Downer ELECTRG MOTIVE

23 November 2012

Queensland Competition Authority
GPO Box 2257

BRISBANE

Queensland 4001

By email: rail@qca.org.au

Dear Sir/Madam

SUBJECT: QR Network Draft Amending Access Undertakng (DAAU) for Electric
Traction Services — Request for Further Comment oraft Decision

Electro Motive Diesel (EMD) and Downer Rail haveviesved QR Network’'s DAAU, the
draft decision of the Queensland Competition Autlio(QCA) and the commentary
submitted by the various interested parties aftebtethe DAAU.

We would like to confirm that we support the QCAaftirdecision and, in response to the
QCA's request for further comments of 8 October 20%ish to submit the following
commentary.

Shorter Headways

Diesel electric locomotive powered coal trains withve greater capability for reducing
headways compared to electric locomotive poweredngr With electric controlled
pneumatic (ECP) braking available now on the QRwigdt, train headways can be reduced
due to the shorter stopping distances. AdvancgdaBng systems now available in the
market can further reduce train separation. ECH advanced signaling systems can be
applied to both electric and diesel electric powet@ins however the number of electric
powered trains on the network will be limited by thower available from the supply system
and configuration of electrical sections of the @ypnfrastructure. Our view is that diesel
electric powered trains provide significantly highexibility and potential for increasing
capacity on the existing network with minimal inesed infrastructure costs. The costs of
implementing technologies such as ECP and advasigedling systems would need to be
applied irrespective of locomotive technology, hearediesel electric powered trains would
not require the additional electric supply infrasture that electric powered trains would
need to realize this increased network capacity.

Relative Performance of Electric versus Diesel Tramn
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A number of recent submissions highlighted the &igiower and thus theoretically faster run
times of electric locomotives compared to diesekilc locomotives. These submissions
however do not factor in maximum speed limitatiaors the QR Network. The latest
technology electric locomotives have larger whegld traction motors increasing unsprung
mass and resultant P2 forces compared to curresgldelectric locomotives. We understand
that electric locomotives are limited to a maximsjpeed of 80kph in the loaded and unloaded
direction. With their lower unsprung mass and B&ds, diesel electric locomotives can
operate up to 100kph in the unloaded directionr ths reason the overall cycle time for
diesel electric powered trains is comparable toexurelectric locomotive powered trains.

Downer Rail provided trip time analysis in theirtbgussion of 10 May to the QCA. This

analysis suggests the trip cycle time differencevben three electric locomotives and 102
coal wagons and four diesel electric locomotived &80 wagons is only approximately 5
minutes (over a total journey time of approximately5 hours).

Also, Downer Rail/EMD is developing a new narrowga diesel electric locomotive capable
of producing 4,500 BHP which represents a 36% as®ein power compared to existing
diesel electric locomotives on the QR Network. Sédhaew diesel electric locomotives will be
capable of hauling longer trains with similar cytimes and in some cases, three of these
locomotives will be able to haul the same load as fexisting diesel electric locomotives
with similar cycle times. Our analysis shows ttiese new diesel electric locomotives can
provide similar haulage performance as currenttetetocomotives and, with the lower
unsprung mass and P2 forces, can achieve overallasicycle times to the electric
locomotives.

Cycle Time

It is accepted that diesel electric locomotivesunexjregular refueling however as shown in
the Downer Rail submission of 10 May, with modeefueling systems this refueling time
can be reduced to approximately 5 minutes. Wihiédlihg dwell time may be higher due to
operational factors, such factors can be minimizét relatively minimal cost to reduce the
overall impact. For example, both diesel electial electric locomotives require regular
provisioning, inspections, crew changes etc antlifigecan be performed concurrently with
such activities to reduce net impact of fuellingatiime.

It should also be noted that fuel consumption amel fank capacity on the diesel electric
locomotive are such that, in many cases, this liefgiés required only every second trip, thus
halving the fuelling dwell time on a per-cycle lsasi

When factoring in the simulation calculations whisthow overall running time for diesel
electric trains to be within a few minutes of etactrains, we believe there is little discernible
difference in overall cycle time between electrivd adiesel electric powered trains with
similar loads.
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Other factors such as loading and unloading tinating at passing loops, waiting for train
paths etc provide much greater opportunity for imepment in overall cycle time compared
to electric versus diesel electric traction.

Competition in the Locomotive Supply Market

Both diesel and electric locomotive suppliers magor their locomotive designs to meet QR
Network access requirements. These design regeimsndo impact on development costs
and thus barriers to entry for new suppliers. Have in the case of diesel electric
locomotives, there is far greater opportunity focts development costs to be amortised over
a greater worldwide market potential for similaogucts. There are many rail networks
throughout the world including Asia, Africa and SmuAmerica where diesel electric
locomotives designed for the QR Network could beliead with minimal modification.
While similar heavy haul electrified rail networkdle exist (for example South Africa), the
worldwide market potential for electric locomotivessigned to QR Network requirements is
significantly lower.

Evidence of the relatively highly competitive marke diesel electric locomotives designed
to QR Network requirements can seen today withalternative narrow gauge diesel electric
locomotive products currently under constructioattbould operate on the QR Network in
addition to the existing diesel electric locomoteaed the new 4,500BHP model locomotive
being developed by Downer Rail and EMD.

This competition is already driving substantialuetibn in the capital cost of diesel electric
locomotives and it is our belief that further retioies in diesel locomotive pricing will occur
in the near future as this competition grows.

Whilst we agree there are a numerous locomotiveufaaturers capable of supplying electric
locomotives for operation on the QR Network, owwiis that the barriers to entry for new
electric locomotive suppliers is higher due to @R Network specific design requirements
for electric locomotives and the lower worldwiderdnd for heavy haul electric locomotives
with similar design requirements. This is suppbiby the fact that there has been only one
supplier of new electric locomotives for Queenslapération in the past 15 years and, to our
knowledge, there are no immediate plans for altemmeaelectric locomotive products to be
introduced on to the QR Network today.

Capital Costs

It is widely accepted that the capital cost of didecomotives today is significantly lower
than electric locomotives. Submissions to the Q@&e highlighted this, showing electric
locomotives to be approximately 30% higher cosowklver submissions to the QCA have
assumed more diesel electric locomotives wouldeleired to achieve a similar haulage task.
Our position is that our new diesel locomotive vii# able to haul a similar load with the
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same quantity of locomotives as in the electrimfootive case. For this reason, a valid
comparison of capital costs should not factor ighkr quantities of diesel electric
locomotives.

Also, whilst commercially sensitive information cemt be provided in this open forum, it is
widely accepted that capital costs of diesel eledtrcomotives has reduced substantially in
the past year as a result of supply chain and gtaduinnovations.

Maintenance Costs

Electric locomotives do require similar levels ofaimenance and overhaul, with the
exception of the engine. For example, electric argt bogies and traction motors,
miscellaneous equipment on both electric and dielssltric locomotives are fundamentally
the same and require similar levels of maintenamzk overhaul. The key difference is the
engine and associated ancillary equipment.

The whole of life maintenance cost describes thstscassociated with operating locomotives
over the course of their asset life, excluding gyecosts but including scheduled and
unscheduled maintenance, rotables, labour and negjaipment overhauls. Based on a
variety of data sources and industry knowledgeicalenchmarking values for diesel and
electric locomotive whole of life maintenance coats presented in Figure 1. Our analysis
suggests electric locomotives are approximately 8b&aper to maintain on a locomotive —
to — locomotive comparison basis, which is broadigsistent with submissions to the QCA
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Figure 1: Whole of life maintenance benchmarks.

Scheduled maintenance costs for diesel locomotavesigher than for electric locomotives
due to additional costs for items such as lubrieadil, oil analysis, coolant, oil and fuel filter
changes. By comparison, some components specifielectric locomotives, such as the
transformer and pantograph, do not incur similatligstantial maintenance costs.
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Wheel maintenance costs for electric locomotivey b lower than for diesel locomotives.
Firstly, the ability to configure the locomotive thia Bo’Bo’Bo configuration allows for
better radial alignment of wheels in curves, redgdlange wear; secondly, ~6% larger wheel
diameters can be expected to have an approxinatefr effect on wheel life.

The out of course maintenance costs for dieselnhatives are higher than for electric
locomotives due to out of course maintenance rela¢he diesel engine.

Similarly, capital maintenance costs for dieselolootives are higher than for electric
locomotives due to the need for engine overhaulelwlectric locomotives do not require.
Additional systems on electric locomotives suclpastographs do not have the same scale of
capital maintenance cost.

While we agree that overall maintenance costs iesal electric locomotives is higher than
for electric locomotives, our view is that thisfdifence is not as great as indicated in recent
submissions to the QCA. Such submissions suggeéstsdl electric maintenance costs to be
double that of electric locomotives however theakudations assumed higher quantity of
diesel electric locomotives for the same haulagk &s electric locomotives. As discussed
above, our new diesel electric locomotive can ashg@milar haulage tasks and cycle times as
existing electric locomotives so such analysis shassume similar quantities of locomotives
in both cases.

Also, when comparing maintenance costs of elesteisus diesels electric traction power,
electrical infrastructure maintenance costs shdaddconsidered. Typical annual electrical
infrastructure maintenance costs vary between 1% 3% of the capital cost of the
installatiorf. This is consistent with data provided in somensigbions to the QCA which

showed annual maintenance costs over 3% of theatagest. When factoring in the

maintenance cost of electrical infrastructure, teleclocomotive maintenance costs are
estimated to be three times higher than diesetreldocomotive maintenance. For example,
referencing the submission to the QCA by Toshib2®®Beptember 2012

Electrical Infrastructure Maintenance Costs: $&MDver 30 years
Electric Locomotive Maintenance Costs: $390M owveryBars
Total: $1,516M over 30 years
Diesel Electric Locomotive Maintenance Costs: $556M over 30 years

(assuming same number of locomotives)

Comparative Efficiency of Diesel and Electric Tracton

The ‘total efficiency’ of a locomotive reflects tlefficiency of energy conversion processes
which occur from the point the energy source (iesel, coal, natural gas, etc) is initially
consumed to the point at which some useful woekt(action) is done.
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It is noted that submissions to the QCA have suggedat the transport, refining and storage
of diesel should be included in the total efficiegn&uch an approach makes a number of
assumptions regarding the processes, efficiencies energy sources involved in the

production and transport of diesel fuel while noetaunting for the considerable energy

required to extract coal for the production of dliedy.

Based on the ‘total efficiency’ as defined abovesré is no material difference between the
total efficiency of diesel locomotives and electocomotives, as illustrated in Figure 2. The
efficiency of a diesel engine was estimated onltagis of typical diesel fuel consumption
values and an engine load profile applicable toe@skand. The efficiency of the traction
system was estimated based on traction curve data frelevant diesel locomotive. The
energy required to move the diesel fuel, as a @ortf empty and loaded consists, was
estimated based on the assumption that energy éegem loaded consists accounts for 70%
of all energy consumption. This estimate was coraie in that only the fully provisioned
condition was assessed and found that no moreQl&# of the energy output of a diesel
locomotive would be consumed in carrying diesel fna typical Blackwater consist.

The efficiency of the electric locomotive was asgelsby assuming that the energy would be
supplied by a coal fired power station with anaéincy of between 38% and 40%. Losses in
the 132kV power distribution network and 25kV etditation network were estimated based

on data from the UK which indicate total transnmossiosses are likely to be in the range of
4.5% to 7.9%. The onboard efficiency of the electoicomotive was assessed using typical
values for subsystem efficiencies.
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Figure 2: Total Efficiency of Diesel and Electrio¢comotives.
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While electric locomotives can gain efficiency impements through the use of regenerative
braking, such improvements are usually only redlisehere is another electric train on the
same section of track, which is under power, antthvls able to consume the energy being
dissipated by the braking train. Submissions ® @CA discuss the advantages of electric
traction due to regeneration of power from traimking back into the electrical supply
infrastructure. However, in reality, such regetierais limited and we would suggest further
investigation into actual achieved regenerationgroon the QR Network is investigated.

One reason that diesel locomotives have traditipnaéen less efficient than electric
locomotives is due to excessive time spent idliAgtomatic Engine Start-Stop (AESS)
technology shuts down the engine when given idtogditions are met. The EMD AESS
system reduces unnecessary idling time by more 8@d'. The implementation of this
technology needs to be considered when compariagetficiency of diesel and electric
locomotives.

The implementation of trip optimisation systemsagsist drivers in achieving a ‘golden run’
can assist drivers in reducing fuel consumptionweler, for electric locomotives, the energy
reduction gains achieved may be offset by reducéeinpial for regenerative braking.

LNG Locomotive Technology

As stated in the Downer Rail submission of 20 Septr 2012, EMD is developing LNG
engine technology for future locomotive applicaionThis development is being conducted
with EMD’s parent company Caterpillar Inc., as pafta larger development project for
Caterpillar off-road vehicles, including mining ¢ks. The LNG locomotive will be capable
of substituting 95% of the diesel fuel intake withNG with no impact on locomotive
performance.

Estimates suggest that, at todays pricing, fueltscdsr the LNG locomotive will be
approximately 50% that of a 100% diesel fuelledohootive. Figure 3 is provided by the
Bureau of Resources and Energy Economics and piseaertomparison of predicted energy
costs for oil (diesel), electricity and natural gabhis forecasts the movements expected in
energy price inputs compared to 2008-09 pricesodisted to 2008-09 dollars. This figure
supports the view that LNG fuel pricing will conti@ to be significantly lower than diesel
costs in the foreseeable future.

It is accepted that the LNG locomotive will have iarpact on locomotive capital pricing,
fuelling infrastructure costs and a minor loss aullage capacity (due to the need for a LNG
tender car). Such costs however are minor compgaréte overall fuel cost savings over the
life of the locomotive. It should also be notedttimining customers are interested in LNG
powered mining trucks and that fuelling infrastiuet for LNG locomotives could be
amortised with similar infrastructure for miningitks.
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Figure 3: Index of world real energy prices, 2008€0llard’

Carbon Footprint of Diesel and Electric Traction

Diesel locomotives have a lower carbon footprimtgnsity) than electric locomotives in
Queensland. The carbon intensity of a locomotiv@eisendent on the ultimate energy source
as well as the total efficiency of the locomoti@»al is an inherently more carbon intensive
fuel than other fossil fuels, such as diesel ouradtgas. The carbon intensities of diesel fuel
and coal fired electricity generation, along withe tefficiencies of diesel and electric
locomotives, were used to compare the carbon iityen§ electric and diesel locomotives.
The results are presented in Figure 4.
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Figure 4: CO2-e intensity of Diesel and Electrichmotives.

LNG is less carbon intensive than diesel ‘fuahd has the potential to reduce carbon
emissions further again compared to diesel teclgyoloThere are also a number of other
emerging or future technologies which have the mi@kto substantially reduce the carbon
intensity of locomotives. Biofuels are entering esspbread use and next generation fuel
sources are being developed which do not impadl f&iockS. EMD supports the use of
biofuels on its locomotives and has announced3kabiodiesel products can be used on its
locomotives with no impact on performance or maiateee costs. EMD is also actively
working with customers on fuel products with uR@o biofuels.

Carbon Tax

With the lower carbon intensity of diesel and LN@npared to coal, the impact of carbon tax
should also be considered. A treasury forecastcéwbon price is presented in Figure 5,
suggesting carbon tax will have an increasing irhpacoperational costs for rail operators in
the future. Any consideration of total cost of @nship should factor in the lower potential
carbon tax impacts of diesel and LNG compared & generated electricity supply.
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Figure 5: Carbon price forec¥st

Summary

Downer Rail and EMD believe the diesel electricolmotives provide more flexibility and

potential for reducing headways with lower infrasture costs compared to electric
locomotives. We are developing a new narrow gdogemotive with 36% more power

compared to the current diesel electric locomotiiéis new locomotive will be capable of
hauling similar loads to the existing electric lowtives with the same number of
locomotives. Simulations show overall cycle timfetloe diesel electric powered trains to
similar to that of electric locomotive powered trai

We agree that the electric locomotive market is petitive however question whether the
electric locomotive market in Queensland is as aitipe as the diesel electric locomotive
market as evidenced by the new narrow gauge deselric locomotives being introduced
into this market now and the lack of comparableratitive electric locomotives being
introduced on to the QR Network.

Downer Rail and EMD agree that maintenance costelctric locomotives are generally
lower than that for diesel electric locomotives.owdver, when considering the additional
maintenance costs of the electrical infrastructaine, total maintenance costs for electric
locomotives and infrastructure are approximatetgettimes that of diesel electric locomotive
maintenance.

Previous submissions to the QCA had suggestedrielgmwered locomotives to be more
efficient than diesel electric locomotives. Howewehen considering the efficiency of coal
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powered generation and losses in transmission, our view is that the overall efficiency of
electric and diesel electric traction is similar.

EMD is developing LNG powered diesel electric locomotives which have the potential to
drastically reduce fuel costs for operators. While fuelling infrastructure and locomotive
capital costs would need to be considered, such costs would be low compared to the large net
reduction in total cost of ownership of such locomotives.

Data provided in this submission shows carbon intensity of coal to be substantially higher
than diesel. Carbon intensity of LNG is also lower than diesel. The impact of lower carbon
emissions and lower carbon tax of the diesel and potential LNG locomotives is a significant
factor in total cost of ownership.

Regards

Danny Broad Matthew Dunwoodie
Senior Executive Area Sales Director
Downer Rail Electro Motive Diesel
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