INTERMITTENT
ELECTRIFICATION WITH
BATTERY LOCOMOTIVES

AND THE POST-DIESEL
FUTURE OF NORTH
AMERICAN FREIGHT
RAILROGCADS

Alex Lu
Engineering Archive John G. Allen

http://www.lexciestuff.net/bel/




“.;_;.‘;"'t.., SRR "¢ . e ] "ﬂ)‘.‘?‘.ﬂ.‘“_._‘j"s::!‘.‘“".?’ L g

‘.". Le ,’- . .
RIS S O o
- 7”1

ed -

\ : : o Lo Y S bt | et .
*'\‘ Diesel-electric locomotives have served freight railroads very well. But
8¢ attitudes about fossil fuels are changing, and it is only a matter of time
i before freight railroads come under scrutiny for their greenhouse gas
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storage leaves much to be desired, and the high capital cost of electrification scares the
industry away.
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Although electrification never reached more than 1% of total US railroad route -mileage at its
peak between 1938 and 1946, electrics were crucial in certain major service lanes during
the steam era, especially during World War II.
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Then diesel -electrics became the universal motive power of choice, and
even during the energy shortfalls of the 1970s, the much -discussed
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Canadian Rockies, shown here, and a short
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hundred -mile freight corridor in Mexico.
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., The same is true for these locomotives that one regional railroad has
converted to run on natural gas, stored |n & tender between the two unrts
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The answer may lie in partial electrification, which because of changing
technology does not mean what it/did in.the 20th century. Our research
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BATTERY-ELECTRIC VS, DIESEL
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Lineart by RailToonBronyFan3751at DeviantArt (CC-BY NC 3.0)
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BATTERY-ELECTRIC VS, DIESEL

5,000 gals 3,750 gals 2,500 gals 1,250 gals Refuel
190 MWh 142.5 MWh 95 MWh 47.5 MWh

T zxnsl| vy remerguig techmolpgy of battery -electric
locomotives. The top row shows how it works now with diesels. Two
diesels each with 5,000 -gallon tanks get you about a thousand miles

with an 8,000 ton train, depending on terrain. With battery -electrics,
nyux f qnyyqgj rtwj htrugnhfyji 1 fx
the time spent under the wires, not on distance. But if we imagine a

40 -mile -per -hour average speed, we get the general rule of thumb 200
miles under the wire, 200 miles off the wire, and so on, as shown on

the bottom row.
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So.we woulq see battery -glectrics running CHARG I NG TH ROUG I‘l
~ while charging under the wire. We would .l.I_IE PRAIRIES

“need to provide more electrical supply
capacity than for a traditional =
electrification, because tfalns would draw
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operate outside the electrified zone. Even _\C ATEN ARY G APS

in electrified zones, we could design short
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WITHOUT ELECTRIFYING
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This would be a different, more =~ -
flexible way of electrifying. | /



ILLUSTRATIVE EXAMPLE

AUnlike earlier European concepts with electrified
segments of several hundred meters to several km
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ILLUSTRATIVE EXAMPLE
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short live -wire segments and gaps has been shown to be unworkable due

A to feeder wire cost and substation -related issues. Our concept calls for L,J
long electrified segments, from tens of miles up to several hundred miles,
separated by long gaps of up to two hundred miles covered by fully - Brwster, NLY

Ouad Cities charged battery e.Iectrlcs. Within glec_:tnﬂed segments, there may be ‘
® short neutral sections of up to a mile in length, where clearance or other orth Jersey

constraints make electrification extremely expensive. The Alphabet
4 Route was a coalition of railroads connecting the Midwest United States
with the Northeast, as a freight alternate to the major systems. Had it la
continued to operate today, this is a hypothetical illustrative example of
what an intermittent electrification scheme might look like.
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Milepost

We performed a back -of-the -envel
train performance calculator simulation
of how battery -electrics, supplemented
with battery tenders, might perform
between Baltimore and Chicago via Sand
Patch in south -central Pennsylvania,
which is one of the most challenging
sustained climbs of any major main line
on an Eastern railroad. Climbing the
steep, sustained east slope in the
westbound direction would not be a
problem, assuming the train receives a
full charge while still in the foothills, and
the trains are assigned reasonable
energy -to-weight ratios.




This difficult terrain

constrains operations in that
trains must not run out of
energy before cresting the
summit, when regeneration
kicks in. This chart shows the
expected effects of climbing
the east face of Sand Patch.
Today, the energy dissipated
as heat in rheostatic braking
IS lost, but with battery -
electrics it could be used to
restore some of the charge to
the batteries, allowing
railroads to install
electrification only in the
foothills where it might be
easier to build and maintain.
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CSXT 457 in Crestline, Ohio, 2001
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CASE STUDY | INTERMITTENT

To understand the economic case for intermittent electrification, we set up a hypothetical
Class One railroad network, to see how much money we could save (and how much
emissions we could remove) compared to electrifying only a contiguous electric zone with

the highest traffic density. For the battery -electric based network, we would build the
electrification in four phases. E A
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Even with battery electrics,
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CASE STULY | CONTINUOGUS

Here is how we would do it with conventional electrification, in three phases, and with
engine changes whenever locomotives get to the electric district.
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terrain or big metropolitan areas, which might be more expensive.




