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EXECUTIVE SUMMARY

This report outlines the fuel efficiency gains and economic benefits provided by use of Fuel
Technology's FTC-3 Combustion Catalyst in a trial comprising four Caterpillar 777C and D model
haul trucks operating at Eltin's Kanowna-Belle open pit operations.

Fuel efficiency gains measured ranged, for three of the four trucks, from a low of 4.4% to a high of
5.2%. Averaging 4.8% efficiency gain. One truck returned a lower gain as outlined in the Results
section.

The trial procedure enables fuel consumption measurements to be made with the truck operating
under normal mine operating conditions, monitoring haul times, fuel consumed, fuel temperatures,
distance traversed and payload carried.

The results of this multi haul-truck trial are reported in detail on the following pages. They confirm
that.-

1. The trial data has uniformity and reproducibility providing confidence III the
measuring technique and test protocol.

2. The measured difference in fuel consumption between untreated diesel baseline tests
and subsequent FTC-3 treated tests show an average 4% reduction in fuel
consumption.

3. The haul times are reduced on average 2.4% indicating increased power per unit of
fuel consumed.

The Kanowna-Belle open pit is a mature operation with a deep pit and long 1454 meter climb out.
Under these conditions the truck will be operating under full power conditions which is its most fuel
efficient mode but also its level of highest consumption.

The fuel consumption reductions monitored are in line with our database for these engines operating
at high load factors, namely 4% to 5%.



INTRODUCTION

This fuel efficiency study at Kanowna-Belle was initiated by Mechanical Maintenance Manager, Mr
Dan Gray. Four trucks were selected for testing in order to provide a more representative and
accurate assessment of the fuel efficiency potential that may be provided by the FTC-3 catalyst.

Two Caterpillar 777C units numbered DT289 and DT313 were selected for the trial. DT289 was
considered a problem truck by the drivers who claimed that it lacked power. Also included were
two of the latest model Caterpillar 777D units numbered DT342 and DT343. These latter two
trucks were new and had very low hours and are in peak mechanical condition.

Baseline tests were conducted between 3rd and 7th April and following a period of FTC-3 fuel
treatment re-tested between 1st and 5th May, 1997.

TEST PROCEDURE

The test procedure requires measurement of the mass of fuel consumed related to the work done in
hauling a measured load of ore over a defined reproducible distance.

A start point at a given distance from the base of the pit ramp is marked on the pit wall and a finish
point at the top of the ramp is marked with sighting pegs. The distance between the start and finish
point of the haul cycle is measured by surveyor's wheel. The distance of the haul route at
Kanowna-Belle was 1454 meters.

MacNaught Model M5 flow transducers, complete with thermocouple probes, are connected to the
truck's fuel tank outlet and return fuel pipelines. These transducers, which have been calibrated to ±
0.25% by a NATA Certified Laboratory, are then connected to a KEP Minitrol totaliser mounted in
the truck cab. The thermocouple probes are connected to a duel reading digital thermometer also
mounted in the cab workstation ..

As the temperature of the fuel can vary relative to ambient temperature changes as well as increase
significantly during a working shift, constant temperature monitoring is required to enable calculation
of the mass of fuel consumed each haul.

Prior to the test commencing a fuel sample is drawn and the density measured at observed
temperature and then corrected to the industry standard of 15°C by use of the Institute of Petroleum
Density Correction Table, Volume VIII, Table 53B.

Following loading of the truck at each cycle, allowing the load monitor to register, the load in
kilograms is recorded and the truck driven to the bottom pit marker and stopped. The Minitrol
totaliser and stopwatch are zeroed. At the signal "GO" the driver accelerates and the engineer
activates the totaliser and stopwatch.

To avoid driver variables the truck is driven at full throttle over the haul test circuit. Fuel
temperatures are recorded at the mid haul point and upon arrival at the pit haul top marker the



stopwatch and Minitrol totaliser readings recorded. Approximately twenty test runs were recorded
for each of the four test trucks.

TEST RESULTS

The individual results achieved by each of the four test trucks are shown in Table I below. The
results are reported as fuel consumed in kilograms/tonne (kg/t) which relates to a more accurate mass
measurement compared to the usual mine operations method of recording litres/hour (L/h).
However, to fully assess fuel consumed for a given amount of work done the formula:-

Distance travelled x load carried
Fuel consumed

Should be employed, thus reporting efficiency as tonne kilometerslkilogram (t km/kg).
(Koehler & Doglio, 1987)

TABLE 1

Average Fuel Consumption Reductions

Unit No. Truck Model Fuel Consumption Reduction Fuel Efficiency Gains
kglt tkmlkg

DT289 777C -4.5% +4.8%
DT313 777C - 1.4% + 1.7%
DT342 777D - 4.3% +4.4%
DT343 777D -4.9% +5.2%

Details of all data extracted during the trial program for each truck are shown in the following
computer printouts. The arithmetic mean has been calculated together with the Standard Deviation
and Co-efficient of Variation (C.V.)



SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Customer: Ehin Kanowna Belle
Date: 5/04/97
Truck No; DT289

Make/Model Cat 777C

Truck Weight kgs 60848
UNTREATED

Engine Hrs
Amb; Temp; Start deg; C
Amb; Temp; Finish deg; C

Circuit Distance Metres

9282
16.1
25.5

1453.5

Icue! Sample ~ensllY

.S 6orrectea
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Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel
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SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Truck No: DT289
Date: 1/05197
Truck Weight kgs 60848

Engine Hrs

Amb; Temp; Start deg; C
Amb; Temp; Finish deg; C

9645
16.7
18.7

Icuel Sample

orrected IDeI1SIIY IIemp no C I. ~:m ~----
TREATED
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SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Customer: Eltin Kanowna Belle
Date: 4/04/97

Truck No; DT313

MakeIModel Cat 777C
Truck Weight kgs 60848
UNTREATED

Engine Hrs
Amb; Temp; Start deg; C

Amb; Temp; Finish deg; C

Circuit Distance Metres

6022
17.8
18.3

1453.5

Kun 0 ime LOaO Kg HaU rme HaU rrne r-ues \ Lt) uer (Lt) ue. r emp Density ruei (Kg) rue' (Kg) r-uet \Kg} onne'km
Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel
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SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Truek No: DT313
Date: 3/05197
Truck Weight kgs 60848

TREATED

Engine Hrs
Amb; Temp; Start dog; C
Amb; Temp; Finish dog; C

6545
16.3

19.4
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Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel
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SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Customer:
Date:
Truck No;
MakeIModel

Truck Weight kgs

UNTREATED

Eltin Kanowna Belle
7/04/97

01342

Cat 7770
64359

EngineHrs
Amb; Temp; Start deg; C
Amb; Temp; Finish dog; C

Circuit Distance Metres

397
18.8

22

1453.5

Icuel Sample

orrectea
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Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel
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IZ 3.» II)OUU 6 '9 0.9. 94.4. IJ.UY ZI.JY 4'. ". U.• Z' U." '.91 ,9.1: 1~.19 0.1014 11.4654
13 4.1: 1280UU 7 40 7.07 105.11 81.80 23.2' 46.0 ~6.1 0.~24 0.817 80.01 66.~7 I~. V.IU~O .«<U
I· 4.4' I I)OUU OJ 0." ~4. I<.~U <I.<' 40.' '0. V.'~4 U.• I ., '~.'4 I•. UJ 0.100' 11.)6~3

c. 1130UU 7 04 7.07 9~.'JU "'.21 2U.69 41.1 ~6. U.~23 O.~II 78.91 61.42 17.4~ v.vseo .'I~O
o. IV/UUU Vb . IV ,." . ".J 20.74 485 , . V.'U V.'IO I~.V~ OI.OV '.'< V.IUU 1.• 4'U

Mean 1/]063 I.D <.. U' IO.U2I 0.1010 11.4639
Std Dev ~lbU.027 U.3232 U.~OJ U.~H 0.0010 0.1~04
1..-. v .~"/. ..,,, 4.1% .. . .0"/• .0"/•

SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Truck No: 01342
Date: 5105/97
Truck Weight kgs 64359
TREATED

EngineHrs
Amb; Temp; Start dog; C
Amb; Temp; Finish dog; C

890

8.2
22.7

Icuel Sample

errected

Kun No Ime Load kg HaU lime HaU lime rue (U) ue (U) rue r emp Density ue (kg uet (kg) r-ue! (kg) cnne/km
MIDS ISecs MIDS In Uul Consumed In OUt In OUI In Vul Consumed I!'er Tonne I!'er kg Fuel

.V, IV~UUU J' O.OJ .~.04 IV.'~ I~.U 37.8 4~.2 0.~29 V.,~. '•.~~ ,.... 10." V.V~'~ i."4~
2 '.J) I./OUU '4 O.W ~<.~< 1<." <V.VI J~. .~.V.e<. V.'<V IO.'~ ,~ .• < U.W40 IZ.Z044

~.40 119()()() IJ I.U 9:.)1 10.0~ ZU.• Z 41. ,I.. U.~Z U.", 'U.'~ OZ.~U I. ./9 U.09IU 11.94~3

~.V' IIJUUU 10 7.25 97.08 70.79 20.~9 42.~ 52.~ 0.~25 0.81~ 80.02 02.~3 V.IOUJ I.OII~

9.Z' 1140UU , O.~' ~J.U< IZ.~ <U. .,. ,.. U.s <. U.OJ 10.0< ,~., ·.U, U.U9'0 IZ.IMI
v.• , IIOUUU 0 58 0.97 93.Z5 73.09 ZO.16 40.1 ".3 0.~Z3 0.810 70.74 59.07 17.00 V.W" I~.~IW

IU.,U IU.UUU V. .U~ ~'.'V I'. ~V.JJ •.. '0 . V.'~~ V.e I .OJ 00." U.W~' ./4/0

~ 11.3: IIZOUU 04 .U. ~4./4 14.J4 ZU.4U ,V. ,.. V.'<V V.• I .0' bU.OJ U.09I2 1I.9~3:
9 IZ.OO 1130UU 0 ~2 e.s: 9Z.Z1 I2.Z4 19.91 ". '9. U.OJ9 U.HI ".» ,~. 10. 0.0946 IZ.3IZI

1<.10 lUUU '0 0.93 9Z.98 72.91 ZO.07 5Z.3 bU.Z 0.~19 0.813 70.10 59.Z~ 16.83 V.WOV r.z. IOJV
Z.V, I<,UUU J~ .,J IV~.~' 'V. ~ .. ,J JJ. .~. V.s JV V.'~. ...~ OO.~I 1'.04 V.W,4 .I«U

IZ Z.30 1150UU 6 ~8 OY 93.19 n.D 19." 3, . 'U. U.~Z9 U.82U .Z3 bU./] I1.U9 0.0953 IZ.1979
IJ ~.JJ IVWUU ,. o.sv 9Z.~4 72.97 19.~7 40.1 5Z.~ 0.~Z7 0.81~ 70.~0 59.70 .V, V.W'O ."'0
14 3. I) 1180UU D .<, v•. ·.'V <V.OI '1. ,.. V.,<O V.• I 'I.V' OJ.JJ U.09/· .914U
I: 3.40 IIZOUU 1 10 . 1 9·.UZ 10.20 ZU./O 4J. '4 . U.'25 U.81 8U,UJ OZ.29 1.12 O.IUU~ 11.590"1

Mean IJ'JJ 1.04 ~V. .JVI V.W/ . .~.
Sid Dev ~3U].1~9 U.2140 U."'O U.'442 U.OU2U U.238'

. v .. . 3.0"/• 2.1"/. 3.1"/. Z.I% 2.0"/.

Treated-Baseline
Baseline



SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Customer: Eltin Kanowna Belle
Date: 6/04/97
Truck No; DT343

Make/Model Cat 7770

Truck Weight kgs 64359

UNTREATED

Engine Hrs
Amb; Temp; Start deg; C
Amb; Temp; Finish deg; C

Circuit Distance Metres

395
17.2
26.3

1453.5

Icuel Sample

erfected

~enslty
0.83
.846

Run No lime Load kg Haul lime Hau rrne r-ue: (U) ruer (U) rue emp Density f-uel (kg) f-uel (Kg) uer (Kg) onne/xm
Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel

t>.), ,UUU\J J .O~ .V•. "" .,,. U.J: ., ou, V.'~I V.e~ .o,v~ Ol.V, WvJ U.IU~I II.HI.

Z 7.ZU 12()()()(J I Z~ 1031 IUU.IU ',;; 22,'; 4~,' ;J, o.sze U,'I~ .Z.11 bJ,;Z I~.I~ 0.1041 11.1255
'.0, '~'UW , 7.85 108.31 '4.Z5 Z4.06 4J.~ 53.8 0.8Z6 0.819 89.41 O'.~O ~VA' U.'UOJ ,U.• J

'.IU I~IUU\J I JJ ." 'UZ.~4 'U.IJ 22.Z' 44. '4. U.'Z, U.••• ".~J 66,Ub I' .s o U.IOI' IUn:
5 8.30 109000 6 58 b.~1 ~J.41 n.l~ ~U.J: 4'. ae.u U.'~4 U.s II n.U4 ;~,I: II.J I V.V". .IV Ii

•. 'U II t>U\JU ... %.49 75.33 ZI.I6 45.9 55.0 0.8Z4 0.818 79.52 61.59 .~J V.V~~. .00bl
I ~.I; I~WW 41 .08 'Ub.W '.UZ 2J.b' 'b. 'b. V.'~J V.•• b s», Z' e z.zu ZU.U' U.IU;; IU.~JU;

" .• u '~OU\JU 7 4Z 7.70 10b.ZO 8Z.;~ lJ.bl 41.b )I.U U.'~J U.8Ib ".3~ b7.41 1~.98 0.1050 10.9856
IO.JI IZUW ,. O,W "~.I) ".V' ~V.OI «r. ". V.'~J V.e /O lO.J' "."J 'A~ v.""" .1"'"

10 11.00 IU7{){)(J b ;~ e.vs ~J.~' 12.03 ZU.IZ ... 'b. U.'22 u.s ie Ib.b' '~.ZI '.4, U.IUI~ 11.4.UZ

.s» IUW 7 II 7.18 ~b.;4 l).4b ~I.U' 4~. ,.. U.'22 U."', N.J bDI I'.'U U.101 11.4'~4

IDU IUJUU\J •• b. t s ", .~I .1' ZO.IO 50.5 5•. 9 0.821 0.815 74.91 58.00 16.92 U.'V' I.b')(

U IZ.I: IU7UU\J b 'b b.~J ~Z.'Z IZ. 2V.04 " . bU. V.02U u.••• 'b.V~ ,..,,, .J' U.IUI· .'4UI
14 ".IU 1lUUU\J 10 7.17 %.49 75.47 ZI.UZ 3~.1 ;1.3 U.• Z~ U.• ZU 7~.~' bl.~1 18.07 0,1037 11.2009

I; Z.J: 111UU\J 10 .JU ~'.'b ·.bU s .zo • V. 'J. v.••• v."" .' .e~ bJ.'~ /o,2~ U.IU"" .,un
16 3.00 113{){)(J 7 re I.~. ~. Ib.04 ".1) .". '4. U.• ze U.8I .U .• U bZ.IU 1'.1' 0.IU21 11.4000

J.~V 'OW "" 7.15 %.40 75.5. 2U.'Z 44.b ;;.~ U.'Z; U.• 17 7~.53 er.r: 17.78 V,IVI' .'VI
18 J.4U II)UU\J 2 .J, "".J .~, ~...~ 4b. , . V.e~. v.e i .,.. bJ.b' rs.ze U.IUI 1.4108
19 4.05 IZ7{){)(J 7 3U DU IOJ.IJ N.22 ZJ.~I 4, . ,.. U.'ZJ U.'I) '4.'b O4.;~ ZU.ZI U.IU5~ 1O.'.U3
ZU 4.Z' IIZOW V. .IJ 95.62 74.1' 20.85 49.0 58.7 0.822 0.815 78.59 00.94 '.0' U.'VUI 1.0422

Mean 115650 7.2' Zl.b. 18.41: U.IOZZ 11.3751

itd uev ,.~ e. ,., V.JVI. I.Z5~' 1.0831 o.oozz V.~'/J
.v b." • '.''7. ,..,. ,.". . ~.''7. ~.".

SPECIFIC FUEL CONSUMPTION TRUCK TRIAL
Truck No: DT343
Date: 4/05197
Truck Weight kgs 64359

TREATED

Engine Hrs
Amb; Temp; Start deg; C
Amb; Temp; Finish deg; C

873
11.3

18.3

rei Sample

orrected I
Denslty IIemp ~eg t I.. ~m ~/'-----

Run No r ime LoaQ kg Hau r rme HaU lime ue (U) ue.(u} rue I ernp uensuy uei (Kg) uet (Kg) uet (Kg) onnetKm

Mins Sees Mins In Out Consumed In Out In Out In Out Consumed Per Tonne Per kg Fuel
'.j) IOJOW , 0." W .e I IV.O' ZO.ZZ 37.1 47.3 0.8Z9 0.8ZZ 75.36 58.08 .ze V.IVJ~ .J/4<..;; 10UUU\J 44 b.lj '~./8 b"."U I"." J". .~.V.• ". V.• ", ".jj ,:.j) Ib.~' v.lvjJ .j""J,.., II~UW 7 05 7.0. 94.46 n.n ZU.;4 4Z.Z ;I.~ U.•ze U.8I~ I •. UU blD3 11.41 U.W~I IUb3~

IU.jv I~UUU\J Ut> .10 ~,., I'.b' ~V.'O .~.ou. V.'~O V.'~V 10.'0 0, .1' '.0> U.""'" I~.UII'
I LOU 1~3{){)(J I~ .~v "., . I)."b "U.>3 'J. ,,,. U.e2' U.• I. tv.s» b .. ,. v.""., '''.I~

.JV I~~UW 7 I. ·1.3U ~..;~ .1 ~.4" 4'. '4. v.'''4 U.'1. '1." es.ue 10. U.""I' 11.'

'~.U' IUOW ., 7.Z5 ~7.11 75 .•• ZI.23 40.1 ;4. U.• Z3 U.• 11 N .• I bZ.UU 11.• 1 U.W;~ 12.U;~1

I~.JU 19000 I) .2' >'.20 lb. ~I.U' .,. '0. U.'U U.'I· I>.>J O~.IO U.U~O~ .",
9 IZ.50 117{){)(J 1 W 1.1; ~;.'J 1;.Uj ~U.• U 4•. 'b. U.• ", U."' I•. b. b, .10 '.'U U.U~b' 1~.UjI4

IU20W ,. 0." W.>I 'U. ~V.I' 'V.' 58.2 0.820 0.81 74.56 57.64 10,'J V.IVI .,. ee

II 1.3: l~bOW "" .1) ~'.Ib ' •.• 1 2U. 'U: ,.. V."V V.e I. .". bU.'" .J> v."'" 12.02"

~.'V UZ{){)(J 7 33 '.;; IU~.ZI 'U.22 "I.,," jb .' 4•. U.• .su v.," .... eo.s 10.'" U.""b' ."UJ)
J . ., IUUW 7 I' 7.2. ~'.44 Ib.;1 ZU.>3 J'.' '1. U.• ~. U.• I> 'U.IU b2.bl IO.UJ U.Wb' II.~'~'

J.J: IU.OW 44 O./J W.V' IV.'~ I'.O~ 'V.' 5Z.6 0.8Z7 0.818 74.45 57.6Z 16.82 0.W76 11.9803

15 3.55 II~{){)(J e 4b b. W.jl 'U.,. 1>. '2. 03. U.ez o V.e I. ,..,. ".O~ 10.", U."",. .".Ib'.. I~'OW 10 7.Z7 97.6~ 76.68 ZI.OI 4J.1 ;4. U.• ~; U.• I 'U.5b ez.ee I .~U 0.W45 IZ.ZUI

I 4AU I~UUU\J 2U .jj ,,".j~ ~u~ 44. 55.0 0.8Z4 0.817 81.00 6Z.96 1•. 04 0.0978 .e J.I

18 5.00 104{){)(J 6 Z. b.41 ".J! b".» I>.U" 4b., ". U.'''J v .., '''.1'' 'b.bJ Ib.U" U.""'b 1"."/bl
,.~, IUUUV ., 6.75 9Oo3~ 7U.61 I~. 4b: 'b. U.• 22 u.aie 14.J4 Y'.bl lb. U.W;~ 1~.lbl:

:Mean 1151JI '.Ut> ~V.'" .... U."", ."o.~
,td uev ~U'.OI 0.Z799 U./J •• U.b''''' U.W~~ U,JUJb

I""v '.V"/. '.V"/. J.6% j.I,-. J.V"/. ~.,,-.
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To prove the statistical significance of the difference in means between baseline and treated tests a
Student t-test was performed.

Units DT289, DT342, and DT343 show that the difference between FTC treated and untreated test
means are significant at a 99% confidence level.

Unit DT313 showed a slightly lower confidence level between FTC treated and untreated test means
of95%.

CONCLUSION

The results of this extensive multi-truck evaluation of the FTC-3 catalyst at Eltin's Kanowna-Belle
open pit operation provides accurate and conclusive evidence of economic fuel consumption
reductions.

The measured efficiency gain of the four truck test fleet represents a 4% improvement. If the results
of DT313 are discarded as an outlier then the average of the other three trucks is a 4.8% efficiency
gam.

The reduction in haul times also confirm that the FTC family of catalysts improve combustion
efficiency resulting in increased power per unit of energy consumed.

Efficiency gains measured in the Kanowna-Belle test fleet, under normal operating conditions,
correlate well with other haul truck tests conducted and also static carbon balance testing on this class
of equipment over the past fifteen years.
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