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APPENDIX A: COLD DRIVABILITY

Test Fuel Preparation
The petrol for the cold drivability was sourced from a large turnover Mobil Service Station at
Auburn NSW.

The containers for the neat test fuel were filled directly from bowser.  At the same time the
containers for the E10 test fuel were firstly each charged to 10% of their nominal volume with
anhydrous ethanol and then immediately topped up to their nominal capacity with neat petrol from
the same bowser. Care was taken to ensure that the anhydrous ethanol comprised 10% v/v of the
total. Two containers, one of 20 l capacity and one of 10 l were prepared for each test and fuel.
Three sets of containers were also prepared as spares.

At the time of filling, a sample of both the Leaded and Unleaded petrol was taken directly from the
bowser.  Samples from two E10 containers were also taken.  Fuel remaining in the two sampled E10
containers was not used for testing but was retained for reference, if required, on conclusion of the
trial.  The results of the fuel analysis are shown in Figure A-1.
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FIGURE A-1: FVI ANALYSIS OF COLD WEATHER TEST FUEL

All containers of test fuels were stored under refrigerated conditions (approximately 8°C) at NSW
EPA's facility, Lidcombe, NSW, until they were needed for testing. The 10 l containers were kept at
EPA until required by NRMA for filling the test vehicle.

All 20 l containers were transferred to the Londonderry test site 48 hours before the start of the first
test and stored in the refrigerated container at -4.5°C.
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Vehicle Preparation
The protocol applied in preparing each of the test vehicles for the cold-start and cold drivability was
as follows:

♦ Mechanical Service

 The vehicle is serviced immediately prior to each test.  The first is a full service, except
that pre-existing engine tune is not altered, with the test vehicle fuelled on neat petrol.
The second service is simply a verification of the vehicle condition, but after the fuel
tank has been drained before charging with E10.

 Details of the respective services are as follows:

∼ First Test Service

• Drain the engine and refill with 15w40 grade oil;

• Drain the radiator and refill with anti-freeze solution;

• Top up transmission oil level;

• Record the state of engine tune, but make no adjustment;

• Check battery condition, both voltage at engine stop and specific gravity of
electrolyte;

• Check operation of choke;

• Fit a vacuum gauge and, if required, a tachometer;

• Drain the vehicle's fuel tank completely;

• Charge tank with 10 litres of neat petrol test fuel, after sampling assigned
container; and

• Measure CO% at both idle and fast idle.

 

∼ Second Test Service

• Record the state of the engine's tune, but no adjustment;

• Check battery condition, both voltage at engine stop and specific gravity of
electrolyte;

• Drain the vehicle's fuel tank;

• Charge tank with 10 litres E10 of test fuel, after sampling the assigned
container; and

• Measure CO% at both idle and fast idle.

Temperature Preconditioning
After each service, the vehicle was driven to the Londonderry test site on the 10 litres of test fuel.
This drive of approximately 50 Km formed part of the SAE protocol for the cold weather test, by
stabilising the engine's coolant temperature before cold temperature soak.

On arrival at the test site, the test vehicle was placed into the coldroom, already at the pre-set
temperature of -4.25 °C for a one-hour cold soak.  The test vehicle was then removed from the
coldroom ready to be filled with the test fuel.  Immediately prior to filling the vehicle, two 1 litre fuel
samples were taken for later analysis.  The vehicle was then filled with the remaining 18 l of the test
fuel, being neat petrol for the first test, and driven over a distance of approximately 7-km.
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A thermocouple was attached to the cylinder block and the battery voltage recorded.  The vehicle
was then placed back in the coldroom and cold soaked for a minimum of 12 hours at a return air
temperature of -4.25°C.

After a minimum of 12 hours the block temperature was measured and, providing it was less than
minus1°C, the soaked test vehicle was removed from the cold room.  The battery voltage was then
noted together with the ambient weather conditions.

Due to the relatively high absolute humidity (Figure A-2), substantial ice formation occurred on all
parts of the vehicle.  This was removed from window and rear view mirror areas using de-icing fluid.
Unfortunately, in some instances, condensation/ice also formed inside instruments such as
speedometers, making them difficult to read.

Water Content at Varying Temperatures

0

0.002

0.004

0.006

0.008

0.01

0.012

-10 -5 0 5 10 15 20

Degrees C

M
as

s 
o

f 
w

at
er

 p
er

 m
as

s 
o

f 
d

ry
 a

ir

100% Humidity
Lexcen
Magna
Laser
Falcon

FIGURE A-2: ABSOLUTE HUMIDITY

The vehicle was then towed 0.4 Km to the test road, over which route the cold start and cold
drivability tests were then immediately commenced and carried out as per the protocol described in
section 6.4.2.1.

Immediately following the first drivability test on neat petrol the test vehicle was returned to NRMA
for the second service.  Following that second service the same procedure as followed the first was
carried out, i.e. the 50 km stabilising drive, soak, 20 litres of test fuel, cold soak > 12 hours, and
cold startability and drivability.

Performance Evaluation
The test protocol adopted for evaluating Cold-Start Drivability was based on Cold-Start Drivability
procedures from SAE, Co-ordinating Research Council (CRC), and Federal Chamber of Automotive
Industries (FCAI).
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Cold Startability
Evaluating cold startability involved assessing the start time of the test vehicle following the 12-hour
cold soak.  The practice used for starting each engine was taken from the cold start procedure
recommended by the vehicle's operating manual.  The total cranking time was recorded then, 5
seconds after starting, idle rpm and idle vacuum were also recorded.  The Cold Drivability was then
commenced.

Cold Drivability
The main symptoms of vehicle drivability problems are characterised in SAE J1312 Jan 93 as in
Table A-1.  Throughout each test cycle, a vehicle's drivability phenomena are graded as described in
Table A-2.

TABLE APPENDIX A:-1: DRIVABILITY PHENOMENA

Startability - the ease of engine starting;
Idle stability - the degree of smoothness of the engine in engine idling condition
Stalling - engine failure to continue running;
Stumble - a short, sharp reduction in acceleration;
Hesitation - temporary delay in response to the throttle being opened; and,
Surging - is a fluctuation of engine power output while under steady load.

TABLE APPENDIX A:-2: DRIVABILITY GRADING

5 Excellent No problem, Insensible
4 Good Problem hardly sensed
3 Average Not without problem
2 Poor Problem distinctly sensed
1 Extremely poor Uncomfortable

The cold drivability cycle, carried out over a distance of 1 kilometre, involved accelerating and
decelerating within a speed range of 0-60 Km/hr.  Over this period the vehicle's performance was
noted and at the end of the cycle it was brought to a standstill and idled.  For each test, the
drivability cycle is carried out four times.

Figure A-3 shows the drivability cycle for the test vehicles.  It should be noted that, due to
differences in acceleration, distances travelled for each part of the cycle will vary.
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FIGURE A-3: COLD DRIVABILITY TEST CYCLE

Throughout each cycle, a vehicle's drivability is graded as described in Table A-2.  Of the four
cycles comprising a test each has an additional weighting factor applied to its grade as follows:

♦ First cycle 9

♦ Second cycle 5

♦ Third cycle 2

♦ Fourth cycle 1

These declining weights compensate for the vehicles operating temperatures increasing throughout
the test.  After the relevant weighting factor has been applied to the grading of each phenomenon,
they are totalled for the four drivability cycles.  The total then constitutes the test result for a
particular fuel.
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Data Sheets

FIGURE A-4: EXAMPLE DATA SHEET
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FIGURE A-5: MAGNA COLD DRIVABILITY RESULTS
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FIGURE A-6: LEXCEN COLD DRIVABILITY RESULTS
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FIGURE A-7: LASER COLD DRIVABILITY RESULTS
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FIGURE A-8: FALCON COLD DRIVABILITY RESULTS
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Vehicle Parameters
Falcon

Petrol E10
NRMA Service Idle RPM 700 800

Dwell
Timing 6 6
DP rpm
Idle CO% 1.98 1.51
Fast Idle CO% 1 0.57
Specific Gravity 1.25 1.25
Battery Voltage 13 12.7

Test Day Battery Voltage 11.9 12.4
Weather
Amb. Temp. (°C) 12.5 11
Humidity (%) 58 66
Wind Velocity negligible negligible

Wind Direction
Tyre Pressure (kPa) 200 200
Test Start Time 6.35 6.40
Soak Duration (hr) 14 14.4
Soak Temp. (°C) -4.25 -4.25

Cold Startability Cranking Time (sec) 1 2
5 sec after starting Idle rpm 700 700

Idle Vacuum (kPa) 15 15
After Cold Drivability Idle rpm 750 750

Idle Vacuum(kPa) 17 17

Cold Drivability Petrol E10
Defect Item 4 3 2 1 Total 4 3 2 1 Total
Idling Stability 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Slow Response 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Stumble 3x1 2x2 2x5 0x9 17 0x1 5x2 1x5 0x9 10
Surge 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Back fire 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
After fire 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Knock Accel/Decel 2x1 0x2 2x5 2x9 30 0x1 0x2 0x5 0x9 10

Low Speed 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
High Speed 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9

Startability (restart) 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Stall 0x1

8
0x1
8

0x1
8

0x1
8

0x18 0x18 0x18 0x18
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Laser
Petrol E10

NRMA Service Idle RPM 980 970
Dwell
Timing 4 5
DP rpm 1500 1500
Idle CO% 1.39 0.26
Fast Idle CO% 0.46 0.77
Specific Gravity 1.28 1.28
Battery Voltage 12.48 12.63

Test Day Battery Voltage 12.84 12.8
Weather Fine Fine
Amb. Temp. (°C) 4 7.5
Humidity (%) 84 87
Wind Velocity 0 0
Wind Direction
Tyre Pressure (kPa) 200 200
Test Start Time 6.45 6.45
Soak Duration (hr) 14 14.25
Soak Temp. (°C) -4 -4

Cold Startability Cranking Time (sec) 9 2
5 sec after starting Idle rpm 100 1130

Idle Vacuum (kPa) 17 17
After Cold Drivability Idle rpm 910 900

Idle Vacuum(kPa) 21 21

Cold Drivability Petrol E10
Defect Item 4 3 2 1 Total 4 3 2 1 Total
Idling Stability 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Slow Response 0x1 0x2 3x5 0x9 15 0x1 0x2 0x5 0x9
Stumble 0x1 0x2 3x5 0x9 15 0x1 0x2 1x5 0x9 5
Surge 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Back fire 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
After fire 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Knock Accel/Decel 3x1 3x2 3x5 3x9 51 3x1 2x2 3x5 3x9 49

Low Speed 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
High Speed 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9

Startability (restart) 0x1 0x2 0x5 0x9 0x1 0x2 0x5 0x9
Stall 0x1

8
0x1
8

0x1
8

0x1
8

0x18 0x18 0x18 0x18
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Magna
Petrol E10

NRMA Service Idle RPM 800 820
Dwell
Timing 13 13
DP rpm 900 900
Idle CO% 2.3 1.23
Fast Idle CO% 0.68
Specific Gravity 1.2 1.27
Battery Voltage 12.8 12.73

Test Day Battery Voltage 12.87 12.8
Weather Partly

cloudy
Partly
cloudy

Amb. Temp. (°C) 6 12
Humidity (%) 79 62
Wind Velocity 0 0-5
Wind Direction NW
Tyre Pressure (kPa) 190 190
Test Start Time 7.00 6.30
Soak Duration (hr) 13.5 13
Soak Temp. (°C) (-3)to(-4) (-3)to(-4)

Cold Startability Cranking Time (sec) 2 2
5 sec after starting Idle rpm 1200 1250

Idle Vacuum (kPa) 14 15
After Cold Drivability Idle rpm 800 800

Idle Vacuum(kPa) 19 18

Cold Drivability Petrol E10
Defect Item 4 3 2 1 Total 4 3 2 1 Total
Idling Stability 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Slow Response 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Stumble 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Surge 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Back fire 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
After fire 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Knock Accel/Decel 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0

Low Speed 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
High Speed 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0

Startability (restart) 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Stall 0x1

8
0x1
8

0x1
8

0x1
8

0 0x18 0x18 0x18 0x18 0
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Lexcen
Petrol E10

NRMA Service Idle RPM 800 900
Dwell
Timing
DP rpm
Idle CO% 2.9 1.81
Fast Idle CO% 0.6 0.52
Specific Gravity 1.27 1.25
Battery Voltage 12.9 12.8

Test Day Battery Voltage 12.19 12.34
Weather Fine Fine
Amb. Temp. (°C) 4.5 3.5
Humidity (%) 92 92
Wind Velocity 0 0
Wind Direction - -
Tyre Pressure (kPa) 210 210
Test Start Time 6.45 a.m. 6.40 a.m.
Soak Duration (hr) 14.5 13.25
Soak Temp. (°C) -4.25 -4.25

Cold Startability Cranking Time (sec) 2 2
5 sec after starting Idle rpm 1000 1050

Idle Vacuum (kPa) 15 17
After Cold Drivability Idle rpm 800 800

Idle Vacuum(kPa) 19 19

Cold Drivability Petrol E10
Defect Item 4 3 2 1 Total 4 3 2 1 Total
Idling Stability 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Slow Response 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Stumble 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Surge 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Back fire 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
After fire 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Knock Accel/Decel 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0

Low Speed 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
High Speed 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0

Startability (restart) 0x1 0x2 0x5 0x9 0 0x1 0x2 0x5 0x9 0
Stall 0x1

8
0x1
8

0x1
8

0x1
8

0 0x18 0x18 0x18 0x18 0
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APPENDIX B: HOT DRIVABILITY & HOT FUEL HANDLING

The purpose of this trial was to evaluate the performance characteristics of 10% v/v ethanol petrol
blend (E10) as compared to those of neat petrol under hot climate conditions.

Hot Drivability
The hot drivability protocol used for the trial was provided by FCAI. The protocol is designed to
evaluate drivability in a vehicle placed under specific demands/criteria when in a hot climate
environment and consists of two parts. The salient parts of this protocol are:

♦ Warm-up before test

For the engine warm-up, the test vehicle is driven over 5 km at either 100 km/h with 4th
speed (or range D) or in case road conditions make this impossible, at 70 km/h with 3rd
speed (or range 2).

♦ Judging standard for sensory test

The judging standard used for this sensory test is on the basis of the absolute
evaluation. "Absolute evaluation" means the evaluation which is not conducted by
comparing with any other particular vehicle, but according to the 5-grade method which
is also used by the sections concerned in where the grade 3.0 or higher is acceptable in
the evaluation.

Actually, after providing additional grades at intermediate points that are positioned
exactly halfway between each set of points, for example, at 1.5 between 1 and 2, the
judgement is conducted according to 9 grades in total.

♦ The basic grades for judgement are in

Table Appendix B:-1.

TABLE APPENDIX B:-1: DRIVABILITY GRADING

5 Excellent No problem, Insensible
4 Good Problem hardly sensed
3 Average Not without problem
2 Poor Problem distinctly sensed
1 Extremely poor Uncomfortable

♦ Description of the phenomena that may occur and testing method

Words to express descriptions of the phenomena and testing method, etc. are shown in
Figure Appendix B:-1 and the test result should be entered on the check sheet of the
attached "Results of Sensory Test".

However, the attached sheets are used merely for reference, and it is not necessary to
follow the attached sheets entirely and all problems encounted should be freely pointed
out.
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 FIGURE APPENDIX B:-1: DRIVABILITY CLASSIFICATION {PRIVATE COMMUNICATION 1996 ID: 12}

Hot Fuel Handling - Australian Heat Test Method
The hot fuel handling protocol used for the trial was also provided by FCAI. The protocol is
designed to evaluate vapour lock resistance and is applicable to testing in both the environmental
chamber and under road test.  The test conditions and criteria are:

♦ Conditions

∼ Fuel quantity - 30 l

Fuel temp (at fill) - to be recorded

∼ WOT upshift (M/T) at an engine speed corresponding to 0.85 N(max).

N(max) = Maximum recommended engine speed.

∼ Dead soak - in tent (windbreak) or shed

∼ Ambient temperature - 35°C min on road test

∼ Wind direction to be from rear of vehicle during hot soak

∼ A/C to be on for entire test cycle. Air engaged in "FRESH" position

∼ Wind speed max -5 m/s (18 kph, 10 knots)

♦ Acceptability criteria

∼ T1/T*, T2/T* ≤ 1.5

∼ Speed down is unacceptable

∼ Surge - Driver rating: - Marginal level = 3 if surge is felt through 
    driver's seat

 - Unacceptable = 2.5
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Sample Test Sheets

FIGURE APPENDIX B:-2: HD AND HFH TEST RECORDING SHEET 1
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FIGURE APPENDIX B:-3: HD AND HFH RECORDING SHEET 2
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Test Data - Broken Hill

FIGURE APPENDIX B:-4: MAGNA 1995 - NEAT PETROL - HD
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 FIGURE APPENDIX B:-5: MAGNA 1995 - E10 - HD TEST RESULTS
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FIGURE APPENDIX B:-6: LEXCEN - NEAT PETROL - HD TEST RESULTS
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 FIGURE APPENDIX B:-7: LEXCEN - E10 - HD TEST RESULTS
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 FIGURE APPENDIX B:-8: FALCON - NEAT PETROL - HD TEST RESULTS
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 FIGURE APPENDIX B:-9: FALCON - E10 - HD TEST  RESULTS



 APPENDIX B: HOT DRIVABILITY 27

FIGURE APPENDIX B:-10: MAGNA 1985 - NEAT PETROL - HD TEST RESULTS
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FIGURE APPENDIX B:-11: MAGNA 1985 - E10 - HD TEST RESULTS
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Test Data - Bourke

FIGURE APPENDIX B:-12: FALCON - NEAT PETROL - HD TEST RESULTS
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FIGURE APPENDIX B:-13: FALCON - E10 - HD TEST RESULTS
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FIGURE APPENDIX B:-14: CAMRY - NEAT PETROL - HD TEST RESULTS
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 FIGURE APPENDIX B:-15: CAMRY - E10 - HD TEST RESULTS
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 FIGURE APPENDIX B:-16: LEXCEN - NEAT PETROL - HD TEST RESULTS
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FIGURE APPENDIX B:-17: LEXCEN - E10 - HD TEST RESULTS
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FIGURE APPENDIX B:-18: MAGNA - NEAT PETROL - HD TEST RESULTS
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FIGURE APPENDIX B:-19: MAGNA - E10 - HD TEST RESULTS
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APPENDIX C: FUEL CONSUMPTION

US experience
Since the introduction of the oxygenated petrol (CO) and RFG (ozone) programs, the US EPA has
received questions from the public regarding various aspects of the programs.

Many of the questions were related to reduced vehicle performance and fuel economy. Some
motorists indicated economy losses in excess of 20% but such complaints were not consistent with
the experiences of most motorists in regions using similar ethanol/petrol formulations. The
complaints were also inconsistent with the results of many automotive testing programs which
indicate that oxygenated petrols do not negatively impact vehicle drivability and will not produce
more than a slight reduction in fuel economy.

Studies Related to Fuel Economy Effects
Numerous fuel economy test programs have been carried out in the US, by the US EPA and other
scientific organisations, in relation to E10 fuels.  Listed below are summaries of some E10 related
fuel economy programs, the list has been taken from {4}.

♦ "On-Road Study of the Effects of Reformulated Gasoline on Motor Vehicle Fuel
Economy in Southeastern Wisconsin " US. Environmental Protection Agency and the
Wisconsin Department of Natural Resources, March 31,1995.

The Wisconsin Department of Natural Resources and the U.S. Environmental
Protection Agency conducted an on-road study of the fuel economy effects of RFG in
March, 1995. The intent of the study was to respond to consumer concerns that RFG
was responsible for large reductions in motor vehicle fuel economy much larger than the
2% to 3% reduction predicted by previous studies or by the theoretical energy content
of the fuel formulations. In this study, fuel economy was measured from a group of
Milwaukee area vehicles representing various model years and fuel delivery systems,
and using four types of petrols, one conventional petrol and three oxygenated RFGs
(MTBE, ETBE, and ethanol). Eight vehicles were driven over a fixed, 100-mile route
with urban, suburban and rural segments. Their fuel usage was determined by weighing
the fuel at the beginning and end of the route. The study utilised vehicles with highly
variable technologies and included carburetted vehicles, port fuel-injected vehicles, and
throttle body fuel-injected vehicles. The study vehicles included older and newer
technology vehicles as well as a pick-up truck in order to represent as large an array of
on-road vehicles as possible.

In general, the results of this practical on-the-road study were consistent with the
predictions (based on both laboratory and on-road studies, as well as the energy content
of the fuels tested) that were set out in the RFG regulations. The average change in fuel
economy when RFG was compared to conventional petrol was a 2.8% reduction in
miles per gallon when using RFG.
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♦ 40 CFR Part 80 Regulation of Fuels and Fuel Additives.' Standards for Reformulated
and Conventional Gasolines, February 16th, 1994.

US EPA combined the results of 19 studies with over 4000 vehicle/fuel tests. The
analysis confirmed that fuel economy impacts are solely a function of fuel energy
content. The analysis concluded that fuel economy is reduced by 2% to 3% during the
winter season and 1% to 2% during the summer season.

♦ "Fuel Composition Effects on Automotive Fuel Economy - Auto/Oil Air Quality
Improvement   Research Program." Albert M Hochhauser et al, AQIRP, SAE Paper
#93013&

"The Auto/Oil Air Quality Improvement Research Program (AQIRP) is a co-operative
research program initiated by three domestic automobile companies and 14 Petroleum
Companies. This paper discusses the fuel economy measurements from two fleets of
vehicles running on fuels whose composition varied in a number of parameters. The
vehicle fleets used in this study are identified as the "Current Fleet" (20 vehicles, 1989
model year) and the "Older Fleet" (14 vehicles, model years 1983 to 1985)."

Summary of findings on fuel economy:

 

1. "Reducing aromatics from 45% to 20% lowered fuel economy by 2.8% in the
Current Fleet and by 3.2% in the Older Fleet."

 

1. "Adding 2.7 wt.% oxygen (equivalent to 7.7% v/v ethanol) lowered fuel economy
by 2.3% in the Current Fleet and by 1.6% in the Older Fleet."

 

1. "Reducing T90 from 360°F to 280°F lowered fuel economy by about 1.5% in
both fleets."

 

1. "Reducing olefins from 20% to 5% lowered fuel economy by 0.2% in the Current
Fleet and by 0.6% in the Older Fleet."

♦ "Are the Reductions in Vehicle Carbon Monoxide Exhaust Emissions Proportional to
the Fuel Oxygen Content?" IA. Gething. et al., Chevron Research Company SAE
Paper #890216.

An average 1.8% decrease in fuel economy was observed in an 18-vehicle test program
testing a non-oxygenated fuel and comparing it to a 2.0 wt.% MTBE fuel and a 3.5
wt.% ethanol fuel.

♦ "Fuel Economy Effects -- Controlled Fleet Study" Memo from Frank Gerry BP Oil
Company to Jim Williams, American Petroleum Institute, February 24,1995."
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British Petroleum Company conducted an extensive on-road fuel economy test program
testing eight 1992 model cars on non-oxygenated fuel and a 10% ethanol blended fuel.
Each car accumulated 20,000 miles of test data. The results of this study show a fuel
economy loss due to the use of the ethanol blend of 3.3% for the summer season, 2.4%
for the winter season, and 2.8% overall.

♦ "The Effect of Gasoline Composition and Characteristics on Fuel Economy"
Downstream Alternatives, Inc. Information Document #930901, September 1993.

This paper is a summary of current studies and an overview of the many factors that
may affect fuel economy. The factors discussed are engine design, consumer practices,
climate, and fuel composition. The paper emphasises the effects of oxygenates on fuel
economy. The paper cites theoretical calculations and observed fuel economy results
from several sources. The conclusion is that a 2.7 wt.% oxygen level (7.7% v/v ethanol)
fuel will cause, on average, a 1.6% to 2.3% decrease in fuel economy.

As can be seen from the works cited, research in this area indicates that fuel economy loss
experienced as a result of ethanol use agrees closely with the theoretical prediction for fuel energy
loss. Thus, although it may be reasonable to conclude that any fuel economy loss experienced with
oxygenate use is solely a function of the change in fuel composition and the resulting slight decrease
in energy content of the fuel other effects such as drivability may confound the issue in some
instances.
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FCAI Correspondence
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GUD Correspondence
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E100 Compatible Materials

TABLE APPENDIX D:-1: E10 TOLERANT METALS

Uses in Vehicles - Metals

Alloy Typical Use

Aluminium alloy Carburettor, fuel pump casing

Aluminium alloy (cast) Carburettor, accelerator pump casing, fuel tank fill pipe intake
manifolds

Magnesium ally Fuel Pump casing, plate on steel, brass component speciality-
purpose two cycle engine, transmission housings

Copper Brass & Bronze

Zinc Brass, air cleaner, carburettor

Carbon steel Fuel line, fuel pump fittings and casing, fuel filter, fuel tank,
carburettor fuel inlet, accelerator pump

Cartridge brass Fuel line fittings, carburettor jets and inlet needle, fuel bowl
float, power valve, valve seats

Iron (cast) Carburettor body, iron plates, engine block, intake and exhaust
manifolds

Zinc alloy (cast) Carburettor body, plate on steel, carburettor diaphragm

Terne plate Fuel tank, fuel line, air cleaner assemblies

Brass Fuel line fittings, carburettor jets and inlet needle, fuel bowl
float, power valve, valve seats
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TABLE APPENDIX D:-2: E10 TOLERANT ELASTOMERS & PLASTICS

Uses in Vehicles - Elastomers/Plastics

Materials Typical Use

Nitrile Carburettor gaskets, fuel cap gasket and seals, fuel filter tube
grommet, gas hoses, fuel bowl float, accelerator pump
diaphragms and plunger, fuel pump diaphragm

Viton EGR valves, fuel inlet needle tip

Neoprene (Chloroprene) Fuel cap vent to carburettor tube cover, fuel hose cover

Epichlorohydrin

-Homopolymer

-Coploymer

Diaphragm, carburettor choke control, fuel tube to filter, fuel
vapour return tube, hoses

Nylon 6 6 Carburettor float bowl baffle, fuel vapour storage canister,
carburettor components

Delrin (Acetyl polymer) Carburettor components

Teflon Shaft Coatings, venturi valve

Polyethlene (high density) Hoses

Nitrophyl (Nitrile
rubber)

Floats, accelerator pump cups

Fluoroelastomers Fuel line. hoses, carburettor needle tips, gaskets, “O” rings and
fuel pump couplers, evaporative emissions line, fuel filler necks

Note:- Manufacturer data suggests that Viton & flourelastomers are preferred materials for use 
with alcohols, ethers, and higher concentrations of aromatics.
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Catalytic Converter
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Summary

The converter supplied by APACE has been examined and tested in the following ways

1. The canister was cut open and four samples taken from the catalyst honeycomb.

2. Each sample has been tested to determine its ability to remove four pollutants from a
simulated exhaust gas.

3. The surface area of each sample has been measured.

Results are as follows.

1. Initial Inspection and Testing

According to information given on delivery the converter had been taken from a 1991 Ford Falcon
EB which had travelled between 200,000 and 250,000 km.  The manufacturers codes on the
converter (AFMO2, 91DA5E211BA) are consistent with that. It is our understanding that the
vehicle had fuel injection in which case the catalyst honeycomb should be of the three-way type with
platinum and rhodium, and possibly palladium, as the active elements. However we have no
chemical analyses of our own to confirm that.

The appearance of the catalyst honeycomb (oval in section 15 cm wide by 8 cm high by 15 cm long)
was normal for a unit which had seen extensive use but without gross overheating. It was light grey
in colour, cracked across the middle and with a few white deposits on the front face. The retaining
gasket had corroded to a considerable degree but there had been no bypassing.

Seven samples (each approximately 2 cm long by 1 cm diameter) were cut end-to-end in sequence
along the centre axis. The tests described below were carried out on samples from the following
positions  1 (front), 2 (next in line), 4 (centre) and 7 (adjoining rear face).

2. Performance Testing

Our standard procedure is to heat each sample in a continuous flow of simulated exhaust gas while
raising the temperature from room temperature to 500 °C. The outlet stream is continually analysed
to establish the % removal of each component of the test gas. The test gas contains

carbon monoxide (CO) - arises in an engine through incomplete combustion of fuel
propene (C3H6) - representative of easy to oxidise hydrocarbons in unburnt fuel
propane (C3H8) - representative of hard to oxidise hydrocarbons in unburnt fuel
nitric oxide (NO) - arises from heating of air during combustion
oxygen and hydrogen - in amounts similar to real exhaust
the balance is inert helium

When the catalyst is working properly it converts the CO, fuel components and NO to harmless
carbon dioxide, water and nitrogen.
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The test results for the four samples from the APACE converter are plotted in Figs 1 to 4.
The performance of a sample taken from a vehicle which had travelled only 3,000 km is
shown for comparison in Fig. 5. The samples from the APACE converter require higher
temperatures to remove carbon monoxide and propene and their ability to remove NO and
propane is very much worse. The standard way of comparing the performance of catalysts
in the above type of test is in terms of the temperature required to remove 50% of the
carbon monoxide (denoted T50CO), the corresponding temperature for propene (T50C3H6)

and the mean conversion of nitric oxide averaged over the temperature range from 100°C to
500°C. The performance of the four samples from the APACE converter expressed in these
terms is shown in Table 1.

Figures 6, 7 and 8 show how the performance of the APACE samples compares against that
of a set of samples taken from near the front faces of the 45 three-way converters studied in
our project for the Environmental Research Trust of New South Wales. The T50CO values
for the four APACE samples all sit well above the limit we used to designate satisfactory
performance in that study. The best performing sample (position #1) has worse performance
than 60% of the samples in the set while #7 is worse than 90%.  The behaviour of the four
APACE samples is similar in terms of T50C3H6. All are above the limit with #1 worse than
55% and #7 worse than 75% of the reference set. Their performance is worse still in terms
of the mean conversion of NO. None of the samples can achieve a mean conversion better
than 13% and all perform worse than 95% of the samples in our set of 45.

The limits shown in Figs 6 to 8 should not be regarded as absolute ones above which failure
of the vehicle on a driving cycle test is inevitable. Rather they indicate that the performance
of the catalyst is well down on that of new and also that of many converters which have
been used for quite long periods. Most of the converters in the best (ie left) half of the
curves in each figure were from vehicles which had travelled much more than the 80,000 km
statutory requirement placed on vehicle manufacturers by Australia Design Rule 37/00.
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A more direct comparison for the APACE samples is against results for samples taken from
two particular vehicles in our set which were similar in type to the APACE one. The results
for them are shown in the following Table.

It is apparent that the APACE samples perform, on average, slightly worse than the ones in
Table 2 in terms of T50C0 and T50C3H6. In terms of mean NO conversion they are very

much worse than the vehicle with test code MU96073 and significantly worse than that
tested as MU94033. A further notable difference is that the performance of the APACE
samples falls from front to back (positions 1 thru 7) along the converter. That is quite
unusual. More than 90% of the converters we have tested have lowest activity at the front
in the manner seen for MU94033 and MU96073 in Table 2.

The significant point here is that both vehicles referred to in Table 2 had been tested
according to the ADR37 driving cycle test and both failed when fitted with the converter
from which our test samples were taken but subsequently passed when a new converter was
fitted. The results for MU96073 are not relevant since the vehicle was tested on LPG and
there was a carburrettion problem when first tested.  The ADR test results for MU94033
are shown in Table 3 below.
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The vehicle failed marginally on all three pollutants with the original converter but
performed much better especially in terms of HC and NO with the new converter. Since the
performance of the samples from the APACE converter on our tests was significantly worse
than that of those from MU94033 it seems highly likely that the APACE vehicle would not
pass ADR37 either. The only proviso here is that there were no large changes in engine
systems between the two models.

3. Surface Area

Catalyst honeycombs lose activity through the following causes

(i) Deposition of large amounts of contaminants which. reduce access by the pollutant 
gases

(ii) Overheating which collapses the oxide structure which supports the active metals
(iii) Sintering of the particles of active metal which reduces the number of surface atoms 

responsible for the pollution control reactions
(iv) Poisoning of the activity of the metal particles by specific contaminants such as 

lead

Causes (i) and (ii) are accompanied by substantial reductions in the surface area of the
honeycomb which can be measured by the adsorption of gases according to a standard
procedure called the BET method. Table 4 shows the surface area of the four APACE
samples in comparison with those from tests MU94033 and MU96073
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The surface area of samples from unused converters is usually in the range 25 to 30 m2/g. It
falls to 18 to 20m2/g after a few thousand kilometres of use on a vehicle and declines slowly
from then on. In our previous study of the 45 converters, samples with surface areas below
7 m2/g always showed activities below the limits in Figs 6 to 8. The front samples from
MU94033 and MU96073 have very low areas which we know is due to contamination by
deposits containing phosphorus, calcium, zinc etc derived largely from the combustion of
engine oil. Either the front sample from the APACE converter has been less contaminated,
which is possible although unlikely because of the high kilometres travelled by the vehicle,
or the contaminants have been deposited somewhat differently. The surface areas of samples
from positions #2 thru #7 are similar for all three converters. The only conclusion that can
be drawn from Table 4 is that the loss of performance by the APACE samples was not
solely due to blockage of the oxide structure through either collapse or filling by
contaminants.  In those cases the surface areas would have been lower than observed.

Tentative Diagnosis

Based on past experience we believe that the deterioration of the catalyst honeycomb on the
APACE vehicle was most likely due to normal wear and tear attributable to the high number
of kilometres travelled by the vehicle. The data for the comparison honeycomb, MU94033,
shows that 100,000 km of use with this type of vehicle can be sufficient to bring catalyst
performance below that required to meet ADR37. It should not be inferred from this that
there is a design problem - the relevant ADR regulations only require conformity for 80,000
km and MU94033 could well have met the standard then. The poorer performance still of
the APACE samples on our tests can then be attributed to the extra distance travelled -
greater than 200,000 km. No significance should be attached to the APACE samples being
worse than those from the second comparison converter, MU96073, which had travelled a
higher distance still (287,000 km) since that converter came from a taxi which had operated
on LPG since new. Oil consumption, one factor in causing deterioration, is expected to be
less on vehicles which are in near continuous use.

There are three special features of the test results for the APACE samples which warrant
some comment.
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(i) The performance at the rear of the converter is worse than at the front which is the 
reverse of the normal pattern

(ii) The surface areas are relatively uniform throughout rather than showing a sharply 
lower area at the front as is usual.

(iii) The deterioration in performance for NO removal is considerably greater than for 
CO and C3H6.

One possible explanation is that the exhaust gas temperature was a little lower than normal
and the rise in temperature along the converter, which accompanies the pollution control
reactions, was more gradual than usual. This could have two effects. Firstly the rear of the
converter could run hotter than the front third, the reverse of normal. Secondly, the
chemical form taken by contaminants derived from oil and fuel could be changed leading to
a somewhat different deposition mechanism on the honeycomb with consequences in terms
of surface area and possible poisoning of the active metals.  (The samples from MU94033
and MU96073 contained palladium as a major ingredient and this is more prone to
poisoning than platinum). Temperature effects of the above types have been reported in
more extreme forms in tests on vehicles powered by pure methanol. We do not know the %
of ethanol in the Petrohol or if the APACE vehicle had operated on it exclusively. The
effect of 10 or 15% ethanol on exhaust temperature and exhaust composition would be
quite small but possibly sufficient to have some effect on the temperature gradient in the
converter.

There is one other effect of methanol fuels which has been described in the literature. In one
test it was found to dissolve lead out of "terne" plate which is used to protect the interior
surfaces of steel petrol tanks against corrosion. The resultant mobilisation of lead into the
fuel resulted in severe catalyst poisoning. We don't know if the APACE vehicle had a plastic
or a steel fuel tank but even if it was the latter we think it is highly unlikely that the ethanol
in Petrohol would leach out lead.

If the above explanations for observations (i) and (iii) are incorrect then the only alternative
one that occurs to us is that that the active metals in this particular converter are distributed
unevenly with much less at the rear than the front.  Analyses on other converters in the past
have sometimes shown quite substantial variations but probably insufficient to account for
the extent of variation in activity in the samples taken from the APACE converter.

It would be possible to shed some additional light on the above points through

1. Analysis of the samples by the PIXE/PIGME method to determine if any 
contaminants are present in unusually high amounts and also to determine the 
amount of active metal at each sample location and whether palladium is present.

2. XRD measurements to see if any particular contaminant phases are present and to 
determine the size of ceria particles in the oxide support (from which the 
temperature experienced during use can sometimes be inferred).
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Such additional work could provide extra assurance that nothing untoward had occurred in
the APACE converter. However we think it is rather unlikely that the extra data would be
of a form which would cause us to alter the tentative diagnosis expressed above (ie that
deterioration is attributable to standard wear and tear on a vehicle which has travelled a
long distance and hence not related to use of Petrohol itself).

Noel W. Cant

Dennys E. Angove 21 July
1997
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Component Inspection Reports
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APPENDIX E: ENGINE & FUEL SYSTEM WEAR

Engine Inspection Reports
1985 Ford Falcon XF
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1995 Toyota Lexcen
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1995 Mitsubishi Magna
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1992 Ford Falcon EB
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1981 Holden Commodore VH
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APPENDIX G: VEHICLE SELECTION QUESTIONAIRE
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APPENDIX H: LINEAR REGRESSION ANALYSIS

Regulated Exhaust Emissions
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 FIGURE APPENDIX H:-1: SCATTER GRAPHS - EXHAUST -  POST-TUNE HC EMISSIONS
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 FIGURE APPENDIX H:-2: SCATTER GRAPHS - EXHAUST -  POST-TUNE NOX  EMISSIONS
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 FIGURE APPENDIX H:-3:SCATTER GRAPHS - EXHAUST - POST-TUNE CO EMISSIONS

Non-Regulated Exhaust Emissions
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CO2 Pre-1986
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 FIGURE APPENDIX H:-4:SCATTER GRAPHS - EXHAUST - POST-TUNE CO2  EMISSIONS

Aldehydes
Formaldehyde Pre-1986
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 FIGURE APPENDIX H:-5:SCATTER GRAPHS - EXHAUST - POST-TUNE FORMALDEHYDE  EMISSIONS

Acetaldehyde Pre-1986
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 FIGURE APPENDIX H:-6:SCATTER GRAPHS - EXHAUST - POST-TUNE ACETALDEHYDE  EMISSIONS



APPENDIX H: LINEAR REGRESSION ANALYSIS 137
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 FIGURE APPENDIX H:-7:SCATTER GRAPHS - EXHAUST - POST-TUNE ACROLEIN  EMISSIONS

Toxics
1,3-Butadiene Pre-1986
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 FIGURE APPENDIX H:-8:SCATTER GRAPHS - EXHAUST - POST-TUNE 1,3-BUTADIENE  EMISSIONS
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 FIGURE APPENDIX H:-9:SCATTER GRAPHS - EXHAUST - POST-TUNE BENZENE  EMISSIONS
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Toluene Pre-1986
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 FIGURE APPENDIX H:-10:SCATTER GRAPHS - EXHAUST - POST-TUNE TOLUENE  EMISSIONS
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 FIGURE APPENDIX H:-11: SCATTER GRAPHS - EXHAUST - POST-TUNE XYLENE EMISSIONS
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Evaporative Emissions
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FIGURE APPENDIX H:-12: EVAPORATIVE EMISSIONS - DIURNAL PHASE - HOLDEN COMMODORE VR
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FIGURE APPENDIX H:-13: EVAPORATIVE EMISSIONS - DIURNAL PHASE - FORD LASER KF
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FIGURE APPENDIX H:-15: EVAPORATIVE EMISSIONS - DIURNAL PHASE - FORD FALCON XF
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Diurnal and Hot-Soak scatter graphs
The tests ignored are as follows:

♦ Diurnal Test Nos.  - LP - 21998/21997, 22006/22005, 21887/21886, 
21793/21792

ULP- 21863/21862, 21762/21761, 22014/22013,
21881/21880, 21854/21853, 21732/21726

♦ Hot Soak  Test Nos. - LP- 21887/21886, 21793/21792, 21783/21782, 
21909/21908

ULP- 21777/21776, 21863/21862, 21949/21948,
1889/2190, 21879/21878, 21919/21918
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APPENDIX I: CARBON LIFE-CYCLE

Certain naturally occurring gases in the atmosphere trap the sun's heat like the glass roof in a
greenhouse. This natural "greenhouse effect" helps keep the Earth's average temperature at a
comfortable 15°C.  Without these greenhouse gases, the Earth would be about  -18°C°, like deep
frozen food.

Since around 1800 and especially during the past few decades, human activities have increased the
atmospheric levels of several greenhouse gases.  To name a few:

♦ Carbon dioxide (CO2) has increased from about 280 ppmv (parts per million by
volume) in the year 1800 through 315 ppmv in 1958 to about 358 ppmv in 1994, an
increase of 27%  (IPCC 95, p 16, 78) (Keeling).

♦ Methane (CH4) has increased from roughly 0.8 ppmv in 1800 to more than 1.7 ppmv in
1992, an increase of more than 110%.

♦ Nitrous oxide (N2O) rose from a pre-industrial level of about 0.275 ppmv to about
0.310 ppmv in 1992, an increase of almost 13%. (IPCC 94, p 87-8, 91-2).

 

It has now become imperative that global emissions of greenhouse gases be reduced to avoid the
undesirable effects of global warming.

The introduction of biomass derived fuels reduces the net emission of CO2 when the full carbon cycle
is considered.

With a 10% v/v petrol/ethanol blend (E10) there is a 1-2% increase in CO2 in exhaust emissions as a
result of increased fuel consumption. However, when the whole life cycle of petrol and ethanol is
taken into account there is a nett reduction in the total CO2 emitted.  Estimates of the reduction vary
widely and depend on several factors including:

♦ biomass source;

♦ agricultural inputs including manufacture of fertiliser;

♦ raw material transport;

♦ chemical inputs;

♦ effluent treatment and disposal;

♦ distribution of ethanol fuel;

♦ plant amortisation; and,

♦ cogenerated electrical power.
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NRMA

The method adopted by NRMA for estimating life cycle CO2 emissions considers the energy inputs
and their sources. For neat petrol these include:

♦ heating value of 46.0 MJ/kg;

♦ CO2 produced on complete combustion  = 3.18 kg/kg

♦ energy of oil production and shipping of crude;

♦ refining; and,

♦ distribution of the final product.

The following is included in the case of ethanol:

♦ heating value of 26.8 MJ/kg ;

♦ no contribution of CO2 to the environment on combustion;

♦ energy input to sugarcane farming, mainly based on diesel fuel;

♦ ethanol yield per tonne of feedstock;

♦ assumption that energy from bagasse combustion is used in juice extraction, brew
preparation and fermentation;

♦ distillation energy requirements;

♦ levy for the disposal of dunder; and,

♦ distribution.

For the 1993 Energy Challenge event, NRMA estimated life-cycle CO2 emission of 1.12 kg CO2/kg
ethanol for ethanol sourced from sugarcane and 3.51kg CO2/kg neat petrol. On this estimate E10
blend would have a CO2 life-cycle emission of 3.29 kg CO2/kg E10, a reduction of approximately
6% compared to neat petrol.

Apace Research

The calculation used by Apace is based on the paper "Fuel Ethanol from Cellulosic Biomass" by
Lynd, L.R. et al published in Science, Volume 251, pp. 1318-1323, 15 March 1991.

An indication of the contribution of various ethanol fuel production scenarios to carbon dioxide
accumulation in the atmosphere is the net carbon dioxide produced per unit energy N. This
parameter may be estimated from:

fC
R

f
N ×=

where : f = fraction of energy inputs met by fossil fuels;
Cf = CO2 produced per unit energy for fossil energy inputs;
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and,
R = ratio of energy output to energy input for any ethanol 

production scenario

( )
PDCSTA

E
R

+++++
×+

=
31

where: E = cogenerated electrical power;
A = agricultural energy inputs;
T = raw material transport;
S = steam and electricity process energy;
C = chemical inputs in processing;
D = distribution of ethanol fuel; and
P = plant amortisation.

where all energy flows are expressed as fractions of the lower calorific value of ethanol;
and,

the multiplier of E reflects the displacement of thermal energy for conventional coal-
fired electrical power generation.

Cf  for diesel and petrol and calculated values of N for different ethanol production scenarios are
shown in Table Appendix I:-1.

TABLE APPENDIX I:-1: CO2 RELEASED PER UNIT ENERGY

Diesel and petrol 80mg/kJ LHV
Ethanol (Manildra) 36mg/kJ LHV
Ethanol (dedicated lignocellulosic crops) 16mg/kJ LHV
Ethanol (lignocellulosic residues) 6mg/kJ LHV

In the case of E10 this would result  in the mass emissions of CO2  shown in Table Appendix I:-2. A
2% increase in fuel consumption is assumed. Numbers in parentheses are the percentage reductions
compared to neat petrol.

TABLE APPENDIX I:-2: MASS EMISSIONS OF CO2.

Petrol 2.44kg/L
E10 based on Ethanol (Manildra) 2.27kg/L (-5.1%)
E10 based on Ethanol (dedicated lignocellulosic crops) 2.23kg/L (-6.8%)
E10 based on Ethanol (lignocellulosic residues) 2.21kg/L (-7.6%)
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Further reductions in net CO2 emission can be achieved by introduction of new technologies for the
production of fuel ethanol and replacement of all fossil fuel inputs into the ethanol production
process with renewables.

Others

Estimates of CO2 life cycle emissions vary widely. For example John Sheehan of NREL quotes net
CO2 reductions of 72% to 117% (but assumes that the range is from 73% to 93%) for bioethanol
compared to neat petrol. (1998 National Conference on Ethanol Policy and Marketing, Albuquerque,
New Mexico, Feb 26-27 1998).


