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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 ¢ capacity and one of 10 ¢ 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. Theresults of the fuel analysis are shown in Figure A-1.

BFalcon
B Laser

OMagna
OLexcen
B Pre-Test Unleaded!
OPre-Test Leaded

Petrol 10L Petrol 20L E10 10L E10 20L

FIGURE A-1: FVI ANALYSISOF 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 ¢ containers were kept at
EPA until required by NRMA for filling the test vehicle.

All 20 ¢ 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
asfollows:

Mechanical Service

The vehicle is serviced immediately prior to each test. Thefirst is afull service, except
that pre-existing engine tune is not atered, 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 ail;
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 fudl tank;

Charge tank with 10 litres E10 of test fudl, 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 wesather test, by
stabilising the engine's coolant temperature before cold temperature soak.

On arrival at the test dite, 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 ¢ 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
minusl°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), substantia ice formation occurred on all
parts of the vehicle. Thiswas 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
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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 neet 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 (FCAL).
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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, avehicle'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 cycleis carried out four times.

Figure A-3 shows the drivability cycle for the test vehicles. It should be noted that, due to
differencesin 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 atest 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 totaled for the four drivability cycles. The total then congtitutes the test result for a
particular fuel.
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Data Sheets

Depression|  gtarting time (sec) 2le
after FIE e Dep.
staring | isttime |2ndtime | 3rdtime S13|8|&|2| rom | KPa Remarks
Atterstart |[J ][]
At racing O OOoOo
After racing | (][] [  —( —
Atshiftto D | [ ][]
Cold Drivability Test Result
EIR ol o Knock
Cycle [km | Gear Frt#gt?]igg E#]%erd § 3 § 5 % é é Eg ;§ %352 g o EF?g' Qﬁl%el. Remarks
0 |1st2nd 1/2slowacc| 0-30 |(1O00000OO0 O O O O
| |3rd |Constant 0 (OO0 O I —
@nd) | wot 60 |[OO0O0O0 OO0 —
4 |08 Decel 60-40 |1 O O
|| Top |Constant 40 000 0O N ) E—
08 3/4 PT 4055 |O00O00OO0O OO0
Decel 55-0 |00 O O
1.0 |NorD |Idle-stop |30sec |[][] I — —
1st.2nd[ 12 slowacc| 0-30 |JOO0OO0O0O O O O O
| [3rd |Constant 3 (OO0 0O I
@nd) | wor 3060 |1O0000O0 OO0 —1
s |13 Decel 60-40 |1 O Od
| | Top |Constant 4 OO0 0O I
18 3/4 PT 455 |\OJO0O00O0O0O OO0
Decel 550 |00 O O
20 [NorD |Idie-stop |30sec |1 O
1st2nd| 1/2slowacc| 0-30 |00 000O0 O O O O
| [3rd |Constant 3 |O0O0O d 11
@nd | wot 60 |OO0O0O0 OO0 [—
3 |28 Decel 60-40 | O Od
| | Top |Constant 4 |O000 O I I
28 3/4 PT 40-55 |1O00O00O0O0O O0O0O
) Decel 55-0 |00 O a
3.0 |NorD |Idle-stop 30sec (O | |
tst2nd| 12 slowacc| 0-30 |O0O00O00O0 O O O O
| |srd | Constant 3 (OO0 O I —
@nd) |wor w60 |[DO0OO0OO OO0 —
4 |33 Decel 60-40 |11 O O
| | Top |Constant 4 OO0 0O I | —
a8 3/4 PT 455 |O000O0O00O OO0
Decel 550 |00 o O
40 |NorD |ldle-stop |[30sec |(JJ I —
0 |1stond 1/2slowacc| 0-30 |(JO0000O00 O O O
| |srd | Constant 3 (OO0 O I —
@nd | wot 060 |[OO0O0O0 OO0 —
5 |43 Decel 60-40 |11 O Od
|| Top |Constant 40 000 O I ) E—
48 3/4 PT 4055 |CJO00O00O0O0O0 OO0
Decel 550 |00 (|
50 |NorD |Idle-stop 30sec |10 [

FIGURE A-4: EXAMPLE DATA SHEET
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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 Ox1 | Ox2 | Ox5 | Ox9 Ox1 | Ox2 ]Ox5 |Ox9
Slow Response Ox1 JOx2 | Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
Stumble 3x1 | 2x2 | 2x5 | O0x9 | 17 Ox1 |5x2 ]J1x5 |0Ox9 |10
Surge Ox1 JOx2 | Ox5 ] Ox9 Ox1 JOx2 |Ox5 | Ox9
Back fire Ox1 JOx2 | Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
After fire Ox1 JOx2 | Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
Knock | Accel/Decel | 2x1 | Ox2 | 2x5 | 2x9 | 30 Ox1 JOx2 |Ox5 |Ox9 |10
Low Speed | O0x1 | Ox2 ]| Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
High Speed | Ox1 | Ox2 ]| Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
Startability (restart) Ox1 | Ox2 | Ox5 | Ox9 Ox1 |Ox2 ]Ox5 | Ox9
Stall Ox1 | Ox1 | Ox1 |Ox1 0x18 | Ox18 | Ox18 | 0x18
8 8 8 8
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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 Ox1 | Ox2 | Ox5 | Ox9 Ox1 | Ox2 ]JOx5 |Ox9
Slow Response Ox1 JOx2 | 3x5 JOx9 | 15 Ox1 JOx2 |Ox5 | Ox9
Stumble Ox1 | Ox2 | 3x5 | Ox9 | 15 Ox1 |Ox2 |1x5 |Ox9 |5
Surge Ox1 JOx2 | Ox5 ] Ox9 Ox1 JOx2 |Ox5 | Ox9
Back fire Ox1 JOx2 | Ox5 ] Ox9 Ox1 JOx2 |Ox5 | Ox9
After fire Ox1 JOx2 | Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
Knock | Accel/Decel | 3x1 | 3x2 | 3x5 | 3x9 | 51 3x1 [ 2x2 |3x5 |3x9 |49
Low Speed | O0x1 | Ox2 ]| Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
High Speed | Ox1 | Ox2 ]| Ox5 | Ox9 Ox1 JOx2 |Ox5 | Ox9
Startability (restart) Ox1 | Ox2 | Ox5 | Ox9 Ox1 | Ox2 ]Ox5 | Ox9
Stall Ox1 | Ox1 | Ox1 |Ox1 Ox18 | Ox18 | Ox18 | Oxis
8 8 8 8




APPENDIX A: COLD DRIVABILITY 14
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 Partly
cloudy 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 Ox1 | Ox2 JOx5 [Ox9 | O Ox1 JOx2 |Ox5 [O0x9 |O
Slow Response Ox1 |Ox2 | Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Stumble Ox1 [ Ox2 JOx5 |O0x9 | O Ox1 |Ox2 JOx5 |0Ox9 |O
Surge Ox1 |Ox2 | Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Back fire Ox1 JOx2 | Ox5 JOx9 | O Ox1 JOx2 |Ox5 |Ox9 |]O
After fire Ox1 JOx2 | Ox5 JOx9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Knock | Accel/Decel | Ox1 | Ox2 | Ox5 | 0x9 | O Ox1 |Ox2 JOx5 | Ox9 |O
Low Speed | Ox1 | Ox2 | Ox5 JOx9 | O Ox1 |Ox2 JOx5 |Ox9 |O
High Speed | Ox1 | Ox2 | Ox5 JOx9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Startability (restart) Ox1 [ Ox2 JOx5 |O0x9 | O Ox1 |Ox2 JOx5 |0Ox9 |O
Stall Ox1 |Ox1 |Ox1 |Ox1 |O Ox18 | Ox18 | Ox18 | Ox18 | O
8 8 8 8
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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 Ox1 |O0x2 JOx5 |0x9 | O Ox1 |Ox2 JOx5 JOx9 |O
Slow Response Ox1 | Ox2 | Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Stumble Ox1 |Ox2 |Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Surge Ox1 | Ox2 | Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Back fire Ox1 JOx2 | Ox5 JOx9 | O Ox1 JOx2 |Ox5 |Ox9 |]O
After fire Ox1 JOx2 | Ox5 JOx9 | O Ox1 JOx2 |Ox5 |Ox9 |]O
Knock | Accel/Decel | Ox1 | Ox2 | Ox5 | 0x9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Low Speed |Ox1 |Ox2 | Ox5 |Ox9 ] O Ox1 JOx2 |Ox5 |Ox9 |]O
High Speed | Ox1 | Ox2 | Ox5 JOx9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Startability (restart) Ox1 |Ox2 |Ox5 |Ox9 | O Ox1 |Ox2 JOx5 |Ox9 |O
Stall Ox1 |Ox1 |Ox1 |Ox1 |O Ox18 | Ox18 | Ox18 | Ox18 | O
8 8 8 8
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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
evauation. "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.

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

The basic grades for judgement arein

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 fregly pointed
out.




17

APPENDIX B: HOT DRIVABILITY

"0 uonubi pue Buipuels Jes eyl yum painsesw

8q p|noys aw BuliNdoo uo-uni 1s8) a10joq dn-wuem Jaye isnp |0 paulny si Asy uomub Jaye una 0} senunuod suibug uo-uny
"PoISa) 9q pINoys adij-1dye jo awn Bunse| pue Alsusiy|
"}S81 1e 9|2IYdA 8y}
punos yum(suonnjonal suibus swes sy} yum) Buiuuni suibue papeojun
aI-uoisoldxg | Aq Jo suonnjoAsl sulbus "xew Yum s|qeundo paads syl Jo 0408 1e
aq p|noys poaads sjo1ysA (g abuel ui Jo) 1esb pig 1o pug J8yue ul
asiou WbIS | uonels|oep peso|d Ajg1e|dwod 0) uonels|doe | OM wol sbueyn walsAs 1sneyxs Je ising all-18uy
"PoISS) 8q OS|B PINOYS UONEIS|S2E | OM Yoouy| [BSIUBYISIN yoouy [els|N
1 (g ebuel 10) 1eab Y1y ul Bunelsjedok ISIUM pue UoEIS|800E Yoouy sey) Buiuing
Bunuels usppns Ajybis ye punos bupoouy Jo uoReInp pue Aususiu| auiBus woly punos Bupoouy Noouy|
‘uondd.Ip
asmyibua) ‘Bunels|sosp pue Bupes|gooe yiog
ETRIVEY ‘(ebins uonelejgoep) Bupelq suibue ye pue (abins Bunels|gooe) 1S|Iym pue Buisinio Je suonoalIip HY pue Y4 9|91ysA
ul UCEBIGIA Bunels|eooe | 4 1e ‘(ebuins tenbal) Buisinio Je paisel 8q pjnoys ul (ss9] 10 ZHO L) uonelgiA djIydsALduUBNbal) Mo abing
‘Buneus|sooe Jsye
ssuodsay puodss | uiyum uieBbe pue uoneIs|8d0k JSpuUn palss) 8q pinoys ‘uoneJa|eo9e Jepun Jamod Jo Asusionsul ounsiq s|qunms
‘Bunels|9ooe Joye puodss | Ulyim paissl g pinoys (esuodsal
‘ARemiapun a|lym ‘pajesado si MO|S)
ssuodsay |uonela|adsp ¥ UONEBIS|9OOE J8pun puk ‘Builels Je palsal aq pinoys | [epad Jojele|9aoe sy} uaym asuodsal ajo1ysA ul AejaQg uoneNsaH
"LOM
Je Jeyl yum paredwod usym paureiqo si 1 d e Bujuado
9|104U) 01 SHNS yoiym Buljesy uoness|9ooe syl J8YIaym
Buyesy ‘Aem Jspun is|iym ‘adA} 9191yen oy} 0} eyendoidde aouewopad

UOIBIB|BI0Y

puE 1s81 WO Y10g‘peiss) aq pinoys Jeseb yoes ul uoness|sdoy

SILOM 1€ UONEIS[00. 188UBIY Sy} JOUIoUM

UONBIS|B00Y

‘Buiuuni

Jaye uiebe pue suibus Jo uelS oy} Jaje isnl ‘suonisod aALp pue
[enau Ylog Ul SO|2IYSA UoISsiwsuel) onewolny ‘uomisod jennsu

ul xogJeab syl yum palsa) 8g pINoYs $o|21USA UOISSIWISURI) [BNUBA|

"0)8 ‘S)eas pue JoAS| YIS uoIssiwsuel) ‘|eaym Buliesls
0] paniwsul} 8SI0U pUE UORBIJIA Jo 981Bap ay) pue
uonpuod Bulpl suibus jo sssuyjoows Jo saibep syl

Angels Buypg

PIOM p33e|sy

uoneue|dxg Arejuswa|ddng pue poylsy Bunsa]

piopn Buissaidx3g 10 uouswouayd jo uonduosag

wa)j1s9)

UONESIISSe[) ANNGeAlIa




APPENDIX B: HOT DRIVABILITY 18

FIGURE APPENDIX B:-1: DRIVABILITY CLASSFICATION { 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/
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
~ TUT*, T2/T* £1.5
~ Speed down is unacceptable

~ Surge-  Driver rating: - Margina level = 3if surgeisfelt through
driver's seat

- Unacceptable =25
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Sample Test Sheets

Hot Drivability Test Result

) Condition HE
T G slz| 2|8 g 3 Dep.
estitem ear Spesdkm/hr 3 ﬁ % ‘% ‘_%’ HE RS kF?g Remarks
Hot idle Nor D ldling stop lA/COﬁ— -
A/C On (]
D (AT Creep running I:l I:I |—| |—|
2nd 2 I:I I:I
30 [ | I Y
Constant grd - I:I I:I
2nd 60 | O
80 [
Top 100 O [ I
D 120 (] [
Surge max | ( |« ) I I
20const____ = _—~4
" " O OO oo
O OO oOogd
(EFD-» | cur 200 —————Retum 100 | ] {0 O i
Tipein 40 const 1 O OO OO
3rd 60 — 40 -4
1/8-1/4 PT EFD — % - oo oo
-»|Cut 200 Return 100 O oo OO
Slow 60 const—— 4 (| O™ (Y|
acceleration Top = eol\W/‘ I:l I:l l:l l:l I:I
—— O_0o_oo
Testi G Condition 2| @ e|le Knock D Accel
titem r ression EHEERREREER . :
est ite ea SS::(, rion_ speedkm/nr | 8 2 0;3 EHE &gg‘ 3|28 3| rpm k§§ tir%%e Remarks
14 60 OO0O00000 O O O
Slow 2/4 I:I I:I l:l l:l EI
WOT & PT Zl?)d |4 20 const ® oogg (]
Rapid | 4/4 OOO0O0O000 O Od
menie o iz » |[DO0O00000 00O
,o\és'm‘x @nd) 0w | 2/4 W (OO0 O
Funl olose D il 30 const ooog O
ol Rapid | 4 ooooooo O o —
Slow | a4 60 conet A (OO0O00O00O0O0O O O Od
ﬁlpo;‘:,:;:»x. Rapid | 2/4 o0 |(OOOOOOO O O
e s w |00O0O00O00 00O 3
o o Top  [slow |24 OoOodond O
full open 5 : 1/4 50 const s | O0> (|
:;;:l,d 2/4 = - 100 OOoOOoOodo o o
44 consf 0o ([OOOOO0OO0O0O O O I E—
Constant ard 06 a oooo I E—
Vacuum (2nd) 0.3 OoOodond
0.15 50 const I:I I:I l:l l:l

FIGURE APPENDIX B:-2: HD AND HFH TEST RECORDING SHEET 1
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Hot Drivability Test Result

Condii e
Test item Gear ondition AC | | ¥ =\
Speedkm/hr 8 53 E] 3 Remarks
o
o 1B O
1st
O O
Acceleration OFF
and on |OOOOO
Deceleration
2nd
1/4 - 2/4 PT OFF DDDDD
Rapid
lerati
acceleration oN D D D D D
Engine brake
3rd
orr |(OOOOO
Condition o o|E
i o < | £| & | Run-on
Test item Gear < gl =85
Speedkm/hr gl 2 %’ 2z § lime Remarks
<
Secondary shock | 3rdD(2nd) | 50 cons ——— 120 OO
Deceleration TopD e — & I:‘ D D D
3rdD(2nd) 100cons —————n 30 D I:l I:‘ I:‘
2nd Cut200”  ————Retum100 |[[] [
Run-on NorD Top 80km/hr x 4km O 1
) Condition glo o [ 2| Knock [£ | Restarting time (sec)
Test item Gear P—— HHEEBHNEE =3 % om ESE
peedkm/ir 8 3 % % & 8|5 <4 < oL 1slﬁme|2ndnme|3rdtime
theslan NorD Connect clutch after 15 minutes | ][] I 1 1 T 1T |
- 4
Sugomax 2200 0 O O [ —
Enginel_oearspeed |( ) ( ) O 0 [ —
‘;ﬁak WOT&PT | 3dD | 44 ] 80 OOoOO0O0OoO0OooOaa I | —
Slow: 2/4
aRppr_g)_( 1-2s ?ngd) SIOW# OOoOo0dd O
ASS}OQ 0.5s D - 40 cons 7o (O0OOOO
i Rapid | 4/4 O0O000oodon

Operatability of accelerator linkage

(1) Depressing force

(2) Stroke

(3) Good returning

(4) Pedal angle

(5) Ease of use

FIGURE APPENDIX B:-3: HD AND HFH RECORDING SHEET 2
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Test Data - Broken Hill
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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 dight 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 fud formulations. In this study, fuel economy was measured from a group of
Milwaukee area vehicles representing various mode 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 Qudity 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 (equivaent 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?" 1A. 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 Sudy" Memo from Frank Gerry BP Qil
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 isthat 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 closdly with the theoretical prediction for fuel energy
loss. Thus, athough 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 dight 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

@& TOYOTA

TOYOTA MOTOR CORPORATION AUSTRALIA LIMITED A.C.N. 004 384 338
Our Ref: RC512-AU297-MSM

Mr. Ernie Lom

Chief Engineer

Apace Researth

21 Ventura Rd
NORTHMEAD, NSW 2152

RE: FCAI advice on Material Compatibility & Driveability for E1o vehicles.

This advice concerns appropriate evaluation points to be applied to vehicles in the Ethanol
field trials programme being conducted by Apace Research.

The following represents a practical synthesis of manufacturer experience, from both overseas and
available local sources and is of necessity simplified to make resuits comparable across each
vehicle make/model. Both Material Compatibility and Hot/Cold Driveability are covered.

1) Material Compatibility

While overseas experience with up to 30% Ethanol blends (principally the U.S.) has led to
specification revisions by all manufacturers in materials and engine calibrations to provide
acceptable operation on (at least) E1o blends, the Australian market vehicle, especially going back
more that 10 years, could not be assumed to be compatible.

Basic engine design compatibility in such areas as inlet valve deposits and deposits on fuel

delivery systems can be assessed on the Long term durability fleet vehicles. However, the
following steps & judgements can be applied to the customer base fleet vehicles;

Corrosion in Steel fuel tanks and fuel tubes

- Tanks are manufactured from Terne coated steel sheet. Local coatings can have
microporosity, (where protection is missing at a pin prick site) and the coating is also
burned away where spot welding occurs (eg. for baffles) and may be a corrosion site in the
presence of water in the fuel. Bogas' advice that a corrosion inhibitor (DCI 11) is added to
all E10 may make corrosion unlikely. Therefore a visual inspection (of an empty tank)
should be performed on a sampling basis only, until either a problem (ie. visible red rust) or
‘no problem’ is established.
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- Fuel tubes are generally Terne coated on the outside and often uncoated inside, although
Nickel coating is becoming common. However, on early tubes (up to the late 80’s in some
models) the fuel tube was Copper coated inside. Copper catalysation of the fuel was a
known problem, in conjunction with high aromatic levels, to form ‘sour fuel'. As this coating
is only approx 4um thick when new, it is unlikely any will remain on vehicles in the survey.

As for fuel tanks, the inspection could be concentrated on vehicles with the older copper
coated inner surface and also confirm no problems on newer vehicles. Again the corrosion
inhibitor should provide boosted protection.

Elastomers

- General opinion is that elastomers (rubbers etc) will swell in the presence of ethanol. A
laboratory test is not appropriate for the purposes of this programme and so the following
should be used.

- Measure |.D. of fuel hose (both delivery and return to tank). Cut across hose at centre
and measure the 1.D. using a vernier calliper or similar. A reduction below the nominal
diam. indicates swelling of hose.

- Hardness of hose, diaphragm, gasket;
Using a 'SHORE A’ hardness tester, compare a new part to exposed part, A 10 point
or greater decrease in hardness indicates swelling of the elastomer.

- Burst pressure of hoses;
This may not be achievable in the workshop as it requires a Water pressure test at
1.2 MPa (175 psi). Clamp one end of a hose & pressurise the other end. An
unexposed hose shouid hold 1.2 MPa. A swollen hose will have a reduced burst
resistance.

- Fuel cap vent valve;
The valve should be inspected for abnormal appearance and functionally checked
for open/close operation. Note that some caps are vacuum opening only (ie. allow
outside air in to tank under vacuum). Others can incorporate an excess pressure
relief valve feature (such as required if an evap pipe is accidentally blocked) and will
open under pressure (usually less than 1 bar but above the pressure required to open
the evap valve at the charcoal canister.

Corrosion of aluminium, zinc alloy and other non-ferrous metals

- Documentation on corrosion of zinc alloy (Mazak used in fuel system as fuel pump and
carburettor bodies) and non-ferrous metals (except Aluminium) is not available. If corrosion
of these components can be ignored due to lack of evidence, Aluminium corrosion is the
only non-ferrous item to be considered.

- It has been common practice to ‘flash Nickel coat’ the inside of cast Aluminium fuel rails for
U.S. market vehicles (mandatory E1o compatibility) to provide protection from water in the
fuel. The inclusion of DCI 11 inhibitor in Bogas E10 may adequately cover this concern.
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- Some locally built vehicles use a brazed steel fuel rail with zinc plated & chromate
passivated coating. These may show signs of corrosion after extended life exposure.

Industry recommendation is to:

» Confirm condition of float chambers on some carburettor vehicles using zinc alloy bodies.
« Confirm inside of injector rail of cast Aluminium and brazed steel types. Aim for samples

¢

{

of both ‘Nickel coated’ and ‘as-cast’ to compare performance.

2) Hot/Cold Driveability

It is anticipated that differences in physical properties of Ethanol compared with petrol, such

as oxygen content and vapour pressure, may effect driveability parameters due to their effects on
AJF ratio (lean-off) and fuel vaporisation. In addition it has been suggested that the high latent heat

of vaporisation of Ethanol may contribute to some quenching of inlet manifold porting with
subsequent effect on mixture atomisation.

To address evaluation of these expected effects, a number of characteristics of driveability will

be targeted in the attached test cycle, composed of elements from local manufacturer’s

procedures.

Test condition

Driveability Characteristic

E10 cause

A) Hot weather (Bourke)

Idling/Throttle response

Warm-up driveability

Acceleration

Hot fuel handling (vapour lock resistance)
Steady state surge

Lean-off of A/F

Vapour pressure
Inlet quenching &/or A/F ratio
lean-off

B) Cold weather (Cooma)

Cold starting
Cold transient driveability

Carburettor Icing
Lean-off of A/F

| trust the information provided here is sufficient to permit evaluation of field performance of
E10 blends and will be happy to discuss any queries arising from same.

Yours sincerely,

y >,

ark S. N
For FCAI fuels committee

CC: K. Marsh - MMAL
R. Scholar - FCAI
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GUD Correspondence

GUD

June 11, 1997

Dear Daniel,

Mr. Daniel Negus
Apace Research Ltd
PO Box 141
Baulkham Hills
NSW 2153

MANUFACTURING
COMPANY PTY LTD

With reference to your letter dated 20™ May 1997 concerning fuel filters and ethanol
resistance within filter components, please find details of GUD fuel filters listed below.

Chemical Resistance Testing of GUD Manufacturing Co Plastic Petrol Filter
Material : Du Pont Zytel 103 HS-L

Chemical Concentration Exposure Conditions Dimensional Change
%
Temp °C | Time (days) | Weight (%) | Length (%)
Acetone 100 23 365 <1 0
50 365 1-4 +0.3
Benzene 100 23 90 0 0
Ethanol 95 23 365 4-9 +2.4
95 50 365 4-9 +2.8
Methanol 100 23 365 4-9 +3.0
Mineral Oil 100 23 62 +0.5 +0.2
Unleaded 100 23 62 +0.8 +0.2
Petrol

Kind Regards,

National Marketing & Sales Manager

Conclusion : All tests conducted showed exceilent chemical exposure resistance.

I hope this information is of assistance to you. If you require any further information, please
do not hesitate to contact our Engineering Manager, Mr. David Daff.

Docupa8Xunshine Road, Sunshine, Victoria, 3020, Australia P.O. Box 62, Sunshine, Victoria, 3020, Australia
Telenhons A1 39243 3333 Facsimile A1 3 9243 3344 ACN 004 237 72
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E100 Compatible Materials

TABLE APPENDIX D:-1: E10 TOLERANT METALS

Usesin Vehicles- Metals

Alloy

Typical Use

Aluminium aloy

Carburettor, fuel pump casing

Aluminium alloy (cast)

Carburettor, accelerator pump casing, fuel tank fill pipe intake
manifolds

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

Copper Brass & Bronze

Zinc Brass, air cleaner, carburettor

Carbon sted Fuel line, fuel pump fittings and casing, fud filter, fud 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 aloy (cast) Carburettor body, plate on steel, carburettor diaphragm

Terne plate Fuel tank, fuel ling, 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

Usesin 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

Neopreneo (Chloroprene)

Fuel cap vent to carburettor tube cover, fuel hose cover

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

-Homopolymer

-Coploymer

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
Nitrophylo (Nitrile | Floats, accelerator pump cups
rubber)

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 acohols, ethers, and higher concentrations of aromatics.




APPENDIX D: MATERIAL COMPATIBILITY

46

Catalytic Converter

&

Macquarie Research Ltd
ACN 003 849 198

Initial Report on

The Testing of a Catalytic Converter
from a Vehicle which has
Operated on Petrohol

Professor Noel W. Cant
School of Chemistry
Macquarie University

July 1997

M
MACQUARIE

UNIVERSITY « BYOnEY

=

COMMERCIAL-IN-CONFIDENCE
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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. Thesurface 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
chemica 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 overhesating. 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 (C3Hg) - representative of easy to oxidise hydrocarbons in unburnt fuel
propane (C3Hg) - 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 isinert 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 T¢,CO), the corresponding temperature for propene (Tg,C5Hg)

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
termsisshownin Table 1.

TABLE 1 Performance of Samples from APACE Petrohol Converter
Vehicle and Converter Location # T5,CO T5,C3Hg Mean conv.
Details °C °C NO, %

Our test code MU97080 1 265 280 13
APACE 1991 Falcon EB

200,000 - 250,000 km 2 284 295 6
converter codes 4 288 318 13
91DASE211BA

AFMO2 7 307 335 11

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 T5,CO values

for the four APACE samples al 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 T5,C;H,. All are above the limit with #1 worse than
55% and #7 worse than 75% of the reference set. Their performance is worse till in terms
of the mean conversion of NO. None of the samples can achieve a mean conversion better
than 13% and al perform worse than 95% of the samplesin our set of 45.

The limits shown in Figs 6 to 8 should not be regarded as absol ute 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.

TABLE 2 Performance of Samples from Two Comparison Converters

Vehicle and Converter Location # T5,CO T,C3Hg Mean conv.
Details °C °C NO, %

Our test code: MU94033 1 269 333 17
1990 Falcon EA
104,065 km 2 253 275 22
converter codes 4 258 : 283 30
90DA58211AA
AFA25 7 253 279 21
Our test code: MU96073 1 287 - 318 41
1992 Falcon EB
283,234 km 2 - - -
converter codes 4 274 309 52

DAS5SE211BB
23:3?2 7 253 274 57

It is apparent that the APACE samples perform, on average, slightly worse than the ones in
Table 2 in terms of T5nCO and TggC3Hg. 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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Table 3 Results for ADR37 Test on Vehicle With Designation MU94033

CO (g/km) HC (g/km) NO (g/km)
ADR standard 9.30 0.93 1.93
Test result old converter 10.8 1.2 2.2
Test result new converter 6.1 0.3 0.4

The vehicle failed marginaly 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
Catayst honeycombs lose activity through the following causes

0] Deposition of large amounts of contaminants which. reduce access by the pollutant
gases

(i)  Overheating which collapses the oxide structure which supports the active metals

(i)  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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TABLE 4 Surface Areas of Samples From APACE and Comparison Converters

Surface area’ifrhl square metres (m?%g)
Location # APACE converter MU94033 MU96073
1 104 2.5 1.8
2 11.9 104 -
4 13.9 14.3 6.5
7 14.9 16.4 10.8

R — AL

The surface area of samples from unused convertersis usualy in the range 25 to 30 m#/g. It
falsto 18 to 20m?/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 athough 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 ataxi 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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0] The performance at the rear of the converter isworse than at the front which is the
reverse of the normal pattern

(i) The surface areas are relatively uniform throughout rather than showing a sharply
lower areaat thefront asis usual.

(i)  The deterioration in performance for NO removal is considerably greater than for
CO and C;H,.

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 paladium as a maor 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 asted 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 aternative
one that occurs to us is that that the active metalsin this particular converter are distributed
unevenly with much less at the rear than the front. Analyses on other convertersin 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 aso to determine the
amount of active metal at each sample location and whether palladium is present.

2. XRD measurements to seeif 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).

Noda W. Cant

Dennys E. Angove

21 July
1997
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Component Inspection Reports

NEVILLE WEBBER wmiaME MsAEA

33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 < Mobile: 015783575

AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER

18th December, 1996

The Manager,

Apace Research,

21 Ventura Road,
NORTHMEAD NSW 2152

Dear Sir,

Further to the report carried out on the Ford Falcon
NTL 353 fuel filters, fuel lines and in some cases
EGR valves and filler caps were removed from the
vehicles as detailed hereunder for analysis.

All fuel filters were dissected to inspect the bonding
and condition of the paper elements being subjected to
the ethanol blend.

In all instances, the filters, fuel lines, filler caps
and EGR units were in serviceable condition.

VEHICLE YEAR REG,NO. SPEEDO READING
Holden Commodore 1987 OTA 929 150,884 Klms.
Toyota Corona 1980 KTO 598 258,320 "
Ford Falcon EA 1988 PHF 441 244,562 "
Ford Falcon 1992 RG 235 248,012 "
Holden Camira 1985 NQS 898 229,957 "
Ford Falcon 1993 DJ 9970 49,057 "
Ford Falcon 1990 CP 268 87,995
Toyota Camry 1987 ABB 944 109,242 "
Mitsubishi Magna 1992 SYN 511 83,098 "
Ford Laser 1983 ABL 858 248,012 T

Yours faithfully,

NEVIL/E/Z///W%; //g/(
-

BBERS M M.S.A.E.A.

Vehicle & Component Inspections * Independent Reporting * Specialising in Trade & Legal Requirements
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NEVILLE WEBBER wmiameE MmsaEa

AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER
/ 33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 < Mobile: 015783575

70th June, 7997

The Managen,

Apace Reseanch,

27 Ventura Road,
NORTHAEAD NSl 2752

Dear Sin,

Subsequent to the rnepori on the Toyota Lexen 7TV 775
a Lurther analysis was carnied out on the Luel
deliveny and ancilliary components of the Lollowing
vehicles.

In most instances, the fLillerns, Luel Lines, ospark
plugs, Lilfen caps, EGR uniits and seals wene
sull jected to dissection whene possille.

In all instances there was no apparent detenionation
of the fillen papen, seals, etec., as Litted %o the

<intank pumps, gaskets,

In one instance only had the EGR valve been Llocked
off through apparent wean and teax. That vehicle
being the Toyota Conrona 1984, Q767TABJ ait 775,000

kilometens.

VERHICLE YEAR REG.NO. SPEEDO.
7oyola Corolila 7984 77 287 728,000 KLAS
(Operational period on Ethanol Llulid - 6 moniths)
Mitsubishi Magna 7989 OYK 579 57,000 ”
Holden Commodone 7986 GG 887 N/ a

Holden Commodone 7988 ADW 84K 154,000 ”
Toyota Corona 7984 Q767ARJZ 775,000 7
Mitsubishi Sigma 7985 NAHP 679 770,000 ”
Mitsubishi Magna 7995 T7TF 843 45,000 ”
Mitsubishi Magna 7992 SFP 585 N a
Mitsnbishi Magna 7992 SAX 267 120,000 ”
Ford Falcon N/ a N a N a

Youns la&th{u[ly,

-

///
/ e / v
/val/zfla wfz)ﬁf?'é/g/g AT A e, A.S A E.A.

Vehicle & Component Ins\egshons * Independent Reporting * Specialising in Trade & Legal Requirements
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NEIL GILLIES & ASSOCIATES PTY LIMITED

A.C.N. 052 531 021

7 March Place Tel (61 2) 9558 4430
Eariwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

oW R W

REPORT ON ENGINE COMPONENTS
IN ETHANOL TRIALS

L

for
APACE RESEARCH LIMITED
20 MARCH 1997

NGA20C97-ETHANOL-Page 1 of 4

INTRODUCTION

This report is a summary of relatively basic inspection of a numnber
of components reportedly from some engines that had travelled some
distance using a mix of 10 percent ethanol with petrol, after a request
from Apace Research Limited. The components were seen at the NRMA
service depot at Villawocod on 19 February 13857.

The previous operating and servicing details of the vehicle were not
known, so that the conclusions are only relevant for significant use with
the petrol and ethanol mix.
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NEIL GILLIES & ASSOCIATES PTY LIMITED

NGA20C97-ETHANOL-Page 2

The following components, marked as being from the vehicles with the
noted identification and type, were inspected visually, to see if there

had been some deterioration from their expected condition.

Vehicle: Holden Commodore VL 1987 OTA929 150884 kn
Chassis: AVL049121M Engine: 17411A

Air filter - Ryc¢o A326A No unusual condition noted.

Petrol filter - Ryco 2200 No unusual condition noted.

Two fuel hoses No unusual condition noted.

Fuel cap - Ford - Unleaded No unusual condition noted.

Spark plugs - Champion RN13LYC No unusual condition noted.

Vehicle: Toyota Corona 1980 KT0598 258320 km
Chassis: XT130-E-011486 Engine: UN20771

Air filter No unusual condition noted.

Petrol filter - Ryco Plastic 90 deg No unusual condition noted.

Two fuel hoses Hardened somewhat

Vacuum hose ~ Normal at booster end, heat affected at engine end

Carburettor float chamber gasket No unusual condition noted.

Seal for carburettor fuel pump No unusual condition noted.

Vehicle: Ford Falcon 1992

Petrol filter - Ryc¢o GUD metal can - c¢ut open - bonding and paper
filter No unusual condition noted.

Fuel hese - Red rubber No unusual condition noted.

Air filter - Rectangular No unusual condition noted.

Vehicle: Holden Camira JD 1985 NQS898 229957 km
Chassis: AJDO20721M Engine: 18JUX25018601

Fuel hose No unusual condition noted.

Air filter - Rectangular No unusual condition noted.

Petrol filter - Holden 9541 metal can - cut open - No unusual

condition noted.
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NEIL GILLIES & ASSOCIATES PTY LIMITED

NGA20C97-ETHANOL-Page 3

Vehicle: Toyota Camry Ultima 1987 ABB944 109242 km

Fuel filler cap No unusual condition noted.

Spark plugs - ND Q16R-U No unusual condition noted.

Rubber hose No unusual condition noted.

Vehicle: Ford Falcon ED 1993 DJ9970 49057 km
Chassis: 6FPAAATGSWPDS56445 Engine: 865183

Air filter - Rectangular Rydo A491 No unusual condition noted.

Fuel filler cap - Unleaded No unusual c¢ondition noted.

Fuel hose - black No unusual condition noted.

Spark plugs - NGK BPR5FS15 No unusual condition noted.

Vehicle: Mitsubishi Magna TR 1992 SYNS511 83098 km
Chassis: 6MMTR4D41NT(036254 BEngine: W531B29245

Air filter - Square Ryco A489 Neo unusual condition noted.

Head cover gasket - rubber Quite hard.

Fuel filler cap - Unleaded CPC Ne unusual condition noted.

Spark plugs - NGK BP6ES No unusual condition noted.

Fuel filter - metal ¢an - cut open No unusual condition noted.

Vehicle: Holden Camira 1985 NQB8958

Fuel pressure regulator
Fabric covered hose

Spark plugs - NGK BPSES

Pump seal - 5 hole rubber
Fuel filler cap - locking GM

Diaphragm reasonably flexible.
No unusual condition noted.

No unusual condition noted.
Slight expansion noted.

No unusual condition noted.
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NEIL GILLIES & ASSOCIATES PTY LIMITED

CONCLUSIONS

The following

vehicles using the

a) The condition
expected from

petrol.

b) It was not possible to determine if the condition of the components
from the vehicles from use with ethanol was any different from that

expected with

distance run of the items was not available.

NEIL GILLIES

BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA

NGA20C97-ETHANOL-Page 4

conclusions are thus given for the components of the

petrol and ethanol mix:-

of the components seen was not worse than than that

several years of use under normal conditions with

normal use, because details of the actual time and
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NEIL GILLIES & ASSOCIATES PTY LIMITED

ACN.052531021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

w ok W de oW

REPORT ON ENGINE COMPONENTS
IN ETHANOL TRIALS

ok ok K %

for
APACE RESEARCH LIMITED
6 JUNE 1997

NGAO6F97-ETHANOL-Page 1 of 5

INTRODUCTION

This report is a summary of relatively basic inspection of a number
of components reportedly from some engines that had travelled some
distance using a mix of 10 percent ethanol with petrol, after a request
from Apace Research Limited. The components were seen at the NRMA
service depot at Villawood on 5 June 1997.

The previous operating and servicing details of the vehicle were not
known, so that the conclusions are only relevant for significant use with
the petrol and ethanol mix.
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The following components, marked as being from the vehicles with the
noted identification and type, were inspected visually, to see if there

had been some deterioration from their expected condition.

Vehicle: Toyota Corolla 1984 TT281

Air filter Moderate amount of dirt

No other unusual condition noted
Petrol filter - Ryco Z91 Plastic 90 deg

No unusual condition noted

Fuel hose No unusual c¢ondition noted
Fuel cap Steel screws somewhat rusty
Vehicle: Holden Commodore VH 1982 ARCS4h6

Air filter - Round Blue Rubber - Ryco A24

Large amount of dirt

No unusual condition noted
Spark plugs - Champion S9YC6 No unusual condition noted

Vehicle: Holden Commodore 1986 GG881

Fuel filler cap - Unleaded CPC/GM plastic

Rubber seal moderately hard
Spark plugs - Champion RCS9YC4

No unusual condition noted

Vehicle: Mitsubishi Sigma GK 1985 NHP619

Air filter - Round Green Rubber

Moderate amount of dirt

No unusual condition noted
Spark plugs - ND W20BP-U Marking as if slightly lean/hot
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Vehicle: Mitsubishi Magna 1989 0YK577

Fuel filler cap - Unleaded CPC/Tristar plastic

Rubber seal slightly soft
Fuel Hose No unusual condition noted
Rubber head cover sealing ring

No unusual condition noted
spark plugs - ND W20EP~U Marking as if slightly lean/hot

Vehicle: Toyota Corona 761ABJ

Air filter - Round Metal Ends - Ryco A242Y
Moderate amount of dirt present
No unusual condition noted
Petrol filter - Plastic Straight
No unusual condition noted
Fuel hose No unusual condition noted
EGR Valve Assy - Largely blocked
Valve jammed but diaphragm still flexible
Rubber head cover sealing ring
No unusual condition noted
Spark plugs - NGK BPSEY Marking as if slightly lean/hot

Vehicle: Mitsubishi Magna 1995 TTF843

Air filter - plastic support frame - Square Yellow paper filter
Moderate amount of dirt present
No unusual condition noted
Fuel filler cap ~ Unleaded CPC/Tristar plastic
Rubber seal moderately hard
Fuel filter - metal can - cut open - Quite full - still wet
No unusual condition noted
Spark plugs - Champion N9YC Marking as if slightly lean/hot

Vehicle: Mitsubishi Magna 1992 SFP58S
Air filter - plastic support frame - Sqguare yellow paper filter
- Ryco A48S Minimal amount of dirt
No unusual condition noted
Fuel filter - metal can - ¢ut open - Moderate amount of dirt present

No unusual condition noted
Spark plugs -~ NGK BPGES No unusual condition noted
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Vehicle: Mitsubishi Magna 1992 SMX261

Fuel filler cap - Unleaded CPC/Tristar plastic

Rubber seal moderately hard
Fuel Hose with metal end fittings

Slightly soft
Spark plugs -~ ND W16EP-U No unusual condition noted

Vehicle: Ford Falcon

Petrol filter - Metal can - cut open
Moderate amount of dirt present
No unusual condition noted
Spark plugs - Champion RN13LYC
Marking as if slightly lean/hot

Vehicle: Holden Commodore 1988 ADW84K

Air filter - Rectangular EFI filter type
Medium amount of dirt present
No unusual condition note
Fuel filler cap ~ Unleaded CPC/GM plastie
Rubber seal moderately hard
Fuel Hose No unusual condition noted.
Tank electrical fuel pump rubber surround
Some hardening and shrinking but possibly
partly after removal

Tank access cork gaskey Some shrinking but possibly partly after
and drying
Tank pickup strainer Normal hardening

Fuel filter - metal can GUD NZ - cut open

Moderate amount of dirt

No unusual condition noted
Spark plugs - Champion RS12YCé

Marking as if slightly rich
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CONCLUSIONS

The following

vehicles using the

a) The condition
expected from

petrol.

NGAQGFS7-ETHANOL~-Page 5

conclusions are thus given for the components of the

petrol and ethanol mix:-

of the components seen was not worse than than that

several yvears of use under normal conditions with

b) It was not possihble to determine if the condition of the components

from the vehicles from use with ethanol was any different from that

expected with

normal use, because details of the actual time and

distance run of the items was not available.

NETL GILLIES

BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA
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NEIL GILLIES & ASSOCIATES PTY LIMITED

ACN. 052 531 021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

WOW W W W

SUMMARY OF
REPORTS ON ENGINE AND COMPONENTS
IN ETHANOL TRIALS

w® R R R W

for
APACE RESEARCH LIMITED
7 JUNE 1887

NGAO7F97-ETHANOL-Page 1 of 2
INTRODUCTION

This report is a summary of assessments of some engines that
reportedly were from vehicles that had travelled some distance to
various extents using a mix of 10 percent ethanol with petrol, and
gsimilarly some components from some other various wvehicles, after a
request from Apace Research Limited.

The vehicles were seen at the NRMA service depot at Villawood on
the dates shown, with their engines already removed and partly
disassembled. The vehicle details are shown in the separate reports

for reference purposes but brief details are shown here:-

DATE VEHICLE REG. ODOMETER YRS CYL REPORT
26-11-96 Ford Falcon SKR946 205,504 4 6 NGA26K96
18~-12-96 Ford Falcon NTL353 102,117 11 6 NGA18L396
19-02-97 Holden Commodore DP710 128,465 15 6 NGA19BS7

§-06-97 Tovota Lexcen TVM115 45,179 2 6 NGAQSKF97
19-02-37 Components various various various NGA20C37

5-06~97 Components various various various NGAQ6&FT 97

The operating conditions of the vehicle were not known, and two
of the vehicles would probably have spent less than half of their life

on the petrol and ethanol mix.
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SUMMARY

The main impression from the inspection of the mechanical
components of the engines was the considerable difference in their
previous use, which outweighed any effect of the use of ethanol. Any
such effect and particularly on rubber and plastic components needs to
be judged under closely controlled test conditions.

CONCLUSTIONS

The following conclusions are thus given for the vehicles run on

the petrol and ethanol mix:-

a) Although possibly different from that expected with those of
petrol only, there were no problems found with the engine
condition which would be attributed to the ethanol.

b) It was not possible to distinguish any extra or reduced wear of
the engines from normal use due to the ethanol, particularly in
two cases where the vehicle spent only a fraction of their life
on the ethanol mix and where their previous lubrication was

inadequate.

) There was not believed to be sufficient control of comparative
testing of vehicles for wear of the mechanical components to be
resolved as a function of the use of ethanol, rather than a

function of the particular use of each vehicle.

=

NEIL GILLIES

BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA
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Engine Inspection Reports
1985 Ford Falcon XF

NEIL GILLIES & ASSOCIATES PTY LIMITED

A.C.N. 052 531 021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

ok kAR K

REPORT ON ENGINE
IN ETHANOL TRIALS
18 DECEMBER 1996

®* ok ok kR

for
APACE RESEARCH LIMITED
18 DECEMBER 1996

NGA18L96-ETHANOL-Page 1 of 4

INTRODUCTION

This report is directed at an assessment of an engine that was
from a vehicle that reportedly had travelled about 100,000 km with only
about the last half of that distance using a mix of 10 percent ethanol
with petrol, after a request from Apace Research Linmited. The Ford
Falcon sedan was seen at the NRMA service depot at Villawood on 18
December 1996, with the engine removed and partly disassembled. The
vehicle details are shown in the Appendix for reference.

The purpose of the limited inspection was to determine if there
were gsignificant effects from the presence of the ethanol, given that
the precise nature of the previous use of the vehicle was not known,

and the nature of any previous parts replacement was also not known.
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INSPECTION

A skin had formed at some time of the oil deposits on the inner
side of the sump and a section of about 100 x 150 mm was missing, and
only a little of this was evident on the pump pick-up strainer and in
the sump. There was oily caked material build-up in the cylinder head
cover and the upper side of the cylinder head.

The main bearing shells showed largely copper and the big-end
bearings showed copper in the centre third of the upper half shells.
Both the main and big-end journals of the c¢rankshaft were generally
stained grey, and there were copper-coloured markings around the oil
feed holes of the crankshaft.

There was evidence of an amount of block distortion around the

bottom of some of the bores and there was a ridge at the top of the

bores from a moderate amount of wear. There was some minor metal pick-
up on three of the pistons. The camshaft drive link belt was gquite
loose.

The exhaust and inlet valve stems and guides only had moderate
wear.  There were corrosion marks on the inlet valve seat and a
moderate build-up of carbon on the back of the inlet valve head. There
was some corrosion build-up on the exhaust valve seats and valve face.
There was normal carbon build-up in the combustion chambers.

The first and second piston rings had moderate wear, with the
upper rings worn on the lower surface from normal type wear. All the
0il control rings were moderately stuck in place in their piston
grooves.

The carburettor float area was quite clean, but there was some
minor expansion in the rubber float chamber seal. The carburettor was
quite c¢lean internally. )

No unusual condition of any of the fuel hoses or seals on the

vehicle were noted.
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SPECIAL COMMENT

The previous operating and servicing details of the vehicle were

not known, so that the conclusions are only relevant if the general

conditions of use were normal, the engine had not been previously

reconditioned, and the vehicle wag gubstantially used with the petrol

and ethanol mix.

SUMMARY

From the inspection shown above, and given the age and distance

travelled of the vehicle, the main impression was that the engine had

been generally subjected to poor lubrication schedules and/or oil

types. It had been significantly overheated at least once.

CONCLUSIONS

The following conclusions are assumed to be, but not guaranteed,

for a vehicle which had travelled 100,000 km:-

a)

b)

Although possibly different from that expected with petrol only,
there were some problems found with the engine condition but these
are regarded as attributed to the inadequate lubrication and
overheating and not to the ethanol.

Although with some moderately deteriorated compression and
performance, the engine would probably have been expected to be
able to be used for about another 50,000 km (to 150,000 km) but
with poor performance if it had not been dismantled, provided that

the recommended lubrication schedule was used for that distance.
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c) Reassembly of the engine with replacement rings and bearing shells
after proper cleaning would result in reasonable compression and
performance, and the capability ¢f running perhaps another 100,000
km, provided that the recommended lubrication schedule was used
for that distance.

NEIL GILLIES

BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA

APPENDIX
VEHICLE DETAILS

FORD FALCON XF Sedan Registration NTL-353 102,117 km odcmeter

6 Cylinder OHV engine 4~gspeed manual Transmission

ADR PLATE Seats 5 12 85 JG23FE 72973 C

VIN PLATE Prefix Serial SIDO
JG23FE 72973 C 556176
MODEL 18433 ENGINE L. TRANS L
TRIM W2 PRINT A BUILT DEC 85

ENGINE NUMBER JG23FE
72873 C
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ENGINE INSPECTION

A Ford Falcon XF Sedan bearing the below identification was inspected at the
workshop of NRMA Fairfield Street, Villawood on the 18th December 1996, for the
purpose of inspecting engine components for adverse wear, following usage over a
period of time of an Ethanol blend fuel.

Vehicle Identification: Ford Falcon Sedan
Series Type: XF

Compliance Plate Date: December 19835

Registration: NTC 353

Speedometer Reading: 102 117 kilometres

Vehicle Identification No: JG23FE72973C

The engine had been removed from the vehicle and dismantled having the cylinder head

removed and dismantled, sump pan removed, all pistons removed and the carburettor

removed from the manifold and dismantled.

Observations

1. Moderate to heavy oil sludge residue about the sump pan interior areas. The
centre lower areas of the sump pan were devoid of sludge consistent with major
oil flow washing. The oil pump pick up screen was free of any major sludge
residue.

2. Heavy oil sludge residue build up about the interior of the rocker cover, cylinder
head upper surface, valve springs and rocker arms. Timing chain displayed
excess wear and oil sludge build up on chain.

3. Oil residue in air filter areas adjacent to engine breather pipe inlet.

4. Evidence of coolant leakage at water pump gasket area and the hose fitting
spigot displayed moderate corrosion damage.

‘Winner 1992

7/01/97 ; |\

EWDOCI000:LW:B

0951602 2/89
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The back of the inlet valve heads displayed varying degrees of carbon residue
and the carbon was of an oil wet nature.

The valve stems displayed minimal wear at their guide contact areas, some
general wear in keeping with the distance travelled was evident in the valve
guides. All the valve seats and valve seat contact surfaces of the valves
displayed some general wear again consistent with the distance travelled. The
valve stem seals had hardened due to age and excess heat, their sealing on the
valve stems was of a limited nature due to their condition.

The cylinder bores displayed heavy load polished wear markings at the piston
skirt thrust areas. The lower areas of the cylinder bores displayed an abnormal
uneven ring wear contact markings and were oil varnish discoloured. Some
minor cross hatch hone markings were still visible in the cylinder bores. The
cylinder bores recorded varying degrees of wear ranging from 0.0imm to
0.07mm, ovality was recorded at 0.04mm and taper at 0.04mm to 0.07mm. The
lower areas of the cylinder bores recorded varying degrees of out of round with
a maximum of 0.04mm being noted.

Numbers one (1), three (3) and five (5) pistons displayed progressive early
stages of seizure to the skirt areas, the number five (5) piston being the most
affected. The pistons recorded wear ranging from 0.02mm to 0.03mm. The
carbon residue on the piston crowns displayed no major oil wetting.

All the pistons oil control rings were held solid in their respective grooves due
to oil sludge/oil carbon residue build up about the ring fands. The
circumferential expander of the oil control rings had contacted the cylinder
bores, this was most pronounced at the expander end sections. Limited service
life remaining to the oil control rails.

The top compression rings displayed heavy wear to their underside surfaces,
wear was recorded at 0.10mm. The second compression rings displayed wear to
the under surfaces also, however to a lesser degree. Compression rings recorded
end gaps ranging from 2.50mm to 3.57mm, the greater end gaps being present
to the top rings.

The crankshaft displayed an oil varnish discolouration of the crankpins and main
journals. The crankpins recorded a maximum of 0.01mm wear and ovality. The
number six (6) crankpin displayed a noticeable branding mark of the precision
inserts joint across the journal surface. All the crankshaft journals displayed
fine scoring of the surfaces. The number four (4) main journal displayed a
noticeable score mark about its centre area consistent with an oil borne foreign
object being present in the early stages of engine service. The corresponding
precision inserts lower section displayed a corresponding score markings.

EWDOC1000:LW:B

g

Winner 1992




APPENDIX E: ENGINE & FUEL SYSTEM WEAR 79

11, All the crankpin and main bearing precision inserts displayed general wear of
their load contact areas. The crankpin precision inserts displayed abrasive
wear/score marks to the lower sections. Qil clearance of the crankpin precision
inserts was found to average 0.10mm.

12. The oil residue about the main journal precision inserts evidenced a putrid burnt
odour.
13.  No evidence of major deterioration of carburettor gaskets, fuel bowl or fuel hose

or emission component hoses. The fuel tank sender unit and associated fuel
lines displayed no abnormal deterioration or corrosion damage.

CONCLUSIONS

As a result of my inspection of the said engine, it is my opinion that the engine displays
lack of regular oil change maintenance and as a result of this, oil borne contamination
wear has taken place.

The piston partial seizure and distortioning of the lower cylinder bores would indicate
that the engine had, had a major overheat due to the lack of coolant. The putrid oil
smell would indicate that the overheating would have been of a recent nature.

None of the wear present as listed in this report can be attributed to the Ethanol fuel
blend used by the vehicle.

At

E Wardell, Inspecting Engineer
Automotive Technical Services, Pyrmont

Winner 1992

e
701797 7

EWDOC1000:LW:B
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AUTOMOBILE ENGINEERING CONSULTANT
LICENSED LOSS ASSESSOR & FORENSIC ENGINEER

33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 < Mobile: 015783 575

N\

18th December, 1996

The Manager,

Apace Research,

21 Ventura Road,
NORTHMEAD NSW 2152

Dear Sir,.

Re: FORD FALCON - REGISTERED NUMBER NTL 353
ENGINE NUMBER: JG23FF72973C
SPEEDO READING: 102,117 KILOMETERS

The following report has been carried out in order
to assess the mechanical condition of the motor as
fitted to the above mentioned vehicle and a number
of its ancilliary components.

This particular unit has been operating on a blended
fuel mixture of 10% ethanol for a period of three
years.

At the time of the inspection the motor had been
removed from its chassis and dismantled with the
exception of the crankshaft and timing chest.

The examination revealed the following:

Cylinder bore dimensions were as detailed hereunder:

Lower unworn area: 3.682" or 93.5mm
Maximum wear and ovality being .004 or 0O.10mm

All cylinder bores displayed substantial carbon layer
at the lower area and some discolouration indicative
of high operational temperatures.

Piston skirt measurements being 3.680".

Total skirt clearance at the maximum cylinder bore
wear area being .006" or 0,15mm.

Pistons three and five displayed slight vertical
scoring. Again indicative of extremes in temperature.

Piston rings were complete, however there was
substantial side wear evident on the compression
rings of .004" or 0.10mm.

.2/,

Vehicle & Component Inspections * Independent Reporting * Specialising in Trade & Legal Requirements
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The butt ends of a number of the oil scraper
expanders were in contact with the cylinder bores.

Rod aligoment and gudgeon pins were in satisfactory
condition.

Conrod journal measurements being 2.123"™ or 57mm
standard,.

Bearing to journal clearance being .004" or 0.10mm.

A number of main bearing caps were removed. Slipper
bearings were slightly scored but serviceable.

The connecting rod slipper bearings, whilst still
serviceable, had lost a significant amount of the
lead overlay.

Cylinder head and valves were in satisfactory
condition with no indication of poor seating or
combustion loss.

Valve stem diameter being .342" or 0.87mm revealed
a maximum clearance of .003" or 0.08mm.

The interior of the engine block and sump and valve
cover were covered with a substantial residue of
carbon.

Fuel lines, carburettor and amcilliary items did not
reveal any significant deterioration or chemical reaction.

The fuel tank, sender unit and ancilliary fuel lines
were also found to be in serviceable condition.

CONCLUSION

The examination of components submitted did not reveal
excessive wear on the internal reciprocating units
such as valves, pistons, crankshaft and rings
considering the age of the vehicle and the distance
travelled nor was there any evidence of impending
failure.

However the motor appears to have suffered from a
lack of regular oil changes and short operational
periods resulting in the already mentioned build up
of carbon residue.

As previously mentioned there was no apparent
chemical reaction to the fuel components as a
consequence of the ethanol blend.
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Trusting this report will be of assistance to you.

Yours faithfully,

7

NE\EIL’/W,E S

S.A.E.A,
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1995 Toyota Lexcen

NEIL GILLIES & ASSOCIATES PTY LIMITED

A.C.N. 052 531021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

L A

REPORT ON ENGINE
IN ETHANOL TRIALS
5 JUNE 1997

W R ok W

for
APACE RESEARCH LIMITED
5 JUNE 1997

NGAOSF97-ETHANOL-Page 1 of 4

INTRODUCTION

This report is directed at an assessment of an engine that was from
a vehicle that reportedly had travelled about 45,000 km largely using a
mix of 10 percent ethanol with petrol, after a request from Apace
Research Limited. The Toyota Lexcen sedan was seen at the NRMA service
depot at Villawood on 5 June 1997, with the engine removed and partly
disassemnbled. The vehicle details are shown in the Appendix for
reference.

The purpose of the limited inspection was to determine if there were
significant effects from the presence of the ethanol, given that the
precise nature of the previous use of the vehicle was not known, and the
nature of parts replacement was also not known, except that it was
understood that the major mechanical parts of the engine were replaced at

some time due to an engine internal problem from original assembly.
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INSPECTION

The crankcase and oilways and sump interior were guite clean, with
no blocking of the o1l pick-up screen. There was insufficient wear to
form a ridge at the top of the bores, and there was almost no signs of
wear in the lower portion of the bore. However there was some bore
distortion evident at the siamesed areas. There was fatigue evident in
the upper bigend shells.

The more recent combustion deposits on the tops of the pistons were
white over the general blac deposits. All the piston rings were freae
with minimal signs of wear.

There was some build-up in the inlet port of the cylinder head at
the throat behind the valve head, and with the inlet valves showed heavy
build-up on the back face, so that there was some contact between the
deposits and resultant shrouding of the inlet area. The inlet valves
showed some spot bhuild-up on the seating face. The exhaust valves showed
some pitting of the seating face, but all the seats in the heads were in
quite good condition,

The fuel sender sealing gasket was acceptable, with some minimal
shrinkage of the cork seal, and minimal effect on the black rubber
surround.

There was no noticable corrosion inside the fuel tank.
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SUMMARY

From the inspection shown above, and given the age and distance
travelled of the vehicle, the main impression was that the engine had

been subjected to mild overheating and mild over-revving.

SPECIAL COMMENT

The previous operating and servicing details of the vehicle were not
known, so that the conclusions are only relevant if the general
conditions of use were normal, the engine had not been previously
reconditioned, and the vehicle was substantially used with the petrol and

ethanol mix.

CONCLUSIONS

The following conclusions are assumed to be, but not guaranteed, for
a vehicle which had travelled 45,000 km:-

a) Although possibly different from that expected with petrol only,
there were some problems found with the engine condition but these
are regarded as attributed to the conditions of use and not to the
ethanol.

b) The engine would probably have been expected to be able to be used
for about another 50,000 km (to 100,000 km) if it had not been
dismantled, provided that the recommended lubrication schedule was

used for that distance.
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c) Reassembly of the engine with replacement rings and bhearing shells

after proper cleaning would result in reascnable compression and

performance, and the capability of running perhaps another 80,000 km

(to 125,000 km), provided that the recommended lubrication schedule

was used for that distance.

NEIL GILLIES

BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA

APPENDIX

VEHICLE DETATLS

TOYOTA LEXCEN CSi Sedan Registration TVM-115
Engine LG2 V6 Cylinder OHV engine
Transmission M30 Automatic Transmission
Model VS8VK1S-U4A Body T839193

Odometer 045,179 km
Built JULY 95

Power Steering

VIN 6H8T4K19HST839193
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A Toyota Lexen Sedan bearing the below identification was inspccted at the workshop
of NRMA Fairfield Strect, Villawood on the 5th June 1997, for the purpose of inspcceting
engine components for adversc wear following usage over a period of time on an

Ethanol blend of unleaded fuel.

Vehicle Inspection: Toyota Lexen CSi Sedan
Engine Type/Size: V6 3.8 Litre
Compliance Plate Date: 11th July 1995
Registration Number: TVM-115

Speedometer Reading: 45179 Kilometres
Vehicle Identification No.: 6H8T4K19HST839193

The engine had been partially dismantled prior to arrival for inspection, having the left
hand cylinder head removed, engine sump pan, all the fuel injectors and the number onc
(1) piston removed.

Observations

1. No major oil sludge residue build up about intcrnal areas of the engine sump,
valve cover or oil pump pick up straincr.

2. Modcrate to heavy dirt/road dust contamination of the air filter element.

3. Light carbon residuc build up on the cylinder head combustion chamber surfaces.
A slightly heavier carbon residue present on the piston crown surfaces.

4. The number five (5) exhaust valve head carbon residue displayed a noticcable
difference in colour to the numbers one (1) and three (3) exhaust valves,
consistent with higher combustion chamber temperatures.

S. All the valves were removed from the cylinder head during the course of the
inspection, the inlet valves displayed heavy carbon build up about the lower stem
area and back of the valve heads. The extent of the carbon build up on the back
of the valve hcads was such that it evidenced polishing due to contact of the
valve seat undercut areas.

6. All the inlet and exhaust valve scating surfaces were of a wide nature, displaying
variance in width and extending in somc instances to the valve head margin edge.

7. The exhaust valve seats displayed evidence of combustion reside between the scat
mating surfaces, consistent with incorrect scaling of the valves.

8. The inlet valves. valve stem seals displayed limited scaling pressures on the valve
stems when the valve stems were drawn through the scals.

9. The number one (1) piston displayed no abnormal ring tand wear. The top
compression ring displayed having fully scating against the cylinder bore surface.
The sccond compression ring displayed only being partially bedded in to the
eylinder bore surface. The oil control ring dispiayed having been fully seated
against the cylinder bore.
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10.  The cross hatch hone markings were still cvident in the cylinder bores, however
an abnormal hcat transfer pattern was evident in the upper rear centre arca of the
number one (1) cylinder bore. The said marking diminished down the cylinder
bore surface.

11 The number one (1) connecting rod precision inscrts di splayed some oil borne
contarnination scoring. The upper insert displayed fatiguc of the inlay material in

two (2) arcas at the major load bearing surface.

12. Slight carbon residuc about all the injector pintcl cover arcas, the pintel point
arcas were of a clean catrbon frce appcarance.

13.  The injectors were flow tested and found to be flowing at an cven rate. The
injector spray patterns werc also of an even nature.

14. The interior of the fuel tank as viewed via fuel pump/sendor unit with the tank
insitu displayed no evidence of corrosion activity.

Conclusions

From the itcms inspected from the dismantled engine it is my opinion that no detrimental
wear has taken place duc to the usage of an “Ethanol” blend fucl.

It was however apparent that due to insufficient scaling of the inlet valve stemn scals, that
an enginc oik usage problem had been evident.

The abnormal valve seat, scating width should also be given corrective attention to
cnsure future serviceability of the valves and scats.

At the time of the inspection numerous fuel hoses, spark plugs, fucl filters and scctions of
fucl hoses were offered for inspection.

The said parts were reported to have been removed from various other vehicles that had
been operating on “Ethanol” blend fucls over varying periods of time.

No detrimental defeets or deterioration of the components was evident.
One (1) fucl filter said to be removed from a Magna vehicle did however display some

moderate build up in the filter media of a brown grit type substance consistent with a
dirty fucl contamination.

Lllpatt

E Wardell, Inspecting Engineer
Automotive Technical Services
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AUTOMOBILE ENGINEERING CONSULTANT
LICENSED LOSS ASSESSOR & FORENSIC ENGINEER

33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 4 Mobile: 015783 575

N

T0th June, 7997

The Managen,

Apace Reseanch,

21 Ventura Road,
NORTHAEAD NSW 27152

Dearn Sin,

RE:  TOYOTA LEXEN - REGISTERED NUMBER 7VM 175
SPEEDD READING 45,779 KILOAETERS
VIN 6HET4K79HST839793

The inspecition and subseqgeuni repont deals with a
numben of openational components associated with
Zuel deliveny and combustion as fitied 2o the
allove mentioned vehicle.

The uniit had openated fon a peniod of around 45,000
hilomelens using a bLend of 10% Ethancl within the
Luel system.

A piston and rod werne removed from ithe deft fbank of
the moton in an endeavoun to check the condition of
the cylinden bonrne, pistons, nings and gudgeons,
crank journal, cylinden head and valves.

The examinaiion nevealed the Lollowirg:

Cylinden bone measurnements feing 3.779” on 96.5mnm.
Maxinum wean being .0075" orn 0.04mm, Satisfactony.

Piston to Lonrne clearance .004” or O,710mm.
Satisfactony.

Piston skint did not display evidence of ovenhealing
on misalignmentd.

Piston rings werne complele and serviceable.

Gudgeon pin bush was within manufacturen’s tolerances.
Satisfactony.

A secition of the cylinder bonrne cross hatch hone
pattenn had bdeen nemoved in an area opposile to the
thrust indicative of heat transfen.

L2/

Vehicle & Component Inspections * Independent Reporting * Specialising in Trade & Legal Requirements
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Connecting rod slippen beanings revealed some
sculfing an minor detachment of a small section of
the beanrning sunface atl the top beaning shell,

Conneciting rod Bearding to jouanal clearnance feding
L0025” on 0.06mm. Satistactony,

Cylinder head combustion area and head gasket did noi
display any irregulanities, howeven there was an
exhaust Leak felween the maenifold gasket and

cylinden head.

Inlet and exhaust valve guides were within
manufacturen’s specidficalions.

There was a varialion in the valve face to seal
contact on both infet and exhaust valves.

Exhaust valve fLace surnface revealed minute discolounatlion
indicative of the use of unleaded fuel.

Engine sump, oil pump pick up werne clean wilh no
evidence of metallic infiliration on breakdown of Zhe
bubrnication system.

Fuel pump, fLuel tank and fillen cap wene free fLrom
conanosion on seal delernioralion.

The six dnjecltorns wene checked, Delivery and spray
pattean were found to be satisfactory in both Lacets
ol the operation.

CONCLUSION

The examination of componenit parits available did not
neveal any majon operelional problems,

The only deternioration observed was of the Ltop hall
of the connecting rod séippen bearing most probally
due to a manufacturing Laubt and the fLeakage of the
exhaust manifold gaskelt.

Tausting this neport will Le of assistance Zo you.

Youns Laithfully,

Vo
%/ .

WEVILL& WEBBER " “H. I A M. E. A5, A.EA.
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1995 Mitsubishi Magna
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ENGINE INSPECTION

A Mitsubishi Magna Sedan bearing the below identification was
inspected at the workshop of NRMA Fairfield Street, Villawood on the
Lst July 1997, for the purpose of inspecting the engine components for
adverse wear following usage over a period of time on an Ethanol
blend of unlcaded fucl.

Vehicle Type: Mitsubishi Magna Executive Scdan
Engine Type Size: 4 Cylinder Overhead Cam 2.6 Litres
Compliance Plate Date: May 1995

Registration Number: TTF-843

Speedometer Reading 42082 Kilometres

Vehicle ldentification No.: 6MMTS4D41ST047158

Engine Number: HWS531E85485

NRMA Limited
ACN 000 010 506

151 Clarence Street

Sydney NSW 2000

Australia

Telephone (02) 9292 9222
Web site www.nrma.com.au

The engine had been partially dismantled prior to arrival for inspcction, having the
cylinder head removed and all the valves removed. All the fucl injectors had been

removed for testing and set up on the fuel injection test bench.

OBSERVATIONS

No cvidence of major oil sludge residue about the internal areas of the valve
cover or oil washed areas of the cylinder head and valve train components.

The piston crowns carbon residue was of a soft nature, due to contamination of
cngine coolant at the time of removal of the cylinder head. The number (2) two
piston crown displaycd a lesser degree of carbon residue, this was discoloured
consistent with higher operational temperatures than the other (3) three.

All the cylinder bores displayed uneven polished wear marks and longitudinal
markings consistent with the piston rings not rotating in their ring grooves. The
original cross hatch hone marks were still evident in the cylinder bore surfaces.
The number (2) two cylinder evidenced an abnormal hene markings over and
across the original hone marks, this being consistent with the hone stones having
been drawn across the surface after the honing process had been completed.

No abnormal heat discolouration of the cylinder head gasket fire ring seals.

The exhaust valves displayed minimal carbon residuc about the valve head
surfaces. The wvalve seating/sealing surface displayed having had some fine
particles of carbon between the seat resting surfaces.  All the valve
scating/sealing surfaces were central on the valve facc.

The numbers onc (1) and four (4) cxhaust valve stcm end scctions displayed
fatiguing of the contact area of the rocker/lifter. The number (1) one exhaust
valve stem end had fatigued to the extent that the surface displayed pitting in an
area.
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The inlet valves displayed moderate to heavy carbon build up on the undersides
of the valve heads. The carbon build up was to the extent that the carbon on the
number (2) two inlet valve was polished duc to contact of the valve seat undercut
arca.

The number (3) three inlet valve stem scal displayed limited tension on the valve
stem. The extent of loss of tension was such that at times under its own weight

the valve would slide through the stem scal.

Slight scorc marks on the camshaft journals and associated bearing caps/tunncls
were consistent with some oil borne foreign particle damage.

The engine oil displayed some moderate discolouration consistent with requiring
changing.

Flow test of the fuel injectors was satisfactory at 70.5 to 71 mls over the test
period and spray pattcrns were satisfactory.

All fuel and cmission control unit vacuum hoses displayed no abnormal softening
and hardcning.

CONCLUSIONS

From the items inspccted it is my opinion that no abnormal wear was dctected that could
be associated with usage of an “Ethanol™ blend fuel.

It would be suggested that prior to reassembly of the components that two (2) ncw
cxhaust valves be fitted, also a new set of valve stem seals to ensure further serviceability
to the engine.

Atfpsiett

E Wardell, Inspecting Engineer
Automotive Technical Services
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AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER
/ 33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 <+ Mobile: 015783 675

30LA June, 1997

The Managenr,

Apace Reseanrch,

27 Ventura Road,
NORTHMEAD NSW 2752

Dean Six,

Re: MITSUBISHI MAGNA - ENGINE NUMBER HW 537£85485
COMPLIANCE PLATE - MAY 7995
SPEEDO READING 42,082 KILOMETERS

The Lollowing neport nelates to 2he operalional
condition of the valfve mechanism, camshalt journals
and 2oles, valve stem seals, velve springs, cylinden
bore and injectons. i

It is undenstood the vehicle had used a fuel blend of
10% £thanol fon the total perniod of kilometens travelled.

At the time of the inspecition, the cylinden head had
feen removed and afl vafve mechanism had fLeen dismantiled.

The examination nrevealed the followding:

Cylindern bore cross hatch hone pattean had been
removed in a numbern of areas.

Aaximum wean and ovalily beding .00075" on 0.02mm.
Satisfactonry.

There was nelaiively sofi carbon builddup on the
piston crown., Satisfactony.

Camshatt journals and Lobes displayed only minoxr
secutfing through noamal operational service.
Satisfactony.

ALl exhaust valves had been positively seated.

Valoe stem diameten being . 372%-or-0.79mm.

Infet velve stem diameten was increased Ly .007"on
0.79mm.

Wearn Lacton beding .00075” on 0.02mnm.

Raximum stem to guide clearance .003” or 0.08mm.
Satisfactorny.

o2/
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AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER
é 33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 94516773 + Mobile: 015783575

30tk June, 7997

The fMlanagen,

Apace Resecarnch,

27 Ventura Road,
NORTHAEAD NSW 2752

Dean Sin,

Re: (QITSUBISHI MAAGNA - ENGINE NUMBER HY 5371E85485
CONPLIANCE PLATE - MAY 7995
SPEEDD READING: 48,082 KILOMETERS

The following reporil relates to the operational
condition of the valve mechanism, camshafl jouanalls
and fobes, valve stem seals, valve springs, cylinden
bore and Lnjectons.

At the time of Zhe inspection, the cylinder head had
been rnemoved and all valve mechanism had been
dismantled.

The examination nevealed the fLollowing:

Cylinder fone crnoss hatch hone patiern had feen
nemoped in a numben of aneas.

Maximum weanr arnd ovality being .00075” on O0.02mm,
Satisfactony.

Therne was nelatively so0ft carbon Buildup on the
riston crown, Satlisfactonry.

Camshalt journals and Lobes displayed only minonr
seuffing through normal operational seavlce.
Satisfactony.

ALl exhaust valves had leen positively seated.

Valve stem diameter Being .372" on 0,7%mm,

Infet pablve stem diameien was incaeased Ly 007 on
0.79%mm.

Wean Lacton feding .00075” on 0,02mm.

Naximum stem to gulde cleanance .003” on 0,08mm.
Satistactony.

L2/,
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1992 Ford Falcon EB

NEIL GILLIES & ASSOCIATES PTY LIMITED

A.C.N. 052 531 021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA

* K R kW

REPORT ON ENGINE
IN ETHANOL TRIALS
26 NOVEMBER 1996

L

for
APACE RESEARCH LIMITED
26 NOVEMBER 199%6

NGA26K96-ETHANCL-Page 1 of 4

INTRODUCTION
This report is directed at an assessment of an engine that was from

mix of 10 percent ethanol with petrol, after a regquest from Apace
Research Limited. "The Ford Falcon station wagon was seen at the NRMA
service depot at Villawood on 26 November 1996, with the engine removed
and partly disassembled. The vehicle details are shown in the Appendix

for reference.

significant effects from the presence of the ethanol, given that the
precise nature of the previous use of the vehicle was not known, and the

nature of any previous parts replacement was also not known.

a vehicle that reportedly had travelled about 200,000 km, largely using a

The purpose of the limited inspection was to determine if there were
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INSPECTION
The ingide of the sump area was free of sludge. The top of the
cylinder hores had lips left from a small amount of wear. The cylinder

bores were glazed somewhat in the lightly loaded areas, but minimally
worn on the thrust side with the hone marks still generally visible. One
c¢ylinder bore had a minor vertical score mark. The bhig-end bearing upper
shells were worn through the overlay significantly.

The piston tops were generally minimally coated with carbon, except
for some areas toward the edge where it had built up somewhat. There was
minimal carbon build-up in the combustion chamber. The upper rings were
worn considerably on their upper face, leaving an outer ridge projecting
vertically. The second rings were worn only a little radially, and not
significantly on their upper and lower faces, The o0il control rings were
worn somewhat.

The camshaft journals in the cylinder head had all scored
significantly in the upper halves and the lower bearings were reasonable.
The cam followers were not significantly worn, but there was minor
ridging on the cam surfaces.

The exhaust and inlet valve stems and guides only had moderate wear.
There was minimal build-up in the exhaust ports and on the back of the
exhaust valves and the seat of the valves and the face of the seat had
minor product build-up rather than wear or sinking. There was minimal
build-up in the inlet port but moderate build-up on the back of the valve
head, and the inlet face on the valve was recessed, and the seat in the
head had some minor corrosion and pitting.

No significant swelling of the front and rear main bearing cap seals
were noted, nor of the cylinder head to front timing cover seal.

The head coolant areas showed a limited amount of the corrosion of
the aluminium, and there was moderate corrosion on the outside of the
water outlet elbow (in the narrow gap under the hose down as far as the

hose c¢lamp).
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Initial testing of the six fuel injectors showed excessive flow and
leakage from one, but this generally settled down on repeating the test,
and was possibly as a result of grit acquired from disassembly, since
reportedly there were no recent engine difficulties. The fuel filter was
guite ¢lean and unaffected.

The v-belt and poly-v-belt idler pulley bearings were somewhat worn.

No unusual condition of any of the fuel hoses or seals on the

vehicle were noted.

SPECIAL COMMENT

The previous operating and servicing details of the vehicle were not
known, so that the conclusions are only relevant if the general
conditions of use were normal, the engine had not been previously
reconditioned, and the vehicle was largely used with the petrol and

ethanol mix.

SUMMARY

From the inspection shown above, and given the age and distance
travelled of the vehicle, the main impression was that the engine had
been generally lightly loaded, not generally over-revved, and had

received proper lubrication.

CONCLUSIONS

The following conclusions are made for the Ford Falcon Station Wagon
which had presumably travelled a significant part of 200,000 km use on an

ethanol mix: -

a) Although possibly different from that expected with petrol only,
there were no significant problems found with the engine condition

and thus none which could be attributed to the ethanol.
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b} Although with some moderately deteriorated compression and

performance, the engine would probably have been expected to be able

to be used satisfactorily for about another 100,000 km (to 300,000

km) or more if it had not been dismantled and was used under similar

conditions to its earlier use.

¢) Reassembly of the engine with replacement rings and bearing shells
after proper cleaning would result in reasonable compression and
performance, and the capability of running perhaps another 200,000

km under similar conditions to its earlier use.

NEIL GILLIES
BE, Grad Dip, ME, FIEAust, MIMechE, FSAEA
APPENDIX

VEHICLE DETAILS

FORD FALCON EB Station Wagon Reg SKR-946 205,504 km odometer
6 Cylinder OHC engine Automatic Transmission
ADR PLATE Approval Number 8664 Seats 5 10/92

VIN 6FPAAAJGWANYS51385

VIN PLATE 6FPAAAJGWANY51385 SIDO 716472
MODEL 18263 ENGINE H TRANS W
TRIM 61 PAINT L7 BUILT OCT 92

ENGINE NUMBER JGWANY
51385
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ENGINE INSPECTION

A Ford Falcon Station Wagon bearing the below identification was inspection at the
workshop of NRMA, Fairfield Street, Villawood for the purpose of inspecting engine
components for adverse wear, following extended usage on an Ethanol blend fuel.

Vehicle Identification: Ford Falcon Station Wagon
Series Type: EB

Compliance Plate Date: QOctober, 1992

Registration: SKR-946
Speedometer Reading: 205 504 kilometres

Vehicle Identification No: 6FPAAAJGWANYS51385

The engine had been removed from the vehicle and partially dismantled, having the
cylinder head, sump pan, numbers four (4) and five (5) pistons removed and the inlet
and exhaust valves of the number four (4) cylinder removed from the cylinder head.

Observations

1. Interior areas of the engine block, sump pan, rocker cover and all internal
components of the engine displayed minimal oil sludge residue. TFor the
indicated distance travelled the interior areas of the engine would be considered
to be remarkably clean.

2. Evidence of oil leakage at the rear of the sump pan rear seal area.

3. Cross hatch hone marks still evident in the cylinder bores. The cylinder bores
also displayed a noticeable oil varnish glazing of the surfaces. Minimal wear lip
on the upper and lower cylinder bore areas, cylinder bore size recorded at
92.28mm with 02mm ovality. No measurable taper evident. Standard cylinder
bore size 92.25 - 92.31mm. The cylinder bore size is still within standard
specifications,

4. Minimal carbon build up about piston crowns and cylinder head combustion
chamber areas.

5. The top compression rings of the numbers four (4) and five (5) pistons displayed
heavy side wear, this was most pronounced on the upper surfaces. The said
wear was recorded at 0.17mm. man

Awards
Winner 1992

e
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12.

13.

9/12/56

EWDOC221:LW:B

The cylinder bore contact surfaces of the top rings in question displayed some
fine score markings consistent with abrasive type wear, which may have been
caused by dustings or dry fuel.

The second compression rings displayed no abnormal wear patterns or abrasive
wear markings.

The oil control rings of the said pistons displayed limited service life remaining,

The numbers four (4) and five (5) pistons recorded a size of 92.21mm to
92.22mm. Standard piston size is 92.23mm to 92.29mm. No abnormal wear
patterns present on the piston skirt areas. The undersides of the piston crowns
displayed no abnormal combustion chamber temperature discolourations.

The underside of the piston crowns however did display some oil varnish
discolouration and a noticeable cleaned area of the surface due to the oil cooling
spray.

The piston skirts displayed a moderate to heavy oil varnish residue about the pin
boss and associated areas.

The connecting rod precision inserts of the numbers four (4) and five (5)
connecting rods displayed moderate load wear of the upper inserts inlay
material. This wear was to the extent that a noticeable step had formed at the
edge of the worn inlay material, some oil borne foreign particles scoring was
also present. The condition of the bearings is considered to be consistent with
general wear for the indicated distance travelled.

The crankpins displayed no abnormal wear or scoring and recorded a size of
53.93 with .01 ovality. Standard size of journal 53.93mm to 53.95mm.

The camshaft displayed some general wear and scoring of the lobes and
journals, this wear was a direct result of oil borne contaminants. The cylinder
head camshaft tunnels displayed no major wear, however impregnation of fine
abrasive particles could be felt in the tunnel surfaces.

No abnormal wear in valve guides or on valve stems of the number four (4)
cylinder inlet and exhaust valves.

The exhaust valve seat and insert seat surfaces were lightly carbon coated and
small pitting of the carbon residue was evident in areas. The inlet valve
displayed a moderate degree of recession of the seat surface. This would be
considered consistent with indicated distance travelled.

Austealian
Quality
Awards
Winner 1992

e p—
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15.

16.

17.

18.

No evidence of deterioration of the fuel pressure regulator diaphragm or seat
seal.

No abnormal residue about the injector pintel areas.

Fuel injector flow test was undertaken which resulted in number six (6) injector
full flowing, consistent with some form of foreign body being present in the
internal areas. Following a further series of flow tests the full flowing of
number six (6) injector ceased, the subsequent flow test of the injectors then
revealed and even flow of all injectors of between 58 to 59 millilitres over the
test sequence period. Open flowing of the number six (6) was possibly due to
debris from the fuel rail as there was no indication of the engine running with
the injector in the full flow condition.

The fuel pump/sendor unit tank seal displayed advanced deterioration of its fuel
contact areas. The fuel pump hose section and rubber insulators displayed no
abnormal deterioration.

Limited inspection of the fuel tank interior via the fuel pump/sender unit
aperture revealed no evidence of corrosion activity.

CONCLUSIONS

From the inspection of the components sighted, it is considered that the engine displays
no evidence of abnormal wear, other than the top compression rings which is of some
concern.

Until further engines running on the same fuel type are inspected, a reserved judgement
as to the prime cause of the top ring wear is held.

E Wardell, Inspecting Engineer
Automotive Technical Services, Pyrmont

9/12/96
EWDOC221:.LW:B
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AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER
é 33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 <+ Mobile: 015783 575

28th November, 1996

The Manager,

Apace Research,

21 Ventura Road,
NORTHMEAD NSW 2152

Dear Sir,

Re: FORD FALCON ~ REGISTERED NUMBER SKR 546
ENGINE NUMBER: JGWANY51385
SPEEDO READING: 205,504 KILOMETERS

The inspection and subsequent report deals with the
operational condition of the above mentioned motor.

At the time of the examination the unit had been
removed from its chassis and partially dismantled.

Components available were as follows: Pistons, rings,
conrods and slipper bearings from cylinders four and
five. Cylinder head valves at number four were also
removed.

A number of fuel ancilliary items, such as injectors,
sender units and pressure regulator seals were also
submitted.

It is understood that this particular motor had
operated in excess of 200,000 kilometers using a blend
of unleaded fuel and ethanol.

The reason for the examination was to ascertain as to
whether or not the motor had suffered from excessive
wear because of the fuel additive.

The inspection revealed the following:

Piston skirt taper and thrust surfaces of numbers four
and five measured .001" or approximately 0.02mm.

Top compression rings at number four piston displayed
excessive side wear of up to ,007" or 0.18mm. Second
compression ring side wear being .002" or 0.05mm.

0il ring tension adequate.

Number five top compression ring side wear being .003"

or 0.08mm. Second compression side wear being .002"
or 0,05mm, 0il ring tension again adequate.

.2/,
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There was no evidence of piston crown oil wash which
would be indicative of excessive use of lubrication oil.

A1l cylinder bores displayed some minor glazing,
however the cross hatch pattern was in evidence.

Cylinder wear and ovality at numbers four and five
being approximately .003" or 0.08mm.

Cylinder bore standard size being 92.3mm or 3.632".

Crankshaft journal dimensions at numbers four and five
being 2.1235". Standard size beipng S54mm or 2.125".

Maximum journal to slipper bearing clearance being .004"
or 0.10mm.

There was evidence that the sacrificial surface of the
slipper bearings had been penetrated at the maximum
load contact area.

Inlet and exhaust stem diameter being .340" or maximum
wear .0005".

Valve stem to guide clearance .003 or 0.08mm.

There was no evidence of valve seat pocketing or valve
face distortion.

Positive head gasket seat at all combustion areas.

0il residue in engine sump revealed no significant
contamination.

Rocker mechanism appeared serviceable, however there
was some rotational minor scoring on all cam journals
with variation of up to .0015" or 0.03mm at number
four cam jourmnal.

Ancilliary components such as the fuel tank and pressure
regulator seals were operational though there was some
minor deterioration of the tank sender unit seal in an
area which was in constant contact with the fuel level.

Injector flows being approximately 60 mls. per 30 second
flow time.

Spray pattern was within manufacturer's specifications.

CONCLUSION

The examination of components available for inspection
did not reveal any significent deterioration within
the motor.

..3/.
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The side wear factor of the number four top compression
ring appears to have been brought about by loss of side
wall tension due to fair wear and tear exacerbated by
piston ring rotation.

Cylinder bore wear was not excessive.

Piston skirt did not display signs of lack of lubrication
or over heating.

Slipper bearings at number four and five journals
displayed high load factor indicative of ignition
advance and/or consistent full throttle operation.

Valve mechanism revealed an extremely low rate of wear,
though cam journals were lightly scored.

Cam journal bearings displayed only slight scoring.

There was no evidence of serious seal deterioration at
injectors, sender unit or pressure regulator.

Taking into account the 200,000 kilometers travelled,
the motor, although displaying some general wear would
in the main still be considered operational.

There was no indication that any of the major components
or its ancillaries had reached the stage of impending
failure.

Trusting this report will be of assistance to you.

Yours faithfully,

NEVILL/‘ %IEQ(EI\/////{/%E/ M.S.A.E.A.

i
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1981 Holden Commodore VH

NEIL GILLIES & ASSOCIATES PTY LIMITED

A.C.N. 052 531 021

7 March Place Tel (61 2) 9558 4430
Earlwood 2206 Fax (61 2) 9558 2790
AUSTRALIA
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REPORT ON ENGINE
IN ETHANOL TRIALS
19 FEBRUARY 1997

E R 2 I

for
APACE RESEARCH LIMITED
19 FEBRUARY 1937

NGA19B97-ETHANOL-Page 1 of 4

INTROBUCTION

This report is directed at an assessment of an engine that was from
a vehicle that reportedly had travelled about 140,000 km with only about
the last third of that distance using a mix of 10 percent ethanol with
petrol, after a request from Apace Research Limited. The Holden
Commodore sedan was seen at the NRMA service depot at Villawood on 19
February 1997, with the engine removed and partly disassembled. The
vehicle details are shown in the Appendix for reference.

The purpose of the limited inspection was to determine if there
were significant effects from the presence of the ethanol, given that
the precise nature of the previous use of the vehicle was not known, and

the nature of any previous parts replacement was also not known.
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INSPECTION

The crankcase and sump interior was guite clean, with no blocking
of the o0il pick-up screen. There was moderate scaling on the inside of
the rocker cover.

The ridge at the top of the bores was moderate, but there was
almost no signs of wear in the lower portion of the bore with almost no
wear on the thrust side of the pistons themselves. The big-end journals
and the bigend shells were somewhat worn towards the edges indicating
some cocking, in both directions. There was a small circumferential
ridge formed on one big-end journal.

The inlet manifold was guite ¢lean internally, but the exhaust
deposits were gquite white, and to a large extent so were the more recent
deposits on the combustion chambers and the tops of the pistons. There
was some build-up in the inlet port and at the outlet of the manifold.

The exhaust and inlet valve stems and guides only had moderate
wear. The exhaust valves had some light grey build-up and the seats
were sunk to a significant extent. The inlet valves showed heavy black
build-up, with some of the deposits having previously broken off. The
valves showed a moderate amount of settling.

The pistons had some brown discolouration on their sides. All the
piston rings were free with minimal wear except for significant wear at
the top surface of the top ring.

The crankshaft front seal had heen replaced at some time. The
petrol pump was semingly new.

No unusual condition of any of the fuel hoses or seals on the

vehicle were noted.




APPENDIX E: ENGINE & FUEL SYSTEM WEAR 107

NEIL GILLIES & ASSOCIATES PTY LIMITED

NGA19B97-ETHANOL-Page 3

SUMMARY

From the inspection shown above, and given the age and distance
travelled of the vehicle, the main impression was that the engine had
been generally subjected to poor lubrication schedules and/or oil types.

SPECIAL COMMENT

The previous operating and servicing details of the vehicle were
not known, so that the conclusions are only relevant if the general
conditions of use were normal, the engine had not been previously
reconditioned, and the vehicle was substantially used with the petrol

and ethanol mix.

CONCLUSIONS

The following conclusions are assumed to be, but not guaranteed,
for a vehicle which had travelled 140,000 km:-

a) Although possibly different from that expected with petrol only,
there were some problems found with the engine condition but these
are regarded as attributed to the inadegquate lubrication and

conditions of use and not to the ethanol.

) Although with some moderately deteriorated compression and
performance, the engine would probably have been expected to be
able to be used for about another 40,000 km (to 180,000 km) but
with poor performance if it had not been dismantled, provided that

the recommended lubrication schedule was used for that distance.
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c) Reassembly of the engine with replacement rings and bearing shells
after proper cleaning would result in reasonable compression and
performance, and the capability of running perhaps another 100,000
km, provided that the recommended lubrication schedule was used for
that distance.

NEIL GILLIES
BE, Grad Dip, ME, PIEAust, MIMechE, FSAEA
APPENDIX
VEHICLE DETAILS

HOLDEN COMMODORE VH Sedan Registration DP-710 128,465 km odometer

6 Cylinder OHV engine Automatic Transmission
ADR PLATE Seats 5 09-81 AVHO00896A
VIN PLATE 8K 69LB L532074H

ENGINE NUMBER VL253804
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AUTOMOBILE ENGINEERING CONSULTANT
/ LICENSED LOSS ASSESSOR & FORENSIC ENGINEER
/ 33 DARLEY STREET, FORESTVILLE NSW 2087
Telephone: (02) 9451 6773 < Mobile: 015783575

19th February, 1997

The Manager,

Apace Research,

21 Ventura Road,
NORTHMEAD NSW 2152

Dear Sir,

Re: HOLDEN COMMODORE - REGISTERED NUMBER: DP 710
SPEEDO READING: 128,466 KILOMETERS
ENGINE NUMBER: V1253804

The following report relates to the condition of the
above mentioned motor which is understood to have
operated for a very considerable period using a fuel
blend of 107 Ethanol.

At the time of the inspection. the motor had been
removed from its chassis and dismantled with the
exception of the timing chest and crankshaft.

The examination revealed the following:-

Cylinder bore measurements in the unworpn area being
3.625" or 92mm standard. Maximum wear being .004"

or O0.10mm.

Pistons, rings and gudgeons were in serviceable
condition.

Rod alignment was satisfactory.

Piston skirt measurements being 3.623",overall skirt
variation being .001"™ or 0.03mm.

Crankshaft connecting rod journals were serviceable
however journal numbers one and six had been ground
approximately .010" undersize to 48mm or 1.890",

Journals two, three, four and five measurements being
1.998",

All slippers displayed some minor rotational scoring.

The back of slippers numbers one and six were stamped
.010" whilst two, three, four and five were stamped
.001",

.2/
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Inlet exhaust valves displayed adequate seat contact.
There was no evidence of excessive valve train wear.
Fuel tank seals and filters were serviceable.

Fuel pump displayed a faulty diaphragm.

There was no evidence of corrosion having formed
within the fuel tank.

CONCLUSION

Examination of components available did not reveal
abnormal wear or deterioration of the motor,

As previously mentioned, comnnecting rod journal
variation appears to have been brought about possibly
at the time of the initial factory assembly.

Fuel pump diaphragm deterioration could be considered
fair wear and tear.

With regards to the condition of the pistons, rings,
bearings, etc., it is reasonable to assume that the
motor was fully operational prior to dismantling
there being no evidence of high o0il copnsumption or
ring scuffing.

The wear factor acknowledged’is what one would
reasonably expect from normal operation considering
the age of the vehicle and the kilometers travelled.

Trusting this report will be of assistance to you.

Yours faithfully,
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ENGINE INSPECTION

A Holden VH Commodore bearing the below identification was inspected at the
workshop of NRMA Fairfield Street, Villawood on the 19th February '997, for the
purpose of inspecting the engine components for adverse wear following usage over a
period of time on an Ethanol blend of leaded fuel.

Vehicle Identification: Holden Commodore Sedan S/L
Series Type: VH 3.3 litre

Compliance Plate Date: September 1981

Registration Number: DP-710

Speedometer Reading: 128,465 kilometres

YVehicle Identification No. AVHO00896A

The engine had been removed from the vehicle and dismantled, having the cylinder head
fully disassembled, sump pan removed all pistons removed.

It was reported at the time of the inspection that the fuel pump had been replaced
approximately one (1) week prior, due to fuel leakage at same.

OBSERVATIONS

1. Moderate to heavy oil sludge residue about the interior areas of the valve cover,
cylinder head oil washed areas, valve springs and valve rocker arm components.

2. Evidence of prior oil leakage form valve cover gasket areas.

3. No evidence of major corrosion activity to cylinder head or cylinder block coolant
passages.

4. Moderate carbon build up about the cylinder head combustion chamber surfaces,
consistent with leaded fuel usage.

5. Heavy carbon residue build up on the back of the inlet valve heads and lower valve

stem areas. This is consistent with oil induction from the valve guide areas. ™

ity
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10.

il

12.

13.

The exhaust valves displayed moderate build up of carbon residue on the
combustion chamber head surface and under head areas.

All the valve seats and valve heads seat contact surfaces displayed varying degrees
of wear consistent with the indicated kilometre of service life.

No major wear evident on the valve stems or in the valve guides.

The valve stem seals that were sighted were of a hardened brittel nature, numerous
small sections of valve stem material also sighted were brittle and hardened and
were broken on dismantling of the valves from the cylinder head.

Oil varnish staining residue was present on all connecting rods and piston skirt
areas. The undersides of the piston crowns displayed above normal heat
discolouration consistent with higher than normal combustion temperatures, as a
result of an engine overheating condition.

No major wear evident to the piston ting lands or piston rings upper or lower
surfaces. The oil control rings displayed limited service life remaining to the rail
sections.

The pistons recorded a size ranging from 92.03mm to 92.04mm with no major
wear/damage to the skirt areas.

The cylinder bores recorded sizes ranging from 92.15mm to 92.28mm under the
top wear lip of the cylinder bore which would indicate some 0.09mm to 0.12mm
wear. Taper of the cylinder bores ranged from 0.10mm to 0.13mm.

The connecting rod precision inserts displayed varying degrees of load wear about
their centre areas. One (1) set of inserts displayed heavy scoring by oil borne
foreign particle.

The crankpin journals recorded a size of 48.24mm to 28.22mm on the numbers
two (2), three (3), four (4) and five (5) journals. The numbers one(1) and six (6)
crankpins recorded a size of 48.00mm. The precision inserts were of mixed sizes
ranging from STD, .025mm and 0.25mm oversize.

All the engine emission control vacuum hoses were heat hardened at their engine
component fitting end sections, the remainder of the hose sections were still in a
serviceable condition although having lost some pliability due to engine bay
temperature.

Winner 1992
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14. The leaking fuel pump when dismantled displayed a small split in the rubber
diaphragm. The said split was on the edge of the metal diaphragm support at tis
maximum flex position. The diaphragm rubber material displayed no evidence of
abnormal deterioration or hardening.

15.  The interior areas of the fuel tank sighted via the sendor unit aperture displayed no
evidence of corrosion activity.
CONCLUSIONS

As a result of the inspection of the dismantled engine components it is my opinion that
the engine displays general wear consistent with the indicated distance travelled.

No evidence of abnormal wear could be attributable to the use of an Ethanol fuel blend.
The sizes recorded on the crank pins and displayed on the rear of the precision inserts
would indicate that from original assembly the engine had been fitted with a crankshaft

having two (2) undersized journals.

Failure of the fuel pump diaphragm is resultant from general age/flexing of the material.

Al

E Wardell
Inspection Engineer
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APPENDIX F: IMPACTS OF TEST PROCEDURES

Impacts Of Conventional And Future Emissions Test Procedures On The
Assessment Of E10 Ethanol/Petrol Blends

Conventional Evaporative and Exhaust Emissions Test Procedures

Vehicle evaporative and exhaust emissions are measured in a sequence of laboratory tests
that attempt to simulate typical vehicle use in a metropolitan area during the summer
months. The conventional test sequence consists of:

. Vehicle preconditioning,

Preconditioning of a vehicle is critical to achieving accurate and repeatable
measurements of the vehicle’s evaporative and exhaust emissions.

. In the "SHED" evaporative emissions determination test procedure, after
preconditioning the vehicle is placed in a sealed enclosure. A measurement of
hydrocarbon (HC) evaporative emissions is then made during a "Diurnal Heat-Build"
in which the vehicle fuel tank is heated with a resistance heater (heat blanket) to cause
the temperature of the fuel at the geometric centre of the fuel to rise from 16 to 29.3°C
(an increase of 13.3°C) in 60 minutes.

. A 17.9 km drive cycle on a chassis dynamometer incorporating cold transient, cold
stabilised and hot transient cycles, during which exhaust emissions are measured, is
then completed.

. Immediately following the 17.9 km drive cycle the vehicle is again placed in the sealed
enclosure and the change in the HC concentration of the enclosure over a 60 minute
"Hot Soak" period is measured.

The actual methods used to carry out each step in the above test sequence exert a significant
effect on the emissions results obtained. Some of the more critical aspects for each of the
steps are now discussed.

Vehicle Preconditioning

Adequate vehicle preconditioning is critical to achieving accurate and repeatable
measurements of evaporative and exhaust emissions. The attached figures (1-3) show the
preconditioning procedures either recommended or adopted by various organisations. Fig,
4 shows the procedure adopted by NSW EPA/Apace study.

SAE 171 APR91 Recommended Practice (Fig 1) - describes a preconditioning procedure
which will result in adequate preconditioning but which is time consuming due to

repeating diurnal soak phases.

ADR37 Certification Procedure (Fig 1) - is very similar SAE J171 but does not provide any
guidelines as to the determination of number of simulated trips.
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Auto[Oil AQIRPINIPER Procedure (Fig 1) - has been developed specifically for the
determination of evaporative emissions to eliminate carryover where different fuels are
being evaluated. It is tedious but is reported to enable repeatable evaporative and exhaust
emissions measurements to be achieved.

FORS Study Procedure (Fig 2) - was used for the FORS in-service study. The procedure was
initially used for the Apace project but was found to be unsuitable as the results did not
accord with the traditional results for petrol and E10 petrol/ethanol blend. The NSW EPA
conjectured that the apparent high evaporative emission results achieved with petrol was as
a result of E10 blend being present in the car at time of delivery and undergoing at least one
and possibly two natural diurnal cycles while parked in the EPA compound at Lidcombe.

NSW EPA|Apace Study Procedure (Fig 2) - was adopted by NSW EPA to establish the
minimum number of highway purge cycles required to achieve stable vehicle
preconditioning as a result of the unsuitability of the NSW-FORS study preconditioning
procedure. It should be noted that the NSW EPA/Apace procedure bears some relationship
to both the SAE Recommended Practice and ADR37. Table 1 relates the step numbers to
those shown on Graphs 1(a) to 7(a).

[Table 1 - Step identification [

Step No Description
Petrol E10
1 As received condition Follows Step 10 of petrol
Refuel with petrol Refuel with E10

2 Highway cycle-Precon #1

3 Highway cycle-Precon #2

4 ADR27-Precon

5 Drain and refuel with petrol Drain and refuel with E10
[§] Temperature stabilisation

7 Diurnal phase

8 ADR37 & Hot soak

9 Highway cycle-Precon

10 Highway cycle fuel consumption

Graphs 1 (a) through to 4(b) and Graphs 6(a) to 7(b) show that there is a reduced purge of
the canister for the "as received" condition thus generally biasing the results to the second
part of the test. This is evidenced by the lower canister weight at Step 4 in the (a) series of
graphs for the E10 preconditioning compared with the weight of the canister for neat petrol
at the same point.

Graph series (b) were derived from Graph series (a) in order to estimate the minimum
number of drive cycles required to fully purge the canister. This appears to range from 3 for
a Ford Laser (Graph 6(b)) to 15 for a Toyota Lexcen (Graph 1(b)).

The exception to the above is the result for a Commodore VB shown in Graphs 5(a) and
5(b). The reduction in canister weight during a highway drive cycle is very small requiring
almost 21 drive cycles (predicted) to achieve minimum canister weight. The
preconditioning for this vehicle involved delivery to and from NRMA at Villawood for
additional repairs and therefore its previous history for Step 1 for petrol operation is
somewhat unclear.
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The major difference in the preconditioning procedure for the two fuels is the inclusion of
the 2 highway drive cycles (Step 10) following the hot soak period (Step 8) resulting in
additional preconditioning for the second part of the test.

The SAE Recommended Practice states that purging may be considered adequate when
repeated test cycles consisting of diurnal soak, drive cycle and hot soak result in canister
weights repeatable to within 5 g. This 5 g limit has been applied by EPA using the more
limited preconditioning procedure. In order to remove the current bias to the second part
of the test Apace believes that an additional limit of 2.5 g should be set for the canister
weights at Step 4 for the two fuels. ’

The "as received" (Step 1, Refuel petrol) condition can be considered as being equivalent to
Step 7, i.e. the vehicle has been driven for considerable distance (HWY #1, HWY #2, ADR27)
then followed by a natural diurnal soak, however no fuel change as per Step 5 had been
carried out. In every instance the "as received” canister weight (Step 1, Refuel petrol) is
lower than that measured following a diurnal soak shown at Step 7.

It is evident that the procedure adopted for the FORS program would result in a heavy bias
in favour of the second test. Originally it was proposed that the Apace project was to draw a
comparison with the much larger FORS database however this is no longer possible for the
diurnal phase as the preconditioning procedure necessary to obtain comparative data for
petrol and E10 blend is incompatible with that adopted for the FORS study.

The preconditioning procedure shown in Fig. 4 was finally adopted for the
remainder of the tests. The major changes are:

. 2 Highway drive cycles were added at the start of test procedure and prior to initial
test fuel charge;

. preconditioning fuel charge was at room temperature rather than 10°C; and

. the difference in canister weights at Step 4 was limited to 2.5 g for the two fuels.

Evaporative Emissions Measurement

A fundamental deficiency in the current "SHED" test procedure is that the "Diurnal
Heat-Build" phase does not correspond to an ambient equilibrium condition. The procedure
of heating the fuel to a predetermined temperature does not model an ambient equilibrium
condition in which the specific heat and heat of vapourisation of the fuel are able to exert
their effect. In particular the current test procedure does not permit a valid comparison of
different fuels having different physico-chemical properties. The U.S. EPA has adopted a
new evaporative emissions test procedure due, in part, to deficiencies in the current "SHED"
test procedure.

New Test Procedure

In the new "Multiday Diurnal" test procedure the preconditioned vehicle is placed in the
enclosure and the ambient temperature of the sealed enclosure is varied from 22°C to 36°C
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(an increase of 14°C) in 12 hours and then back to 22°C in 12 hours. This cycle is repeated
for a total of 3 days.

Using this procedure fuel temperature equilibrium conditions are achieved. The actual
temperature, and hence vapour pressure, of a particular fuel at a given ambient temperature
is dependent on the physico-chemical properties of the particular fuel.

In the U.S. the "Multiday Diurnal” test procedure replaced the current test procedure for the
emissions certification of 1996 model-year vehicles. Vehicle manufacturers must use the
multiday test for 20% of the 1996 MY, 40% of the 1997 MY, 90% of the 1998 MY and 100% of
the ensuing model-year vehicles.

Results from "Multiday Diurnal" tests, using a stand alone fuel tank installation instead of a
complete vehicle, conducted at NIPER show that the evaporative losses from E10 blend are
approximately the same as those from the base petrol. That is, although the ethanol causes
increased volatility (ca. 7kPa RVP), there is no corresponding increase in evaporative
emissions. This is thought to be due to the relatively high heat capacity and latent heat of
vaporisation of ethanol. These factors limit the peak fuel temperature and, therefore, peak
vapour pressure, which is the driving force for the transfer of fuel vapour to (and through)
the charcoal canister. Peak fuel temperatures in the tests conducted at NIPER were a
minimum of 1°C lower for E10 blend. Although this might appear small, the effect on the
quantity of vapour transferred to (and through) the carbon canister is significant (see
discussion below and SAE paper 892089).

Current "SHED" Test

ADR37 specifies that the fuel temperature rise over the one hour period shall be 13.3+0.5°C
measured at the geometric centre of the fuel (the fuel tank being filled to 40% of its
volume).

Because of possible difficulties in installing the temperature measuring device within the
fuel tank and the perception that tank integrity may not be re-established following the
installation of such temperature measuring device, methods have been devised to measure
the fuel temperature by sensing the fuel tank skin temperature.

In 1979 NSW EPA carried out a number of tests to determine the measurement relationship
between 2 J-type thermocouples, one installed within the fuel tank and the other mounted
externally to one side of the tank at the 20% fuel tank volume thus approximating the 40%
geometric centre of the fuel.

Graph 8(a) depicts the average temperature rise over 5 tests as measured with the
temperature rise controlled by the internal thermocouple. It can be seen that for an internal
fuel temperature rise of 13.3°C the skin temperature rise is only 12.12°C. Using the values
from Graph 8(a), for a skin temperature rise of 13.3°C the internal temperature rise is
calculated to be 14.7°C. This is shown in Graph 8(b).

Graph 8(c) shows the measured internal temperature rise of 16°C when the skin temperature
rise is controlled to 13.7°C. This graph shows the only result presented by any party which
actually used the skin temperature to control the temperature rise. The temperature rise
should have been only 15.1°C if based on Graphs 8(a) and 8(b).
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The calculated 14.7°C and the measured 16.0°C fuel temperature rises are both outside the
specified 13.3+0.5°C ADR37 specification,

The effect on the mass of evaporative emissions of this increased fuel temperature rise is
significant compared with the 13.3°C target. Graph 9(a) (Toyota Lexcen, TVM115, ULP)
shows the measured HC concentration (dimensionless) within the sealed enclosure and the
fuel tank skin temperature having a rise of only 12.8°C. It is estimated that the temperature
rise at the geometric centre of the fuel using a correction factor derived from Graph 8(c) is
approximately 14.95°C.

Graph 9(b) is rescaled to give a temperature rise of 14.95°C at the end of the 1hr soak period
and the HC concentration at 13.3°C temperature rise is taken as 100%. The graph clearly
shows that a 31% increase in evaporative emissions can be expected for the additional 1.65°C
increase in fuel temperature.

NSW EPA did not evaluate the effect of temperature rise from 13.3°C to 16.0°C on
evaporative emissions and therefore a comment was sought from NIPER, USA. Their
comment was that the increase in the mass of fuel vapour transferred to the canister for
fuels with a vapour pressure in the range of 80-86 kPa is 35-40% depending on which model
is used. Reddy’s model (reference SAE paper 892089) gives a 35% increase while the NIPER
model (reference Bill Marshall, priv. com.) gives a 40% increase. This is in reasonable
accord with the result presented in Graph 9(b).

Note: FCAI have indicated that motor vehicle manufacturers will generally only provide the
minimum evaporative system capacity to comply strictly with any regulations. Thus any
in-use testing procedure which results in test conditions exceeding ADR37 requirement are
unrealistic and should not be implemented.

The relationship between fuel temperature at its geometric centre and fuel tank skin
temperature is also fully described in a report prepared for the U.S. EPA in 1978 by Saip
Ereren, Olson Laboratories, Inc, titled "Evaluation of Thermosensing Devices to Measure
Diurnal Fuel Tank Temperature for In-Use Vehicle Testing" under contract No. 68-03-2411
and now published by U.S. EPA reference No EPA 460/3-78-003.

The analysis of the US study will not be presented here as there is little difference between
the average results from the US (1.1°C) and NSW EPA (1.2°C) results.

However the U.S. EPA report draws the following conclusions and recommendations:

. External sensors mounted on fuel tanks can be used to monitor the diurnal heat build
when testing in-use vehicles for evaporative emissions. The readings from these
sensors are closer to actual fuel temperature at midpoint of the 40% volume fill than
readings from thermocouples routed through the fuel cap.

. Resistance temperature detectors (RTDs) and grid thermocouples gave the most

satisfactory results among the external sensors,

. Bead thermocouples mounted on tank surfaces are not reliable indicators of internal
fuel temperature.
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Large thermal masses created by soldering and using adhesive might have caused the
sluggish temperature response. Also, inherent danger in soldering to a fuel tank, long
curing time for the adhesive, and questionable quality of the thermal contact achieved
with the adhesive made bead thermocouples less desirable than RTDs and grid
thermocouples.

. If the diurnal heat build procedure is modified so that the fuel temperature measured
by an external RTD is monitored to rise from 61°F to 82.5°F (16.1 - 28.0°C) within a
1-hr period then the actual fuel temperature will follow the desired 60.0°F to 84.0°F
(15.6-28.9°C) heat build.

(Note: In the FORS study the temperature controller was not modified to account for
the temperature rise for use with tank skin temperature measurement as opposed to
internal fuel temperature measuremernt.)

In the U.S. tests the fuel temperature was always raised the required 13.3°C controlled by the
internal thermocouple and the skin temperature measured. At no time was the result
reversed with the temperature controlled by an external temperature measuring device and
the fuel temperature measured. The only result available where this was carried out is by
NSW EPA during their 1979 series of tests and this shows that the difference between the
internal and external temperatures is significantly greater (Graph 8(c)).

Fuel Characteristics

The mass of evaporative emissions is dependent on the vapour pressure and temperature of
the fuel. Graphs 10(a) and 10(b) show the relationship between temperature and vapour
pressure for the various fuels together with the limits imposed by the temperatures used for
evaluating evaporative emissions. The effect of extending the temperature range used for
evaluating evaporative emissions results in increasing the evaporative emission from the
E10 blends at a greater rate than those from neat petrol.

Petrol and ethanol possess different specific and latent heats. The sensible and latent heat
have not been established for E10 petrol/ethanol blends however estimates based on
information contained in Chemical Engineer’s Handbook, Perry and Chilton, and SAE Fuels
and Standards Manual are shown in Table 2.

Table 2- Estimated fuel characteristics |

Fuel Specﬁ'ic heat Latent heat
kd/kg.K kl’kg @ 20°C

Petrol 2.01 302

Ethanol 2.40 896

E10 2.05 366

Note: The above values are calculated to indicate the possible differences in heat build up
conditions during an evaporative test.
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If it is assumed that a typical fill consists of 25 L and its temperature is raised by 13.3°C then
the specific heat requirement will be 490 KJ for petrol and 503 KJ for E10. If it is also
assumed that 0.035 kg (sum of typical gain in canister mass and mass of evaporative
emissions at Step 5) of petrol and 0.042 kg of E10 are evaporated then the latent heat
required will be 10.6 KJ for petrol and 15.4 for E10. Thus the total heat requirements are
500.6 kj for petrol and 518.4 kJ for E10, an increase of almost 4%. Measurement of the
heating blanket power consumption during this project shows an increase of 6% for E10.

This calculation and observation is consistent with the lower fuel temperatures achieved
during the new U.S. "Multiday Diurnal” procedure as noted on Page 3.

The effects of this increased heat requirement and the higher surface cooling effect of E10
on fuel tank thermal flows are not known but it is considered that they would affect the
relationship of the fuel temperature at its geometric centre to the fuel tank skin mounted
temperature control device.

Exhaust Emissions Measurement

The U.S. EPA has adopted an additional "aggressive" drive cycle for the determination of
exhaust emissions due to deficiencies with the current drive cycles. The fundamental
deficiency with the current drive cycles is that the exhaust emissions obtained do not
accurately model the emissions measured in real life urban air samples.

The oxygenated fuel program in Colorado, USA has shown much greater carbon monoxide
benefit than would be predicted from FTP (ADR37) tests. This could indicate that:

1. Severe driving, not represented in the FTP, constitutes a significant portion of in-use
driving.
2. In the FTP emissions from modern vehicles are much lower than from older vehicles.

However during periods of high engine load (accelerations) even modern vehicles go
into excessive enrichment which results in high emissions of CO and unburned fuel.
The effect of oxygenate blending is to reduce the excessiveness of enrichment, thereby
reducing emissions. The reduction works for both older and modern vehicles.

References
"Impacts of Current and Future U.S. Emissions Test Procedures on the Assessment of
Ethanol-Gasoline Blends", W. F. Marshall, Science Adviser Fuels/Engines Research, IIT

Research Institute/National Institute for Petroleum and Energy Research (NIPER), USA.
Private communication.
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Fig. 1 - Measurement of Fuel Evaporative Emissions
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Fig 2 - Measurement of Fuel Evaporative Emissions
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Fig 3 - Measurement of Fuel Evaporative Emissions
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APPENDIX F:
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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 NO, EMISSIONS
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FIGURE APPENDIX H:-3: SCATTER GRAPHS - EXHAUST - POST-TUNE CO EMISSIONS
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FIGURE APPENDIX H:-4: SCATTER GRAPHS - EXHAUST - POST-TUNE CO, EMISSIONS

Aldehydes
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FIGURE APPENDIX H:-5: SCATTER GRAPHS - EXHAUST - POST-TUNE FORMALDEHYDE EMISIIONS
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FIGURE APPENDIX H:-6: SCATTER GRAPHS - EXHAUST - POST-TUNE ACETALDEHYDE EMISSIONS
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FIGURE APPENDIX H:-7: SCATTER GRAPHS - EXHAUST - POST-TUNE ACROLEIN EMISSIONS
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FIGURE APPENDIX H:-8: SCATTER GRAPHS - EXHAUST - POST-TUNE 1,3-BUTADIENE EMISSONS
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FIGURE APPENDIX H:-9: SCATTER GRAPHS - EXHAUST - POST-TUNE BENZENE EMISSIONS
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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 EMISSONS
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Evaporative Emissions
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FIGURE APPENDIX H:-12: EVAPORATIVE EMISSONS- DIURNAL PHASE - HOLDEN COMMODORE VR
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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,
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1889/2190, 21879/21878, 21919/21918
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FIGURE APPENDIX H:-16; SCATTER GRAPHSFOR DIURNAL & HOT-SoAK
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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 especidly during the past few decades, human activities have increased the
amospheric levels of severa greenhouse gases. To name afew:

Carbon dioxide (CO,) 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) (Kedling).

Methane (CH,) 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 (NO) 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 globa warming.

Theintroduction of biomass derived fuels reduces the net emission of CO, when the full carbon cycle
is considered.

With a 10% v/v petrol/ethanol blend (E10) thereis a 1-2% increase in CO, 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 CO, emitted. Estimates of the reduction vary
widely and depend on severa factors including:

biomass source;

agricultural inputs including manufacture of fertiliser;
raw material transport;

chemical inputs;

effluent treatment and disposal;

distribution of ethanol fudl;

plant amortisation; and,

cogenerated electrical power.
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NRMA

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

heating vaue of 46.0 MJKg;

CO; 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 isincluded in the case of ethanal:

heating value of 26.8 MJkg ;

no contribution of CO, to the environment on combustion,;
energy input to sugarcane farming, mainly based on diesel fud;
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 CO, emission of 1.12 kg CO./kg
ethanol for ethanol sourced from sugarcane and 3.51kg CO,/kg neat petrol. On this estimate E10
blend would have a CO, life-cycle emission of 3.29 kg CO./kg E10, a reduction of approximately
6% compared to nesat petrol.

Apace Research

The caculation used by Apace is based on the paper "Fuel Ethanol from Cellulosic Biomass' by
Lynd, L.R. et a 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:

N=—"C,

1.
R

where f fraction of energy inputs met by fossil fuels;

CO; 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
_ 1+(3" E)
A+T+S+C+D+P
where; cogenerated electrical power;

agricultural energy inputs,

raw material transport;

steam and electricity process energy;
chemical inputsin processing;
distribution of ethanol fuel; and
plant amorti sation.

TOoOOWnWH>rm
1 T VI VI [ I T

where dl energy flows are expressed as fractions of the lower calorific value of ethanal;
and,

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

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

TABLE APPENDIX | :-1: CO, 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 thiswould result in the mass emissions of CO, shown in Table Appendix I:-2. A
2% increase in fuel consumption is assumed. Numbers in parentheses are the percentage reductions
compared to nest petrol.

TABLE APPENDIX | :-2: MASS EMISSONSOF CO,.

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 CO, 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 CO, life cycle emissions vary widely. For example John Sheehan of NREL quotes net
CO; 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).




