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2. Executive Summary

Rail offers advantages in terms of environmental pevdmce in comparison with many
other modes of transport. However, as alternativel as air and road transport improve
and new technologies are introduced, the advantagesdaieece To maintain or increase
them, new technologies and systems will also havdetantroduced in the railways.
Railway Research UK, an EPSRC-funded research cdwseprovided funding to a team
comprising groups within Loughborough University and Impe@allege London, to
conduct preliminary analysis on some of the possible&rdupower and fuel combinations
with regard to their economic and environmental charatics.

A wide range of technologies and alternative fuels cpoltentially be introduced
into rail. A subset of these was analysed for thegmestudy, including the use of both
proton exchange membrane and solid oxide fuel cells a® priovers, hybridisation with
energy storage, and fuels such as natural gas, biofuelsydrajen. Base case diesel and
overhead electrified data were also considered. Mogelilas conducted using rail-
specific duty cycles for intercity passenger transpolamicommuting, and freight.

The modelling suggests that hybridisation of diesel eaganevides an improvement
in energy efficiency of up to 10-20% for passenger traind,@ence a reduction in GO
emissions. Freight efficiency was unaffected due talitsady flat load curve. The use of
PEM hybrid systems also offers advantages, with tmegoyi benefit being realised for high
speed and freight trains, at around 25% reduction. Urbdeascwath fuel cells sized to
meet peak load were found to be more efficient tharetlszed to meet mean load, but
this translates into larger and more expensive fud$.ceBOFC in the configuration
modelled offered limited advantages in terms of on-bothiaieacy.

The degree of hybridisation and the maximum recoveladalking energy are key
parameters in the analysis. High braking energy regcusi reuse would be ideal, but is
typically both costly and heavy, and so for the mgjoof the analysis 30% is considered
reasonable.

In order to put the figures for improvements possibleough a change or
modification in prime mover into context, the costddDO, emissions from drive cycles

were also considered.
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Costs of introduction of the different chains weranastted from known data, given that
many new technologies have not reached cost matugmyissions from drive cycles were
calculated using the specific energy figures modelled innitial analysis, and efficiency
figures from fuel chains found in literature. By introdgcthe full fuel cycle as part of the
analysis, the efficiency of fuel provision can beabakd against the efficiency of use.

The model shows that significant reductions in spedifid, emissions can be
achieved using different fuel chains in conjunction witie new technologies. In
comparison with a diesel ICE base case, emissiondbe&aeduced by as much as ~80%
under different scenarios. Hybridisation, electrifimatand the use of fuel cells all offer
promising benefits. However, many of these optioffar a&lignificant increases in cost for
the near term, of up to 30%. Only as mass-production taslkes do these costs come
below current technology. Many of the options do offeajor reductions in CO
emissions, with biodiesel, electrification and fuelscehowing potential reductions of at
least 60% and approaching 80%. Using the results calculaaédcompares very
favourably with other modes of passenger and freighs .

This study has been conducted over a short time fraxdewath very limited
resources. It shows that the introduction of newreldgies into rail could significantly
improve its environmental performance, sometimes witly small cost penalties. As GO
emissions from every source become more tightly ofletl, and energy prices rise, the
introduction of these new technologies will make insirga commercial sense. Further,
more sophisticated analysis into these fuel chainstaddnologies would provide the
robust data needed to allow the rail industry to makernméd decisions about
implementing these new technologies and maintaining dlrent advantage over

competing transport modes.





