0,005
0,006

0,10

0,01
0,012

0,10

0,007
0,008

0,10

0,009
0,011

0,10

Chevrolet Colorado 2,8 lit - 4 cyl
TEST sept -08
Ursprunglig test

TEST dec 2007

TEST sept -08

BEST test

Bensin
Bensin m faktor
Bensin
Bensin m faktor

0,795

E85
E85 m faktor

2,49

E85
E85 m faktor

1,992

E85
E85 m faktor

2,858

Opel Signum 2.0T (Saab 9-3 2,0T)
Tillv. Uppgift
TEST 2008

*) Swedish:
*) English:

E85
E85 m faktor
Test utförd i Tyskland
Test performed in Germany

0,04

0,033

0,028

0,308
0,370
0,64
0,769

0,112

0,001

1,81

0,043
0,052

0,13

0,011

0,11
0,132

0,13

0,118
0,142

0,13

0,002

1,81

0,94
1,128

1,81

0,30

0,766
0,919

1,81

1,068
1,282

1,81

0,314

0,583

0,001

0,001

0,003

0,216
0,259

0,03 0,003

0,012

0,332

0,020

0,003

0,002

0,13

-

-

347,5

184,1

245

14,15

7,42

9,4

363

183

249

22,8

11,3

15,6

261

157

199
196

16,4

9,7

8,3
12,2

254

172

202

15,56

11,21

12,8

254

156

192

16,0

9,6

bensinutsläpp saknas t.v.

Bensin - manufacturer's cert.test
E85
E85 m faktor
TEST juni 2008 *) E85
E85 m faktor
BEST test

0,017

2,222
2,036

2,406

0,028
0,025

0,026

Swedish
English

0,55
0,841
1,009
0,769
0,923
0,911
1,093

0,247

0,001

2,3
0,292

0,006

2,3
0,265
2,3

0,005

0,05
0,092
0,110
0,112
0,134
0,102
0,122

0,027

0,011

0,10
0,070

0,059

0,10
0,156

0,030
0,10

0,013

0,02
0,017
0,020
0,063
0,076
0,019
0,023

0,10
0,10

0,10

Gränsvärde i kursiv stil anger att bilen kan uppfylla antingen Euro 3 eller Euro 4 krav beroende på årsmodell
Limit value shown in italic text indicates that the vehicle passes the requirements in Euro 3 or Euro 4 depending on model year.
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Analys HC g/km

Saab 9-5 2,3T
Cert. Test
Cert. Test
Tillv. Uppgift
Cert. Test
Cert. Test

Bensin
Inkl faktor
Bensin - urspunglig cert
E85
E85 m faktor

Test mars. -07
Test mars. -07
Test2 mars. -07
Test2 mars. -07

Bensin
Bensin m faktor
Bensin
Bensin m faktor

Test mars. -07
Test mars -07

E85
E85 m faktor

BEST-test

E85
E85 m faktor

Aldehyder g/km Evaporation

EthanoOther h%HC eta%HC övFormaldeAcetald Total

0,057 0,042

57,6% 42,4%

0,0013

0,012

Chevrolet Colorado 2,8 lit - 4 cyl
TEST sept -08
Ursprunglig test

Bensin
Bensin m faktor
Bensin
Bensin m faktor

TEST dec 2007

E85
E85 m faktor

TEST sept -08

E85
E85 m faktor

Bränslesiffror stämmer ej

BEST test

E85
E85 m faktor

0,265 0,067

79,8% 20,2%

0,0004

0,038

0,058 0,098

37,2% 62,8%

0,0021

0,024

Opel Signum 2.0T (Saab 9-3 2,0T)
Tillv. Uppgift
TEST 2008

Bensin - urspunglig cert
E85
E85 m faktor
TEST juni 2008 *) E85
E85 m faktor
BEST test

E85
E85 m faktor

*) Swedish:
*) English:

Test utförd i Tyskland
Test performed in Germany

1,19

limit Euro 4
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1 INTRODUCTION
1.1 Background
AVL MTC AB was commissioned by BSR AB to perform exhaust and
evaporative emission testing of cars fuelled with E85. This fuel is a blend of
15% petrol and 85% ethanol.
BSR wanted to measure the by legislation regulated exhaust emission
components as well as non-regulated HC components. The measured nonregulated components were acetaldehyde, formaldehyde and ethanol.
Three cars were delivered by BSR for the testing, a Saab 9-5, a Saab 9-3 and a
Chevrolet Colorado. These actual cars have been converted for compatibility
with any fuel mixture of petrol and E85.
In addition was also the evaporative HC emissions measured on the Saab 9-5.
This was done according to the “Euro4 Evaporative Test Sequence”.
All tests described in this report were made with E85 fuel that is commercially
available during the summer season.
The test period was from 12-dec-2008 to 30-jan-2009.
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2 TEST DESCRIPTION
2.1 Fuel and Vehicles
All tests described in this report were made with E85 fuel that is commercially
available during the summer season. The Swedish summer specification for
E85 says that the ethanol content is allowed up to 86,0vol%. The ethanol
content during the winter season is usually lower than this to improve the
engine startability at low ambient temperatures.
Fuel from two separate batches was used for the tests.
The fuel from batch no. 1 was used for exhaust emission tests on the Saab 9-5
and the Chevrolet Colorado. The ethanol content has by analysis been
determined to 88,7% by mass.
The fuel from batch no. 2 was used for the evaporative emission test on the
Saab 9-5 and for the exhaust emission test on the Saab 9-3. The ethanol
content has by analysis been determined to 86,4% by mass.
The cars in the test were all equipped with petrol-driven spark ignited engines
that have been converted for compatibility with any fuel mixture of petrol and
E85.
See table below for more vehicle data.

Model Year

Inertial TestWeight

Gearbox

Engine StrokeVolume

Engine
Power

Saab 9-5

2003

1700 kg

Manual

2,3 litre

136 kW

Chevrolet
Colorado

2005

1700 kg

Manual

2,8 litre

129 kW

Saab 9-3

2007

1590 kg

Manual

2,0 litre

110 kW

Table: Vehicle data
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2.2 Test Programme and Driving Cycle
The NEDC (New European Driving Cycle) was used as driving cycle during the
measurements of the exhaust emissions. NEDC is the current test cycle for
European emission certification of light duty vehicles.
The first 780 s includes four identical cycles, representing the UDC (Urban
Driving Cycle). The period from 780 s to the cycle end at 1180 s represents the
higher speed part of the cycle, named the EUDC (Extra Urban Driving Cycle).
The result from UDC+EUDC is named as NEDC total result.
One NEDC test per vehicle was performed. Before the test, the vehicle was
preconditioned by driving a NEDC and then soaked for 12h at minimum. The
ambient temperatures during soak and tests were within 24 to 26°C.

120
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EUDC

100

speed [km/h]

80

60

40

20

0
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200

400
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800

1000

time [s]

Figure: The NEDC

The evaporative HC emissions were measured in a VT-SHED following the
regulated test procedure. The parts of the tests were diurnal and hot-soak.
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2.3 Chassis Dynamometer
The vehicles were tested on an electric Clayton DC500 500 mm double roller
chassis dynamometer. The dynamometer load settings were applied according
to the vehicle data provided by the manufactory and corresponding regulation
(96/69/EC).

2.4 Exhaust Sampling System
A Constant Volume Sampler (CVS) (Horiba CVS-9300T) was used for the
measurements. The dilution tunnel (total length of 3150mm, inner diameter
250mm) is connected to the tailpipe. Cleaned and HEPA filtered test cell air is
introduced into the exhaust stream. The dilution tunnel flow rate is controlled by
the use of a 9 m3/min critical venturi.

2.5 Emission Measurements
2.5.1 Regulated Exhaust Emissions and Fuel Consumption
The emissions were measured according to the test procedures
corresponding to the current emission regulation (98/69/EC). A Horiba Mexa
9000 series (9400D) was used for CO, HC, NOX and CO2 analysis. Bag
samplings were applied using a set of 2 bags for exhausts and 2 bags for
dilution air sampling.
The fuel consumption was calculated by carbon balance of HC, CO and CO2.

Emission component
Total hydrocarbons (THC)

Measurement principle
HFID (heated flame ionization detector, 190°C)

Carbon monoxide (CO)

NDIR (Non-dispersive infrared analyzer)

Nitrogen oxides (NOX)

CLA (Chemi-luminescence)

Carbon dioxide (CO2)

NDIR (Non-dispersive infrared analyzer)

Table: Measurement Principles
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2.5.2 Non-Regulated Exhaust Emissions
Beside measurement of the regulated emission components, some of the nonregulated were measured. It was formaldehyde, acetaldehyde and ethanol.
Formaldehyde and acetaldehyde were sampled from a by-pass flow through a
small pipe from the CVS. It were collected by DNPH (2,4-dinitrophenyl
hydrazine) cartridges. Two cartridges in series were used over each individual
NEDC cycle. After sampling, the cartridges were stored in a freezer and
thereafter sent to an external analysis laboratory. Then the concentrations
were analysed, the test results were calculated as a mean value over the
whole test cycle.

Picture: Aldehyde sampling system

Picture: DNPH cartridges used for the sampling (two in series)
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Ethanol in the exhaust gas was sampled by an impinger system. A small bypass flow from the CVS was transported throw two glass bottles filled with
about 100ml deionised water. The bottles were connected in series and
cooled in an ice bath during the sampling.

Picture: Impinger glass bottles (two in series)

After sampling, the water solutions were sent to an external analysis
laboratory. The test result was, thereafter the concentration in the sample was
known, calculated as a mean value over the whole test.

2.5.3 Evaporative Emissions
The hydrocarbons that evaporate from the car (fuel system and carbon
canister) were measured according to the “Euro 4 Evaporative Test
Sequence”. That was done by York standard VT-SHED equipment. The
instrument for analysing of the total hydrocarbons (THC), was a Pierburg FID
PM 2000.
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3 TEST RESULTS
3.1 Regulated Exhaust Emissions and Fuel Consumption
The following tables show the results measured over NEDC tests. The tests
were performed with a test-cell temperature within 24 to 26°C.
Note! The HC emissions are presented in two ways, based on different
calculation methods. The CH1,85 is, until today, the standard calculation method
for European certification. The CHfuel is a method there the calculations are
made with respect to the composition of the actual fuel.
The higher numeric value for CHfuel reflects the assumption that the measured
hydrocarbons by the FID-instrument also include ethanol. The average
molecular weight for the gasoline/ethanol fuel mixture is slightly higher than for
ordinary gasoline, hence the higher result for CHfuel.

Saab 9-5_E85
CO
g/km

CH1,85
THC
g/km

NOx
g/km

CO2
g/km

CHfuel
THC
g/km

Fuel
l/100km

UDC

2,065

0,164

0,014

290

0,252

18,1

EUDC

0,017

0,006

0,003

168

0,009

10,4

NEDC total

0,777

0,064

0,007

213

0,099

13,3

Table: Saab 9-5 NEDC test result
Euro4 limits (petrol): CO=1,0 g/km, THC=0,1 g/km, NOx=0,08 g/km
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Chevrolet Colorado_E85
CO
g/km

CH1,85
THC
g/km

NOx
g/km

CO2
g/km

CHfuel
THC
g/km

fuel
l/100km

UDC

2,858

0,583

0,020

363

0,895

22,8

EUDC

0,028

0,003

0,002

183

0,004

11,3

NEDC total

1,068

0,216

0,009

249

0,332

15,6

Table: Chevrolet Colorado NEDC test result
Euro4 limits (petrol): CO=1,81 g/km, THC=0,13 g/km, NOx=0,10 g/km

Saab 9-3_E85
CO
g/km

CH1,85
THC
g/km

NOx
g/km

CO2
g/km

CHfuel
THC
g/km

fuel
l/100km

UDC

2,406

0,265

0,030

254

0,407

16,0

EUDC

0,026

0,005

0,013

156

0,008

9,6

NEDC total

0,911

0,102

0,019

192

0,156

12,0

Table: Saab 9-3 NEDC test result
Euro4 limits (petrol): CO=1,0 g/km, THC=0,1 g/km, NOx=0,08 g/km
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3.2 Non-regulated Exhaust Emissions
Ethanol
Ethanol [mg/km]

Test Cycle

Saab 9-5

57,6

NEDC

Chevrolet Colorado

265,0

NEDC

Saab 9-3

58,0

NEDC

Aldehydes
Formaldehyde
[mg/km]

Acetaldehyde
[mg/km]

Test Cycle

Saab 9-5

1,3

11,9

NEDC

Chevrolet Colorado

0,4

37,7

NEDC

Saab 9-3

2,1

23,8

NEDC

3.3 Evaporative Emissions
HC [g]

Test Cycle

Saab 9-5

1,05

Diurnal

Saab 9-5

0,14

Hot Soak

Saab 9-5

1,19

Total (Diurnal + Hot Soak)

Euro4 limits (petrol): Diurnal test + Hot Soak test max 2,0 grams

AVL MTC
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Development of conversion kits
General
The basis for all conversions is a re-calibration of the engine management system. This includes
changes to all fuel calibration matrixes as well as ignition matrixes, not only to ensure that proper airfuel ratios are achieved, but also because the torque levels for each gear must be within recommended
tolerances. As E85 is less sensitive to spontaneous combustion (i.e. knocking or pinging) due to its
high octane level (104), a higher level of efficiency can be achieved. Maximum power is however
regulated to a +5% maximum increase compared to stock level.
All development takes place in a Rototest VPA dynamometer whilst all necessary parameters are
being recorded, logged and analyzed during a variety of load patterns and driving conditions. BSR
have several test cells containing state-of-the-art equipment and in order to fully characterize emission
levels, an advanced emissions laboratory is required and this is located in Stockholm at AVL-MTC
where final adjustments are carried out during final testing. Depending on what conversion technology
is chosen, the number of, and duration of the tests will vary.
The work methods will vary with the technology chosen, but in general, the development can be
divided into the following steps.

Feasibility study
During this feasibility study, basic investigations are performed and they result in a summary that
describes the possibilities for a conversion. This includes a basic investigation of the engine
management system as well as an investigation of capacity, materials and resistance to ethanol of fuel
injectors, fuel tank, fuel pressure regulator, fuel lines and fuel pumps.
In our experience, most materials that can handle
petrol, also can handle ethanol. The capacity of fuel
pumps and fuel injectors are evaluated for use
with ethanol. Included in this is the functionality
of the on board computer regarding fuel
consumption detection. If changing the injectors
becomes necessary a complete re-calibration for
the gasoline part as well as the new injector
capacity must be taken into consideration for both
fuels. This is both time consuming and difficult
from a technical point of view and should be
avoided if possible. The software based technology
is on the other hand better suited for such re-calibration due to injector changes.
Once the feasibility study is completed, BSR will choose which technology is best suited for
converting the vehicle.
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Calibration and testing
Separate AFR-monitors and additional temperature sensors together with a complete engine logger are
installed, monitoring engine parameters during this first part of the development work.
The software is calibrated for normal temperatures
(i.e. down to +5°C). Drivability and cold start features
(down to -10°C using a special temperature chamber)
are also examined and a basic set of emission tests are
performed during normal driving.
The software is fine-tuned at AVL-MTC’s test laboratory
where emission tests according to NEDC regulations are
performed.
Note: Within the BEST project, only tests according to the
NEDC regulations have been performed. Additional tests
according to the Artemis method can provide a “wider”
picture of the emissions when driving the car under normal driving conditions.

Qualification
The next step includes the necessary procedures to qualify a conversion kit that fulfils all rules and
regulations according to the Swedish regulations concerning conversion.
This is however not necessary if the car manufacturer certifies that the car can be powered by ethanol.
In that case, no further testing will be required for the Euro 3 or Euro 4 regulations.
Converted vehicles must perform and pass a set of tests at AVL-MTC, in accordance with the Swedish
regulations at a cost of approx. €10.000 and this includes emission testing, engine diagnostics testing
as well as engine power measurements.
BSR’s PPC system is recommended for equipping the cars with proper conversion software. Each
PPC unit will be dedicated to a unique vehicle related to the VIN-number so it is impossible to
program another car even if it is a quite similar model and engine.
PPC software solution will be less expensive per vehicle as the MFV solution requires more hardware
to be added to the car which drives cost up.
Each car that is equipped with a BSR conversion kit must be entered in BSR’s customer database (if
BSR will be performing the certification tests) as this is a requirement from the authorities to enable
them to audit the supplier.

More information
Read more about BSR development activities and procedures at http://en.bsr.se/development
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General recommendations regarding conversion
to ethanol fuels
Cars suited for conversion
A prerequisite for achieving perfect engine conditions for E85 use is to have a geometrical
compression ratio of approx. 12:1. Most modern petrol powered cars use a compression ratio
of approx. 10:1 but engines using a turbocharger can affect the actual compression levels as
boost settings can be controlled by the ECU.
A positive aspect with changing the compression ratio (mechanically) is that this would help
cold start performance (when a turbo charger is not active) which also would lead to
decreased emission levels.
Due to cost reasons, and to enable the use of both petrol and E85, BSR conversion kits will
not alter the geometrical compression ratio of any standard car.
The best possible engine solution for E85 use is to re-build it totally and adapt for instance the
geometrical compression ratio for the E85 fuel properties. This is common practice on for
instance race car engines.

Use ethanol blend in a petrol car?
We strongly advise against experimenting with E85 mixes in petrol cars not converted, or
manufactured as "Flexifuel".
Even if the car starts and runs on a certain ethanol blend, there is a great risk that the engine is not
getting the proper amount of fuel in all load situations or rpms.
Running the engine within the lambda regulated area and on a blend of not more than 10-15% ethanol,
does not expose the engine to any significant risk of damage.
With higher percentage of ethanol or running the engine outside the lambda regulated area, the risk for
engine damages grows dramatically.
Some emissions are also affected negatively, such as increased NOx levels, which is negative for the
environment since it is very acidy and can create health risks.

Simple conversion kits
There are several so-called conversion kits sold cheaply on the market today. They give promises of
instantly turning your car into an environmentally friendly vehicle.
Unfortunately these conversion kits can be risky, for the environment as well as for the vehicle's
durability. These kits are not likely to meet the requirements of the current national conversion
legislation (from July 1, 2008), for vehicles from 1993, or newer.
There are several "Flexi Solutions" that are composed of an attachment unit connected to the injectors
giving an estimated fuel concentration. Unfortunately the engine and the ECU functions are not that
uncomplicated.
The need for more enriched fuel when using ethanol or ethanol blends is not constant; the engine's fuel
requirements vary depending on load, rpm, temperature and a number of other conditions.
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The fact that the lambda (claimed by the manufacturers of these conversion kits) can regulate the fuel
requirements is not quite true. The lambda can only regulate the fuel within a limited “window”
regarding rpm and load etc. Outside of this window the fuel blend ratio (fuel/air) mainly depends on
the values programmed into the ECU. If there are larger lambda value variations within the lambda
window the ECU will be unable to adjust the fuel amount fast enough.
This can damage the engine, especially in the high load area where it is crucial that the vehicle gets the
correct amount of fuel.
Another important issue is starting properties where the vehicle basically starts on the petrol content of
the fuel (for ethanol blends). Some simpler systems do have a starting function (fuel enrichment) but
to comply with exhaust emission standards it not good to just supply the engine with a fixed amount of
fuel.
The risk of high exhaust emissions is enhanced, especially for NOx emissions if the combustion
temperature is not correct.
The OBD function cannot work properly when attachments are connected to the ECU. In many cases
the engine warning light will go on which means that the emergency program is operating.
Incorrect fuel blends can also be harmful for several important exhaust cleaning components, such as
the catalytic converter.
On the market there are also Fuel Pressure Regulators that claim to give the correct amount of fuel
when using E85 or mixing fuels. The problem with this solution is similar as with the above
mentioned flexifuel solutions. And, an increased pressure can increase the risk of leakage and an
altered injector situation which is negative for combustion as well as for function.
There are a number of risks involved with simpler conversions and BSR would advise not to use these.
If simpler solutions worked, naturally these would be a part of our product range.

Emissions and experiences
with E85 converted cars in
the BEST project (WP 1)

April 2009, Växjö
BEST Deliverable No D.1.20
Appendix 5
Inspection of engines converted for E85 use.
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Inspected engines
This report contains the results from the inspections carried out on two out of the three engines that
are part of the BEST project. The inspected vehicles are a Saab 9-5 2.3T and an Opel Signum 2.0T. The
third car, a Chevrolet Colorado was not available as it is no longer in BSR’s possession as a result of
Svenska Cadillac AB going out of business in July 2009.
The engines have been disassembled and inspected in accordance with BSR experience from
previous E85 projects with engines converted for E85 fuel.
Summary
Previous experiences using E85 fuel have shown no noticeable damages on the engine or on the
components. Many of the circulating rumours regarding E85 being very aggressive on fuel
components are in our experience exaggerated. However, some minor corrosion issues have been
spotted, although they have never been severe enough to affect engine performance nor durability.
In fact, in some cases, using E85 results in fewer residues in the engine.
Common issues with Saab 9-5 petrol engines
Saab 9-5 petrol engines have had serious issues from the manufacturer regarding engine lubrication.
The issue has been referred to as “oil sludge” and means that the narrow oil canals in the engine get
clogged with oil and thereby prevents proper lubrication. The main reason for this is that a new set of
low friction piston rings were introduced to lower the internal friction of the engine and thereby
improve gas mileage. The new rings allowed more exhaust gas to pass the rings and end up in the
crank case and engine oil. Furthermore, the oil pump capacity was slightly reduced and in
combination with replacing the oil coolers thermostat (allowing higher oil temperature before
opening) as well as having higher power output (more stress) on the engine, the lubrication system
often failed causing engine break down. Several engines were replaced during 2002-2005 as a result
of this design error.
Using E85 however, these problems are substantially reduced.
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Inspection results from the Saab 9-5
At the time of inspection, the vehicle had 113.450 kilometres on the odometer and the car hade
been driven using E85 between 61.000 kilometres and 113.450 kilometres (52.450 kilometres).
This car and engine has been used as a development tool by BSR and as such, it has endured
numerous tests and calibration activities causing extra wear.
The car has with stock engine (has never been replaced) been taken through and passed all
certification requirements for E85 use according to the Swedish rules and regulations. At the point of
certification, the engine had 80.000 kilometres on the odometer. In general, converted cars are
tested as if they were brand new and one part of the requirements says that the supplier must
guarantee that emission levels are within specification until the vehicle passes 80.000 kilometres.
This test vehicle passed all tests despite the fact that it had even more than 80.000 kilometres on the
odometer. More about this can bee found in the main report - Page 11 ”Swedish rules and
regulations”.

Engine block, pistons and cylinders
No damages or corrosion out of the ordinary could be found. The cylinders were in perfect condition
and measurement results proved that they were 90.00 – 90.01 mm in diameter which is with good
margin within specification.
The play between piston and cylinder wall was 0.07 mm which is within the recommended range and
the piston ring gap was 0.6 mm which is fully normal for an engine like this one.

Picture 1: Photo taken inside the cylinder. No wear is evident on
the cylinder walls.

Picture 2: Piston rings with no sign of wear. Piston ring gap
Is within specification and no anomalies present.
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Cylinder head and valves
Normal residue levels were observed. Some of the intake valves showed mild corrosion and some of
the valve seats showed signs of wear. This implies that the valves can be affected by E85 from a
corrosion point of view. The valve guides are however not affected by this. As a result of this, it can
be concluded that the valves might have a shorter life span using E85 (although this is speculative)
and one possible measure to avoid this is to replace the valves with stainless steel versions.

Picture 3: Exhaust valves and intake valves in the cylinder head.

Picture 4: Valve stems in the cylinder head.

A cylinder leak-down test was performed before the engine was taken apart and the result indicates
a leak in the exhaust valves. This has in our opinion nothing to do with the fuel itself, rather with the
many hard tests, calibrations and driving cycles. Leak down test results are:
Cylinder 1:
Cylinder 2:
Cylinder 3:
Cylinder 4:

4%
10% (exhaust valve)
10% (exhaust valve)
5%

Comment: 3-4% is fully normal for a standard engine. At 10%, we are at the limit for what is
acceptable before performing maintenance. In this case, some of the exhaust valves would need
replacement or a simple polish of the valve seat.
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Bearings
No damages observed. The play is in accordance with manufacturer recommendations (0.07 mm on
block bearing, 0.05 mm on crank bearing) and wear on camshaft bearings were normal.

Picture 5: Bearings with no signs of excessive wear and dimensions within spec.

Fuel system
No damages observed. In previous projects, we have thoroughly investigated the entire fuel system
including gaskets, fuel lines, rubber and plastic materials to make sure that they are compatible with
the E85 fuel.

Miscellaneous
The oil pan show no residue and one can conclude that E85 in general results in less residue inside
the engine compared to using gasoline.

Picture 6: Oil pan (engine oil container) with no residue or debris.
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Inspection results from the Opel Signum 2,0T
An equivalent investigation to the Saab engine has been performed on the Opel engine. For the Opel
engine, absolutely no wear on pistons, cylinders, valves, head and bearings have been seen.

Picture 7: Engine piston inside cylinder.

Picture8: Engine head with valves.

The intake valves show no corrosion as a result of them being manufactured in another material
compared to the Saab.

Picture 9: Intake valve

Picture 10: Valve stems in cylinder head.
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Fuel system
Below are pictures of fuel system details such as fittings, fuel pump, fuel pressure regulator, fuel
injectors, fuel filter and gaskets, all of which show no signs of wear. The parts are made of different
materials such as steel in different alloys, aluminium, rubber and Teflon and the result shows that
they all are compatible with E85.

Picture 11: Fuel injector bridge gasket

Picture 12: Fuel pressure regulator

Picture 13: Fuel filter

Picture 14: Fuel injector characteristics testing

Picture 15: Fuel pump

Fuel injector characteristics and capacity testing.
No deviations were found.

Fuel pump inspection with no signs of
wear or corrosion. Note that the fuel
pump is located inside the fuel tank and is
covered with fuel.
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Picture 16: Rubber fuel line

Picture 17: Fuel injector

Fuel lines (rubber) is not affected by the ethanol.

Fuel injector with no signs of wear or
corrosion.

As a comment, BSR have also in earlier projects used stock rubber fuel lines with no issues seen. In
general, all major manufacturers of these rubber lines specify these items to be used with both
petrol and ethanol. The fuel line in the picture below is cut open for inspection after 180.000
kilometres of driving using ethanol.

Picture 18: Rubber fuel line cut open
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Miscellaneous
Turbo charger and other components that come in contact with the fuel have not been affected.

Picture 19:Turbo charger on exhaust manifold

Conclusion
Using E85 means no extra wear on engine parts or an increased risk of leaks in the fuel system
although one must pay attention to any parts that are sensitive to corrosion and exchange these
parts when converting a vehicle for E85 use. Changing components will result in a conversion that
will become more expensive. In our experience, vehicles using fuel tanks made of metal are not
suited for conversions.
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