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EXECUTIVE SUMMARY

Fuel Technology Pty Ltd initiated trials with F K Kanny & Son in Western Australia mid
1987. Initial carbon balance trials were conducted on two low loader prime movers.
Following the success of these trials in reducing fuel consumption under a given load
condition, trials were conducted at the Golden Valley minesite in Western Australia on a
fleet of Caterpillar 773 dump trucks which showed a 7.4% reduction in fuel consumption
following FTC treatment of fuel.

A number of further tests were conducted at Kanny then MacMahon contract sites,
namely Eneabba, Orebody 25, Alcoa, Youanmi and Kurara.

The fuel at all MacMahon contract minesites in Western Australia is FTC treated.

Following discussion with MacMahon's Eastern Region Maintenance Management,
agreement was reached to evaluate the performance of FTC in a Caterpillar 777C at
Giralambone minesite employing the engineering standard Specific Fuel Consumption
test procedure.

The baseline data collection was initiated on 11th September, 1996 on truck number
2287, operating in the Murrawombie pit.  This pit was selected because of its maturity
and the deep haul out. Mining in this pit is intermittent and a return for treated tests
was delayed until 14th November, 1996.

The reduction in fuel consumption measured following FTC treatment was 7.6%
following correction for variation in inlet air temperature.

TEST PROCEDURE

The purpose of the Haul Truck Volumetric Fuel Measurement test is to accurately
measure the actual volume of fuel consumed corrected to mass in kilograms against the
work done, tonnes hauled.

A start point at a given distance from base of pit ramp and a finish point at the top of the
ramp was marked with sighting posts.  The distance between the two, namely 947

metres, was measured by a surveyors wheel and this distance used as the test cycle.

Flow transducers fitted with thermocouple probes were fitted to Dump Truck No. 2287
fuel tank outlet and inlet pipework (Photograph No. 1).

These transducers, calibrated to + 0.25% by a NATA Certified Laboratory, were then
coupled to a Minitrol totaliser mounted in the cab (Photograph No. 2).
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Because the temperature of engine return fuel is considerably higher than inlet fuel
together with the fact that the fuel temperature continues to rise during the working cycle
which results in density variations, the fuel temperatures at each flow transducer was
measured via a Fluke dual readout digital thermometer also mounted in the cab.

Prior to the test commencing a fuel sample was drawn from the test truck and density
measured at observed temperature.  Density was then corrected to industry standard of
15°C using the Institute of Petroleum Density Correction Table, Volume VIII, Tables
53B and 54B.

Following loading of truck 2287 for each cycle and allowing the load monitor to register,
load in kilograms (kg) was recorded from the truck's onboard Payload Monitoring System
(Photograph No. 3). Upon arrival at pit ramp marker the test truck stopped and the
Minitrol totaliser and stop watch were zeroed. At signal "GO" the driver accelerated
and the test engineer activated the stop watch and Minitrol totaliser.

To avoid any driver variables the test truck was driven at full throttle over the pit haul
ramp test circuit which allowed the test truck to automatically change from first to
second gear only.  Fuel temperatures were recorded and upon arrival at the ramp top
marker the stop watch and Minitrol were stopped and readings recorded.

Tests were conducted throughout the day on all available runs.
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TEST RESULTS
CATERPILLAR 777C DUMP TRUCK; MURRAWOMBIE PIT

FTC-1 treated and untreated fuel consumption has been calculated in kilograms from the
litres consumed, corrected for fuel temperatures and density.
tonne of ore moved has then been calculated and the arithmetic mean determined. As
there was a substantial average ambient temperature difference from baseline at 14°C and
treated at 33.5°C, Caterpillar correction factors have been applied to the data which
result in a change of efficiency. A copy of Correction Table is included in Appendix "B".

SPECIFIC FUEL CONSUMPTION TRUCK TRIAL

Kilograms of fuel per

s MacEaRGH Fod Sample Density | Temp Deg C
Truck No: 2387 Eng Hrs 7267 Ambient Temp; 14 Deg. C (57.25) 0.845 253
Date: 11/09/96 Correction Factar  0.933 Corrected 0.852 15
UNTREATED
RoaNo | Time |Loedkg | Had Time|Had Time|  Fod (L) Fod (L) | Fud Temp Deasity Tod (k) Fod (kg) | Fud (kg) | Correcion
Mins |Secs| Mins h Out |C d| m| o] m| ow] m | ouwt]c d | PerTonne | For Amb;
1 7.10] _106000] 3| 45 5.75] 3102|6559 1543 217] 3538| 0.343] 0.338] 68.66| 5494 13.73 0.1295 0.1317
2] 73] _112000] 3| o4 507]  36.98 70.75 1623] 26.1] 39.5| 0.344] 0.335] 7345] 59.07 14.33 0.1234 0.1306]
3] 3.4 119000] 6| 03 6.05] 8697 70.61 1636] 36.7| 46.8| 0.337] 0.830] 72.79] 5859 14.19 0.1193 0.1213}
4 9.00] 113000f 6] 06 6.10] 87.31] 70.34 16.53] 39.4] 492] 0.335] o0.828] 7295 s%.66 14.29 0.1211 0.1237
5| 10.30] 11a000] 6| 03 5.05 87 7036 16.64] 47.0] 524 0.330] 0.26] 72.15] 5810 14.07 0.1234 0.1256
6| 10.ss| 111000] 5| 43 s75| sL1| es: 15.78] _482| s44] 0.329] o0.824] 67.22] s3ss 13.37 0.1204 0.1225
7] 1145] 11a000] 6| 04 5.07] _ 872] 70.59 16.61] 49.1] se.1| o0.528] 0823] 7221] sai1 14.10 0.1237 0.1253]
3] 1245 110000] 3| 43 s72]  31.24] 6513 15.41]  35.5] 46.6] 0.838] 0.830] 6%.06] 54.63 13.43) 0.1221 0.1242]
s 10| 124000 6| 15 §25| so.u1| 7237 16.74] 382] 27| 0.836] 0.826] 74.49] 59.75 14.74 0.1139 0.1209
10| 123 123000] 6| 19 625] 39.19] 2.4 16.75] 40.9] 523| 0.334] 0.826] 74.33] 39.83 14.55 0.1133 0.1203
1 1.45] 127000] 6| 13 622 3354 L3 16.71] 44.0] 543| 03%2| 0.825] 7365 39.2 140 0.1136 0.1155
12 2.05| 111000 3| 43 5.75] _$2.14] 66.70 15.44] 465 55.1] 0.330] 0.324] 63.13] 54.95 13.22 0.1191 0.1212
13 225 115000] 6| 11 6.18] 38.34] 1LD3 16.71] 43.3] 55.7] 0.829] 0.824] 7337] $9.15 1422 0.1237 0.1253]
14 2.50] 10m2000] 5| s3] 533] 3319] 61.13 16.06] 50.0] 33.6] 0.823] 0.821] 6834 355.14 13.70 0.1343) 0.1366
13] 3.10] 123000] 6| 09 6.15] _87.75] 7101 1674] SL3| s587| 0.827] 0.821] 72.53] 5833 1421 0.1155 0.1175
16 3.40]  sw000] 4] 57 295 70.93] 57.53 1340] 52.7] 57.6] 0.826] 0.322] 58.56] 47.30 1126 0.1391 0.1415
Mean 113125 5.39 16.10 13.367 0.1231 0.1253]
5td Dev 1094151 0.3913 0.8779 0.3204 0.0067 0.0069)
cV 9.7%) 6.6%) 5.5%) 5.9%) 5.5%) 5.5%)
Fodl Sample _ |Deasity  [Temp Deg C
Date: 141196 Eng Hrs 7540 Ambieat Temp; 335 Deg. C (92.4F) 0.3% 2.3
Comecion Fadtar  1.013 Corrected 0.351 13
TREATED
Ron No Time |Loedkg |Baul Time|Had Time Fud (LY Fed (L1) Foel Temp Deasity Fod (kg) Fod (kg) Foed (kg) Correction
Mins |Secs | Mins In Out |Consumed | W | oOuwt| m | ow | m | ow |c d_|Per Tonne | For Amb;
1 1L.00] 97000] 5| 36 5.60] 78.10] 6343 1467 60.5] 659] 0.819] 0.816] 64.00] S5L.73 12.26 0.1264 0.1243
2| 1125] 100000] 5| 36 5.60] 73.33] 6313 1520] 612 65.7] 0319] 0.316] 6419 SL34 12.65 0.1265, 0.1249
3] 1L5| 114000 3| 43 55| 80.54] 6437 1617] 620 66.0] 0318 0816 6591 52.49 1341 0.1177 0.1161]
1 1.10] 116000] 5| 44 573 80.36] 6433 15.53] _49.4] 74| 0.827] 0.822] 66.47] s326 1321 0.1139 0.1124)
s 1.50] 102000 3| 31 5.52]  77.46] 6265 1431] 57.4] 615] 0822] 0819 6364] 5129 12.35 0.1211 0.1195
G 2.00] 112000] 3| 44 573]_80.19] 64.70 15.49] 35.6] 622| 0823] 0.318] 6598] 52.94 13.04 0.1165 0.1130
7 2.35] _125000] 6] 17 628] 88.73| L1 17.01] _36.3] 632| 0322] 0.318] 72.94] 58.63 14.30 0.1144 0.1130)
3 2.55| _116000] 6| 11 5.18] 8737 7161 15.76] 85| 643] 0.321] 0816] 71.71] S53.45 13.26 0.1143) 0.1123]
9 320 112000] 3| 49 s52| 8803 7237 15.46] 59.3| 66.0] 0.820] 0.816] 72.18] 39.18 12.99 0.1160 0.1143)
10 340] 112000] 6] 03 6.08]  36.67 7L13 15.2] 613 67.2] 0.319] 0.315] 70.97] 57.96 13.01 0.1161 0.1146
11 4.00] 130000] 6] 19 6.32] 3851 L% 17.19] 623 67.5] o0s318] o0.814] 72.41] Ss.08 14.33 0.1102 0.1083
12 420] 121000] 6] 06 5.10]  36.64] 70.03 16.61] 632 673 0.813] 0.314] 70.33| 57.02 13.31 0.1141 0.1127
Mean 113083 539 15.79 13219 0.1173 0.1158
Std Dev 9339.233 02138 0.3072 0.6637 0.0050 0.0049
c.V 3.7% 4.3%) 51%) 3.1%) 1.3% 43
"% CHANGE: Losd kg Bad Time Fod (LD Fud (kg) Fud (kg) | Fod (kg)
Treated-Baseline Mins Consumed Consumed Per Tonne Per Tonne
Baseline 0.0%) 0.1% -1.9% 4.7 4.8%]| -7.6%
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Graph 1 plots the truck's fuel efficiency over each test phase.
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Graph 2 plots the truck's fuel efficiency over each test phase when Caterpillar correction
factors are applied.
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FUEL EFFICIENCY CHANGE

Fuel Efficiency Kg/Tonne
Uncorrected for inlet air temp Corrected for inlet air temp.
Untreated 0.1231 0.1244
FTC-1 Treated 0.1173 0.1155
% CHANGE -4.8 - 7.6

STUDENT'S t-TEST

To prove the statistical significance of the difference in means between baseline and
treated test a Student's t-Test was performed.

Formula: t = X1 - X2
(n] - 1)S12 +(np-1)Sy2 t+1
(np-np-2) nj +np
Hypothesis: Ho: Up-Up=0
Hi: Up-Up#0
where:-
Baseline Treated
x1 = 0.1253 x2 =0.1158
ny =16 ny =12

S1=0.006861369

S> =0.004934616

Confidence Level = 99%
a = 0.005
degrees of freedom = 26
Cntical t value = 2.779
t = -4.06

Since -4.06 is outside the range +/- 2.779 we reject H, and accept Hy and conclude that
the difference between truck efficiency means is significant at a 99% confidence level.

T-test spreadsheet 1s included in the appendices.
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CONCLUSION

Fuel efficiency studies applied at MacMahon Contractors Giralambone site provide clear
evidence of reductions in fuel consumption following the introduction of Fuel
Technology's Combustion Catalyst, FTC-1.

This efficiency gain measured in a normal working environment correlates well with
previous tests conducted for MacMahon Contractors by the "Carbon Balance" AS2077

method.

The measured average reduction in kgs fuel per tonne of ore moved represents an 7.6%
efficiency gain following the introduction of FTC-1.

The Student t-Test confirms that the difference between untreated and treated tests are
significant at a 99% confidence level.
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Photograph No. 1 - MacNaught Model M5 flow transducers installed on the test truck

Photograph No. 2 - The in cab work station, Minitrol rate meter, Fluke digital
thermometer and quartz crystal stop watch.
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CATERPILLAR :
PAYLOAD MEASUREMENT SYSTEM

Photograph No. 3 -Truck on board payload measurement system.
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Appendix "4"

TEST WORKSHEETS
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Appendix "B"

CATERPILLAR AIR TEMPERATURE CORRECTION TABLE



Correction Factors

As explained ia the first section of this gulde, engine
power will be affected when the conditions in which an
¢ngine is operated or tesled are different than the Stan-
dard Test Conditions. When you test an engince for a
perlormance complaint, it is important that test condi-
tions be evaluated to determine thelr possible effect on
powur. This can be accomplished In two ways by using
carrection lactors. A percentage effect can be calculat-
vd. or I wheel harsepower is measured, a corrected
wheel horsepower can be caleulated. In either case. the
use of correction lactors will provide you specific Infor
maliun ta help explain to the customer how the operat-
ing environment of the engine affects its power.

In simple form, Standard Test Conditions are:
s Fuel Density: 35 APl corrected to 60°F

e Fucl Temperatlure: 85°F measuraed at the cac-
ondary fuel f{ilfer
o Air.Prassure: 29.61 inches of mercury

¢ Air Temperature: 77°F at turbo intake (or
JWAC (110°F In the inlet manifold for ATAAC)

Aspart of a loaded engine test, these variable must be
measured af each lest speed for proper cvaluation of
test conditions. The test conditions may change enough
during the test to alfect power at a glven test speed.

A Correction Factor Chart is provided {or each
variable to delermine the individual correction [actors.
The individual correction factors are then multiplied
together 1o ohlain a Total Correction Factor. A Correc:
tion Factor Worksheet, procedure number 2000R is
provided to simplify the calculation of the Total Correc-

tion Factor for cach test speed. The Total Correction’

Factor for each test speed is then easily converted to
represent a percentage effect on power or multiplied by
the Observed Wheel Horsepower to determine Cor-
rected Wheel Horsepower.

SRl s et e,

An example of the use ol Correction Factors is given

below:
Example:

The cngine rating is 400 HP at 2100 R’M with
jacket water aftercooler (JWAC).

This equals a 21 HP net effect on power because of 5
difference in Actual Test Conditions versus Stanclar
Tests Conditions. If the engine was tested on a chassis
dynamometer with Standard Test Conditions, the Oh
served Wheel Horsepower at 2100 RPM would have
been 341 Wheel Harsepower and the Tatal Carrection
Factor would have been 1.00.

The Total Correction Factor can also be a numbe
less than 1.00 To delermine the percentage effect on
power, subtract the Total Corruction Factor from 1 QC
and multiply by 100. Corrected Wheel Harsepower 1
stifl calculated by multiplying the Ohbserved Wheei
Horsepowar by the Total Correction Factor When the
Tolal Correclion Factor is less than 1.00, the actua
test/operating conditions cause the power to be bettos
than the power at standard conditions. This is one
reason why a complete Customer Problem Description
obtained during the Customer [nterview is so impor
tant. Power can vary substantially from a cold day to »
warm day or from one tank fill to the next. The Custorn
er Problem Description asks: Under what caondifions
the problem exists? Your knowledge of Correctior
Factars will help you formulate the type of questions ¢
ask during the Customer Interview.

NOTE
Correction Factor charts for both Heavy Duty

and Medium Duty Engines have been included
in this quide.

* ACTUAL TEST COHDITIONS AND OBSERVED WHEEL HP AT 2100 RPM

Fuel Temparature Air Temparature Alr Prazsuro Fuel API | Wheel
at Filter al Turbo Intake (Barometric) 31 60° F Horsepower
100° F Q5° F 30 "Hg 40 320
TT{015CF x_ 1.015CF x 1.004 CI x 1031 CF T 21066 TCH

A Total Corroction Factor ol 1.066 aquals a 6.6% afloct on performance.

320 Observed Wheel HP x 1.068 = 341 Corroclod Wheal HP.

GF « Correrclion Fa(f.!or
TCF < Total Corroction Factor



CORRECTION FACTORS FOR HEAVY DUTY ENGINES

- INLET MANIFOLD AIR TEMPERATURE"
CORRECTION FACTORS FOR ATAAC ENGINES
TTINLET MANIFOLD CORRECTION |
TEMPERATURE FACTOR
s o
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T ss Y YR
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INTAKE AIR TEMPERATURE CORRECTION
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1 Measure between ar cleaner ang lurho intake

2 Standard valuc.
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Appendix "C"

STUDENT'S t-TEST



[t test: Two Sample Assuming Equal Population Variances

Company MacMahon Contractors
Site Giralambone
Test: Untreated
Record kg Load kg Fuel kg Fuel/Tonne Load Correction For Amb.
1 106000 13.7263 0.1295 0.1317
2 112000 14.3767 0.1284 0.1306
3 119000 14.1930 0.1193 0.1213
4 118000 14.2913 0.1211 0.1232
5 114000 14.0719 0.1234 0.1256
6 111000 13.3659 0.1204 0.1225
7 114000 14.1006 0.1237 0.1258
8 110000 13.4306 0.1221 0.1242
9 124000 14.7384 0.1189 0.1209
10 123000 14.5473 0.1183 0.1203
11 127000 14.4237 0.1136 0.1155
12 111000 13.2221 0.1191 0.1212
13 115000 14.2211 0.1237 0.1258
14 102000 13.6991 0.1343 0.1366
15 123000 14.2065 0.1155 0.1175
16 81000 11.2644 0.1391 0.1415
Mean 113125 13.87 0.1231 0.1253
Std Dev ) 10941.51117 0.820350727 0.006744726 0.006861369
Observations 16
Test: FTC Treated
Record kg Load kg Fuel kg Fuel/Tonne Load
1 97000 12.26 0.1264 0.1248
2 100000 12.65 0.1265 0.1249
3 114000 13.41 0.1177 0.1161
4 116000 13.21 0.1139 0.1124
S 102000 12.35 0.1211 0.1195
6 112000 13.04 0.1165 0.1150
7 125000 14.30 0.1144 0.1130
8 116000 13.26 0.1143 0.1128
9 112000 12.99 0.1160 0.1145
10 112000 13.01 0.1161 0.1146
11 130000 1433 0.1102 0.1088
12 121000 13.81 0.1141 0.1127
Mean 112364 13.17 0.1176 0.1158
Std Dev 9982.71233 0.673589447 0.00513948 0.004934616
Observations 12
kg of Fuel/Toone
Corrected For Amb.
Mean % change | -7.6% j
Confidence Interval 99%
Alpha 0.005
Degrees Of Freedom 26
t Critical Value [ 279 1
Hypothesis Ho:uy-u=0
Hi:uq-up>0
t= | 4.06 |

'Conclusion:

Since t= 4.06, is outside the range +/- 2.779 we reject H, and accept H; and conclude that the difference between FTC treated
and untreated test means are significant at a 99 % confidence level.
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