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Executive summary

1. Bri t ai n @mvidesasséntiabagcess to employment, education,
goods and services. For most of the post-war period, the railway was
in decline with rail losing its share of freight and passenger markets.
But since the mid-1990s, the railway has seen a dramatic improvement
in its fortunes with a significant increase in freight and passenger
demand linked to sustained economic growth. We now have a railway
that carries more people than it has in over 50 years and that is
experiencing strong growth in freight demand.

2. Ralil is responsible for less than 1% of UK carbon emissions. In
general terms it performs well from a carbon efficiency perspective
compared to other modes, in particular on busier routes with high
passenger and freight loadings.

3. The rail industry is responding positively to increasing concerns about
carbon. As this document illustrates, in the best reference case
scenario, the industry could reduce its absolute carbon emissions by
about 2% between now and 2014 i the end of the next five year rail
funding period - through energy saving initiatives either planned or
underway.

4. In the longer term up to 2022 the picture is more complex.
Accommodating ongoing growth in passenger and freight demand to
supportGover nment 6s wi der econavihi ¢c and soci
require more and longer trains and i all other things being equal - will
result in higher carbon emissions. The long life nature of rail assets
such as rolling stock and lineside infrastructure also restricts the

rail wayds ability to introducendhew | ow
the strong focusoni mpr oving rail 6s performance (j
reliability) can constrain the impact of carbon saving initiatives. Hence

our analysis suggests that rail s car bol

absolute terms by 2022 by between 8 and 13%.

5. However, there are further additional opportunities to cut rail carbon
emissions through the introduction of more efficient rolling stock, the
use of on-train energy metering to facilitate more accurate electricity
billing and reward energy saving measures, the further roll-out of
regenerative braking and through energy-efficient management of train
movement. These abatement opportunities will be the focus of the
next phase of work.

6. Signi ficant i mprovements in railés carbc
concerted cross-industry action. This will require a cultural change
within the industry with appropriate support through the regulatory and
franchise systems.



Introduction

7. This document forms the DfTO &l transport submission to the
Committee on Climate Change to inform their advice to Government on
carbon budgets for the period 2008 to 2022.

8. It has been produced by a cross-industry working group involving
passenger (ATOC) and freight operators, rolling stock leasing
companies, DfT, Network Rail, Transport for London and the Rail
Safety and Standards Board. It is submitted with the full support of the
working group and their parent organisations. The full membership of
the working group is provided in Annex A.

9. This document considers how carbon emissions associated with rail
traction energy® within Great Britain are likely to change in the period
up to 2022 under dusiness as plannedéconditions. It also estimates
the impact of various operational and technical measures that can
deliver carbon reductions and quantifies these where possible.

10.The cross-industry group will continue working during 2008 to refine
and develop the assumptions and information in this report. The output
from this further work will be fed through to the Committee on Climate
Change when appropriate.

11.The analysis supporting this document has consideredraild s c ar b on
emissions in isolation from other modes. It has taken into account the
factors that influence rail demand, including the extent to which people
switch from road to rail because of traffic congestion. But it takes no
credit for any reduction in road emissions on account of this shift. It
also makes no explicit account for measures aimed at promoting mode
shift or for managing demand either on road or rail; this will form part of
Df T 6der cavbon pathways work during 2008.

! The energy required to move trains and provide onboard power for lighting, cooling and
heatingetc. Non-t r acti on energy falls within Defrads Carbon
emissions trading scheme and hence outside the scope of this paper.



Background

Structure of the rail industry

12.In July 2004, the Government outlined a new structure for the railways
in its White Paper The Future of Rail > which was implemented in the
Railways Act 2005. The key reforms were to:

1 Make the Secretary of State for Transport responsible for setting
the strategy and budget for the railway in England and Wales;

9 Introduce further rail devolution for Scotland and Wales (with certain
exceptions such as safety, rail is a devolved matter in Scotland and
Scottish Ministers are responsible for setting the strategy and
budget for Scotlandds rail ways

1 Integrate safety and economic regulation within the Office of Rail
Regulation; and

1 Change the industry structure to promote stronger partnership
working between Network Rail and train operators.

Fig 1: Rail industry structure
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13. Of particular relevance to this document are the franchise agreements
between Government and private sector passenger operators. These
are written around the service Government specifies in its invitation to
tender and historically have focussed primarily on capacity and
reliability.

14.Franchises are generally let for around 7-10 years. This is to provide
businesses with sufficient time to develop and invest in growth whilst
allowing Government to return to the market on a regular basis,
keeping the cost to the taxpayer down.

15.The Government committed in the White Paper, Delivering a
Sustainable Railway® published in July 2007 to incorporating
environmental targets in all future franchise specifications. This has
already started to happen, for example in the recent Intercity East
Coast franchise. However, the main focus for existing franchises is on
performance and delivering cost-effective passenger services.

16.SimilarlyinSc ot | a n d 6 % puRished in280%,she Scottish
government seeks to maximise the opportunities that rail provides to
reduce emissions through modal shift and encouraging increased
electrification.

17.The freight railway sits outside the franchising process. Competition
between freight operating companies and road hauliers decides which
goods are moved by which company and mode.

Rail growth trends

18.For most of the post-war period, the railway was in decline with a
reducing share of freight and passenger markets. However, over the
past ten years the position has changed dramatically with freight
growing by 60 per cent and passenger traffic growing by 40 per cent
which makes it one of the fastest growing railways in Europe. Figures
2 and 3 below illustrate these trends.

3 www.dft.gov.uk/about/strategy/whitepapers/whitepapercm7176/
4 www.scotland.gov.uk/Publications/2006/12/04104648/0
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Fig 2: National rail passenger journeys, kilometres (19551 2005)
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Fig 3: Domestic goods moved by rail (19551 2005)
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Policy developments

19.The Railways Act 2005 placed a statutory duty on the Government to
set out every five years how much public expenditure it wishes to
devote to rail and specify what it wants the railway to deliver, notably in
relation to safety, reliability and capacity. The Scottish government
published its High Level Output Statement (HLOS) specifying the level
of service and improvements to the railways in Scotland that will be
delivered for the regulatory period 1 April 2009 to 31 March 2014
(known as Control Period 4 or CP4). The Government published the
England and Wales HLOS, contained within the rail White Paper
Delivering a Sustainable Railway.



20.The White Paper considers the potential future challenges for the
railway over a 30-year horizon. It identifies several long-term agendas
for Government and the rail industry working in partnership:

1 increasing the capacity of the railway whilst further improving
safety and performance,;

delivering a quality service for passengers;

improving cost effectiveness;

devolving certain rail responsibilities including to Transport for
London; and

1 fulfilling rail's environmental potential.

= =4 =4

21.The White Paper also committed the Government to setting an
environmental output in time for Control Period 5 (2014 1 2019).

22.The Rail Technical Strategy (RTS) was published alongside, and in
support of, the White Paper. It considers how a combination of existing
and future technology can help the railway meet the challenges set out
in the White Paper over a 30 year time horizon. The Department is
now working with senior rail industry stakeholders through the
Technical Strategy Advisory Group to take forward the development
and implementation of the strategy.

23.0ne of the main themes within the RTS was how to use technology to
reduce carbon emissions from the rail system. Figure 4 below
illustrates the desired characteristics set out in the RTS of the low-
carbon, high capacity future passenger and freight railway:

Fig 4: the low carbon railway of the future
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24 Particular points to note are:

T

Lighter trains require less energy to accelerate, saving energy and
carbon. They also cause less wear and tear to the track. Using light
trains on precise, well-maintained track helps to reduce overall
maintenance and renewal costs.

Regenerative braking® is already in use by a range of electric trains on
the AC electrified network with plans being developed to roll out to
trains on the DC network®.

The same principle can be applied to diesel trains by storing recovered
energy on board trains in a battery, capacitor or flywheel in a similar
way to hybrid cars such as the Toyota Prius, but this technology for rail,
is only at a demonstration stage in the UK.

There are potentially significant carbon savings to be made through
managing the movement of trains through the network in a more
intelligent way. For example, refining timetables for energy
consumption and taking better account of freight trains would help to
reduce the number of times freight trains have to stop and start and
hence reduce total rail energy consumption. This approach can be
further refined by providing real time advice to drivers on the speeds
they should adopt to help optimise energy consumption, punctuality
and capacity. And the signalling system itself can be made smarter to
manage traffic actively in order to reduce congestion and carbon
emissions.

Providing drivers and train operators with more accurate information on
their energy consumption and fuel bills

Good housekeeping measures such as reducing prolonged engine
idling when trains are waiting in stations or depots, reducing/optimising
heating, lighting and air conditioning when not required can all deliver
useful carbon savings.

25. A further supporting document, the Rail Industry Research Strategy’,

was published in December 2007. This was developed by the rail
industry, research organisations and the Department for Transport to
ensure that rail research is given appropriate priority, that work is

® A system that recovers energy from trains as they brake that would otherwise have been
wasted eg: as heat. The recovered energy is transferred in the form of electricity to other
trains nearby or in some cases returned to the national grid.

® The conversion process from AC energy to DC energy on the DC network is not reversible
(unless there is investment in inverting substations). So unless there is sufficient load to
absorb the regenerative energy, the train will divert the energy to rheostatic systems,
mounted on train roofs or beneath the underframe. Another method would be to install
energy capture devices on the DC network or on DC trains, such as a battery, supercapacitor
or flywheel.

" www.dft.gov.uk/pgr/rail/researchtech/research/railstrategyresearch
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focused on areas to support the rail white paper and technical strategy
and that effective mechanisms are in place to support implementation.

26. Internationally, the Community of European Railways (CER) is seeking
an international Railway Undertaking (RU) commitment to respond to
the European Commission and support a 20% carbon reduction per
passenger km by 2020 from a base year of 1990.

Increasing capacity

27.The rail White Paperc onf i r med t hat the Secretary o
investment in Control Period 4 (2009 1 2014) was for additional
passenger carrying capacity to accommodate forecast growth and to
reduce overcr owd i ng. It also confirmed that t
term ambition was for a railway that could handle double the level of
freight and passenger traffic carried in 2007.

28.The Governmentds position was informed |
passenger demand forecasts through the Network Modelling
Framework (NMF). In particular, as Figure 5 below sets out, ongoing
passenger growth is expected across all sections of the rail network.

Fig 5: National rail passenger kilometres actual and forecast
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Carbon constraints

29.The obligation imposed by the Government on the rail industry to
provide additional capacity in the period 2009 to 2014 combined with
existing franchise commitments to provide a specified level of service
performance act as a constraint in terms of reducing carbon.

10



30. Further constraints occur because of the relatively long life of rail
assets. Rolling stock and locomotives, for example, typically have an
operational life of around 30 7 35 years compared with around 10
years for the automotive sector. Although there are some
environmental/carbon advantages from having long life assets (for
example, a reduction in the energy required to build and recycle them)
it also inhibits the rapid introduction of new low carbon technologies.

31.As a result of significant Government and industry investment in new
rolling stock, over the past ten years, the average age of passenger
trains in Britain has reduced from 23 years in 1995 to 13 years in 2007
(see Figure 6 below). As a result, Britain now has one of the youngest
train fleets in Europe. However, this also means that many of the
trains operating now will still be operating in 2022 which constrains the
opportunity to replace them with more efficient rolling stock designs in
the short to medium term.

Fig 6: Average age of rolling stock (2000/01 i 05/06)
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Passenger rolling stock profile

32.The type of rolling stock in use in the UK has a direct impact on carbon
emissions based on its design, the number of miles individual trains
travel each year and the carbon intensity of the traction energy source
(diesel or electric).

33.The UK rolling stock fleet is currently composed of about 11,000
passenger vehicles. These are divided approximately equally into AC
electric, DC electric and diesel powered vehicles. Traditionally rolling
stock has an operational life of between 30 to 35 years, so one would
expect that the average age of the fleet at any time to be around 15-17
years. However, as mentioned above, the UK fleet is younger than this

11



because of the large number of vehicles bought to replace the Mk.1
i sl am fleeboa thedDC network.

34.In July 2007, the rail white paper and accompanying High Level Output
specification announced 1300 new vehicles would be procured by 2014
to accommodate increased passenger demand and reduce
overcrowding. The new vehicles are expected to be split
approximately 45%, 35% and 20% between the AC electric, DC electric
and diesel powered types. This reflects that the growth is strongest on
the denser parts of the network which are the parts which are
electrified.

35.An important point to note here is that these additional vehicles will
result in a net increase in carbon emissions, even taking account of
modal switch from road transport. The aim of the extra vehicles is to
reduce overcrowding and the economic benefits resulting from this
greatly exceed the costs of the additional carbon generated. Details of
the range of social and economic factor:
transport appraisal process are given in Webtag®.

36. There are opportunities to improve the design of new rolling stock
designs to reduce energy consumption eg: lightweight designs,
regenerative braking, more efficient motors and engines, better train
management systems. However, this may be partly offset by the need
to incorporate features such as power doors and air conditioning.
Indeed, new trains may also have to operate in a more carbon
intensive way eg: higher acceleration, deceleration and top speeds, in
order to deliver greater capacity on the network.

37.Three other projects will deliver new vehicles in significant numbers:

1 Thameslink will require around 1,100 new vehicles of which some 400
are additional vehicles to allow for growth;

1 The Intercity Express Programme envisages a fleet of up to 1,400 new
vehicles to replace existing high speed train fleets; and

91 Crossrail will require around 600 vehicles.

38.The Scottish government is also working on a rolling stock strategy that
will considerably increase the size of the ScotRail fleet.

Freight rolling stock profile

39. The vast majority of rail freight - about 95% - is hauled by diesel
locomotives. This is because diesel locomotives provide the go-
anywhere flexibility that is so important to freight operators, particularly
given the frequent need to use diversionary routes should main lines

|Further detai lsa methbdolayly caud e foand qt:rwenir. webtag.org.uk

12
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be closed for maintenance or renewal and dealing with distribution
Ospur so.

40.Freight operators have invested significant sums in recent years in
purchasing new diesel locomotives, primarily the Class 66 and 67s
which now form the backbone of the rail freight industry. These
vehicles and freight wagons have a similar lifespan to passenger
vehicles. Consequently, many of the existing rail freight vehicles are
likely to be in use up to and beyond 2022.

13



Ra i Ic@rrent and historic carbon performance

41.Rail currently accounts for less than 1% of UK carbon emissions. Total
rail CO, emissions are estimated at 3.3 million tonnes for 2006/07 of
which 2.7 million tonnes is from passenger rail and 0.6 million from
freight rail.

42.Currently about 40% of the rail network is electrified. This accounts for
about 60% of passenger kilometres as the electrified lines tend to be
on more densely used routes. As previously explained, freight traffic is
al most entirely diesel as-afnryesihgelrtedoper a:
flexibility that diesel provides. So, of the total carbon emissions from
rail, around 43% is electric and 57% is diesel.

(@}
2]

43.There are some gaps in obtainingr obust data about rail
carbon performance. The position for electric traction is relatively good
as Network Rail maintains accurate records going back to the 1970s
(see figure 7 below).

Fig 7: Historic traction electricity consumption in England and Scotland

B Scotland @ England

3,500

3,000

2,500

2,000

1,500

Energy (GWh)

1,000

500

Source: Network Rail

44.However, to inform its response to the Community of European
Railways proposals on carbon targets, ATOC has taken this re
trajectory for 2020 and coupled it with some additional commissioned
work for the passenger segment to establish a reasonably robust figure
for 1990.

45.The results are shown in Table 1 below which suggests that absolute
passenger rail emissions reduced between 1990 and 2005 despite a

14



significant increase in passenger traffic. The projections for 2020
anticipate a near 50% reduction in terms of carbon per passenger km.

Table 1: Historic and projected passenger rail emissions

1990 2005 2020

Total CO, emissions 2.81 2.71 3.0
(million tonnes)
Specific passenger CO, emissions 84.7 62.1 48

(grammes/pkm)

Source: ATOC: 2005 Baseline Statement, with additional work for 1990.

DfT: NMF model 2020 projection (average of Min and Max forecasts)

46.In March 2007 ATOC published a Baseline Energy Statement® using
the latest data available to calculate the carbon emissions of

passenger

r ai

and

compar e

rail 60s

information has been used to calibrate the environmental module of

Df TO6s

Net wor k

Mo del

l i ng

Framewor k.

updated paper in October 2007 Energy and Emissions Statement

2006/07%°,

47.Tables 2 and 3 below are taken from the October report and indicate
an increase in diesel consumption between 2005/06 and 2006/07 but a
corresponding decrease in electricity consumption (resulting from the
introduction of regenerative braking on AC trains). The net result of
these factors combined with an increase in average passenger
loadings was a reduction in carbon emissions per passenger km.

Table 2: Passenger rail diesel consumption

Rail - diesel 2006/7 2005/6 % change on Estimated %

year change since
1995/6

Diesel use (million litres) 463.7 459.3 +0.9%

Diesel vehicle km (million) 893 889 +0.4% +22%

Thus, litres per vehicle km 0.519 0.517 +0.5% +5% (est.)

Passenger km (billion) 17.9 16.68 +7% +57%

Thus, loading 20.05 18.76 +7% +29%

(passenger km/vehicle km)

Thus, litres per passenger km 0.026 0.028 -6% -22%

gCO, emissions per litre 2674 2674 -

Thus, gCO, per passenger km 69 74 -6% -22%

o www.atoc-comms.org/dynamic/publications/15/Baseline-energy-statement

0 www.atoc-comms.org/dynamic/publications/21/Energy-and-Emissions-Statement
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Table 3: Passenger rail electricity consumption

Rail - Electric 2006/7 2005/6 % change on year % change since
1995/6

(E(\Ee\}:\}g)cwty consumed 2.820 2.892 25% £16%

Flectric vehicle km 1,444 1,451 05% +23%

(million)

Thus, kWh per vehicle km 1.95 1.99 -2% -6%

Electric passenger km 28.93 26.86 +8% +55%

(billion)

Thus, loading 20.04 18.51 +8% +26%

(passenger km/vehicle km)

Thus, KV per passenger 0.098 0.108 9% -25%

gCO, per kWh 512 487 +5% -5%

Irf;us, gCO, per passenger 51 53 5% -28%

16



Developing arail carbon trajectory and abatement options
48.Separate approaches have been agreed with the cross-industry group
to derive the passenger rail and rail freight carbon trajectories. Each
approach is described in turn below.

Passenger rail trajectory

49.The derivation of the passenger rail trajectory is based around the
following steps:

(a) determine the CO, emissions for the year 2005/06 on the
basis of the December 2005 timetable;

(b) estimate the number of seat kms that will be supplied each
year in addition to the ones in the December 2005 timetable to
accommodate increasing rail demand and calculate the
associated CO, emissions;

(c) for each year aggregate the emissions from the December
2005 timetable (step (a)) and the year specific additional
emissions calculated at step (b); and

(d) apply overlays.
Step (a)

50.The annual CO, emissions associated with the December 2005
timetable have been calculated using the NMF environmental module.
This is a model designed to assess the environmental impacts and
damage costs associated with a given passenger rail timetable. Annex
D explains in more detail how the model works.

51.CO; g per seat km values were derived for both diesel and electric
traction. In 2005/06 the value for diesel traction, which accounts for
35% of total seat kms, was 27g and for electric traction, which
accounts for the remaining 65% of seat kms, was 17g.

Step (b)

52.Rail capacity is expected to increase in line with rail demand over the
next 15 years. To determine the absolute increase in rail supply it was
assumed that for each additional passenger km additional capacity
equivalent to 1.8 seat kms would be provided.

53.The 1.8 factor corresponds to the ratio between the committed
increase in rail capacity between 2006 and 2014 and the expected
increase in rail demand over the same period. The net effect is that the
supply of additional capacity will maintain passenger crowding at 2014
(post HLOS) levels.

17



54.The rail demand forecast adopted was the same as used for HLOS and
the White Paper.

55. The additional rail supply was converted into CO, emissions using the
same proportion of electric to diesel services as in the December 2005
timetable (35% diesel, 65% electric) together with the emissions per
seat km values (279 for diesel, 17g for electric).

Step (c)

56.For each year CO, emissions from step (a) and (b) were aggregated to
give total annual emissions for the passenger railway up to 2022.

Step (d)

57.This step involved the application of overlays to the results from step
(c) to take account of measures implemented by industry, changes in
power station emission factors and in the carbon content of diesel fuel
post 2005. The specific overlays applied were:

Changes in power station emission factors
Changes in the carbon content of diesel
Implementation of AC regenerative braking
Introduction of biodiesel

TOC specific measures

Introduction of new stocks

= =4 -8 -8 -9 -9

58. All overlays apply to the business as planned scenario, while only the
first three apply to the base case (do-nothing) scenario.

Rail freight trajectory

59.The trajectory for rail freight follows a simpler approach.

60. Total net tonne kms moved by rail for each year were estimated from
the forecast published in the Network Rail Freight Route Utilisation
Study (March 2007).

61.Based on information provided by EWS, it was assumed that diesel
traction accounts for 95% of total net tonne kms, with the remaining 5%
being moved by electric trains.

62.Net tonne kms for each year were multiplied by a per tonne km diesel
fuel/electricity consumption figure''. The resulting annual fuel/electricity
consumption was then converted into CO, emissions and overlaid with
changes in power station emission factors and changes in the carbon
content of diesel (as for passenger rail).

! Based on data provided by EWS diesel fuel consumption per net tonne km was set at 0.01
litres. For electric traction a value of 0.02 KWh per tonne km was assumed.

18



63. The estimated CO, emissions were taken to represent the base case

il
il
1
1

(do-nothing) scenario. To determine the business as planned scenario
a number of overlays were applied to the base case scenario. Namely,

Auxiliary Power Units

Relocation of fuel points

Driver and Ground Staff Best Practice

Introduction of biodiesel (same overlay as for passenger rail)

64.The final step involved aggregating the passenger rail and the ralil

freight trajectories to obtain total CO, emissions from the GB rail
network up to 2022.

Scenario assumptions

65.To develop an indicative rail carbon trajectory, two main scenarios

fi Do

have been conshdeg eéelsined dstplanmedd . Annex
C contains the various assumptions that have been included in these
scenarios. But the most notable are as follows:

n o (base casg scenario)

66. This base case scenario assumes that the rail industry does not

implement any new initiatives to reduce carbon and also that
technology does not deliver any carbon savings. It assumes:

1 Rail growth occurs in line with HLOS/Freight RUS estimates and is
accommodated through additional trains to maintain crowding at
constant levels/running additional freight services;

1 New trains coming into service have the carbon performance of
recent Aoff tihe shelfod designs

1 The electricity generating mix becomes cleaner over time based on
BERR projections; and

1 Regenerative braking is in place across the AC network.

NBusi ness daferepmde acanar®)d O

67.This scenario takes account of carbon saving initiatives that are either

T

planned or that are expected to take place with a high degree of
confidence. It includes:

The same assumptions about growth, crowding, AC regenerative
braking and el ectricndtyhigreqq@®rsadae mar ias;

New trains coming into service reflect an increased emphasis on

energy efficiency eg: IEP, Thameslink, next generation DMUs
compared with recent designs;

19
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1 Rail uses a 5% biofuel mix from 2010; and

1 TOCs and FOCs introduce a range of energy saving initiatives eg:
driver training, improved idling and stabling policies (see Tables 4 and

5).

Passenger train operator survey

68.To i nf or m t helanfedtu sti rneejsesc tacsr vy ,

survey of all its members ie: franchised passenger train operators,
which involved face-to-face interviews with the engineering and
environmental teams. Within the timescales of this report 11 major
train operators franchises were covered, with the rest to follow in

May/June 2008.

69. The interviews explored the local carbon saving initiatives that train
operators had underway, were actively planning or thought could
potentially and realistically, be achieved within their franchise periods
ie: predominantly ending 2012-14. The results were then extrapolated,
across the TOCs not covered by the survey and fed into the Network
Modelling Framework. Table 4 below summarises the type of
initiatives that TOCs were planning to implement along with their

expected carbon benefits.

Table 4: Indicative carbon saving from planned TOC initiatives

ATOC

Measure Carbon
Benefit

Description

6Hot el Loaddé N2-3%
Stabling Loads

Ensuring trains are wholly or
partly shut down when not in
traffic so heating/lighting is
not f uilalmxturéaf n 6
operational steps and
improved technology for auto
switch-off.

OHot el Loaddé NI1-2%
Lighting and Heating
Settings in Service

Energy efficient lighting,
revised thermostat settings
and improved control

technology.

Driving Technique 3-5% OEdao i vingd t ec
allied to improved timetabling
and traffic regulation.

Engine/Traction system 2-7% Degree of opportunity varies

Management with traction type/service

group. Solutions including

limiting maximum power,
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selective shut-down of power
packs etc.

Fleet Mileage Management 1-2%

Matching supply/demand;
reducing O6empt
fuelling, berthing and
maintenance activities.

Freight operator carbon saving initiatives

70.The rail freight industry has confirmed that the carbon saving initiatives
set out in Table 5 below should be included in the business as planned

trajectory:

Table 5: Indicative carbon saving from planned FOC initiatives

Measure

Carbon benefit

Description

Auxiliary Power Units

4-8%

These small engines would
reduce the need for engine
idling and hence provide
significant fuel saving.

Relocation fuel points

2-4%

Optimise position of fuel points
to reduce unnecessary mileage

Driver Advice System

7-10%

Provide drivers with in-cab
advice on whether to slow
down or speed up based on
the topography of the route.

Driver and Ground Staff
Best Practice

3-5%

Training drivers in fuel-efficient
driving techniques and paying
more attention to marshalling
train formations to reduce
aerodynamic drag. Also
improving general
maintenance standards (air
leaks etc)

71.Overall, the freight industry estimates that these initiatives will deliver
carbon saving/fuel consumption reductions of between 15% and 21%.

Business as planned carbon trajectory results

72.Table 6 and figure 8 below summarise the output of our modelling work
on the likely path of rail carbon emissions.
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Table 6: Business as planned - CO, emissions (tonnes,

6000

Year 2008 2014 2020 2022

MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN

Passenger rail | 2,696 | 2,704 | 2,730 | 2,895 | 2,988 | 3,136 | 3,018 | 3,168

Pax rail - electric | 1,425 | 1,432 | 1450 | 1540 | 1584 | 1,665 | 1596 | 1,678

Pax rail - diesel 1,271 : 1,273 1,280 : 1,355 1,404 : 1,472 1,422 : 1,491

Freight rail 644 | 644 | 569 | 600 | 607 | 640 | 618 | 651

Total rail 3,340 | 3,349 | 3,298 | 3,495 | 3,594 | 3,776 | 3,636 | 3,819
Figure 8: Business as plannedv s i do nlwmasecase gdbD,

emission trajectories

CO2 tonnes (millions)
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73.The maximum and minimum range for passenger rail reflects
uncertainties with regard to both the number of initiatives TOCs will
implement and their likely impact on energy consumption. The ranges
for freight are a consequence of those shown in Table 5.

Base Case|

74.The base case (do-nothing) trajectory has been derived by scaling up
the current network to meet the forecast increase in demand. In
particular, the increase in demand is assumed to be accommodated by
adding recent designs of rolling stock. This type of stock is also
assumed to replace the old stock that is taken out of service. No new
stock enters the base case trajectory.

75.The business as planned trajectory includes the carbon impact of a

number of carbon saving measures to be implemented by industry (eg:
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driver training), the introduction of biofuels and the introduction of new
build stocks which are more energy efficient than recent designs.
Consequently emissions are lower than they would be if no action were
to be undertaken.

76.The extent to which industry action is expected to impact on emissions
is shown in the table below. This shows the percentage savings in
carbon under the business as planned scenario compared to the do-
nothing base case scenario, in which no carbon reduction measures in
addition to those already in place are implemented and the type of
di esel fuel used Iis the same as

Table 7: BAP vs do-nothing - carbon savings (%)

Year 2008 2014 2020 2022
MIN : MAX | MIN | MAX | MIN | MAX | MIN | MAX

Passengerrail | -0.7 | -1.0 | -4.6 | -10.1 | -8.1 |-125| 8.1 | -12.5

Paxrail - electric | -1.0 | -15 | 53 | -10.8 | 7.7 | -122 | 7.7 | -122
Pax rail - diesel | -0.3 ! -0.4 -39 & 92 -86 : -128 | -86 : -12.8
Railfreight 0.0 ! 0.0 |-16.6:-21.0 | -16.6 | -21.0 | -16.7 | -21.0
Total rail 05! -08 | -69 :-12.0| -9.7 |-13.9 | 9.7 | -13.9

77.Table 7 indicates that by 2022 rail industry will deliver a reduction in
carbon emissions of between 9.7% and 13.9% over the do-nothing
scenario. The highest reduction is achieved by freight - between
16.7% and 21.0% - while passenger rail is expected to deliver savings
of between 8.1% and 12.5%. This difference between passenger and
freight results from a combination of factors including the high
proportion of diesel freight vehicles and the significant opportunities for
freight operators to save fuel through planned energy saving initiatives
such as driver training, driver advice systems and reduced idling etc.

78. Although emissions are expected to fall relative to the base case, in
absolute terms they are forecast to increase slightly over time for
passenger rail (see Table 6 above). This is primarily a consequence of
an expansion in rail capacity to accommodate the forecast increase in
passenger numbers, the replacement of old stocks with modern more
energy consuming stock.

79.Rail freight capacity is also expected to expand to meet additional
demand. However, the associated increase in train kilometres is offset
by improvements in energy efficiency. As a result, freight emissions
are predicted to fall over time.

80.The aggregate outcome for the rail sector is an increase between 7.9%
and 13.4% in carbon emissions by 2022 over their 2008 base case
level.
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Table 8: BAP - % increase in carbon compared to 2008 base case

Year 2008 2014 2020 2022
Passenger ralil -1.0to -0.7 0.3t06.3 9.7 to 15.2 10.8to0 16.3
Pax rail - electric -1.5t0-1.0 0.2t0 6.5 9.5t015.1 10.3t0 16.0
Pax rail - diesel -0.4t0 -0.3 0.3t06.2 10.0to 15.3 11.4t0 16.8
Railfreight 0.0 -6.8t0-11.6 -0.6to -5.7 -40t01.1
Total rail -0.81t0 -0.5 -2.0t0 3.8 6.71t012.1 7.91t013.4

81.This increase in carbon emissions is incurred to meet increases in
passenger demand by 36% and in freight (net tonne kms) by 22% over

the next 14 years. CO, emissions per passenger km are projected to
fall from 58g in 2008 to 47-50g in 2022 and CO, emissions per net

tonne km to reduce from 27g in 2008 to 20-22g.

A

82.0ur analysis has considered rail 0 s

car b onniselaiondrem on s
other modes. It has taken into account the factors that influence rail

demand, including the extent to which people switch from other modes

to rail because of changes in the costs of using these alternatives on

account of factors such as traffic congestion. But it takes no credit for
any reduction in emissions from other modes on account of this shift. It

also takes no explicit account of measures aimed at promoting mode

shift or for managing transport demand; this will form part of the

Department 0s

wi der

car bon

pat hways
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Developing carbon abatement options

Energy metering

83. Currently, Network Rail procures electricity on behalf of passenger and
freight operators. This electricity is then charged back to operators
according to a model that predicts the electricity consumption of
different types of trains operating on different routes.

84.Periodically the electricity meters at the feeder stations supplying the
network are read and the difference between the calculated
consumption and actual consumption is shared, pro rata, between all
those drawing power from that feeder station. This process is known
as 'the wash up'.

85. The main drawback with this approach is that train operators receive
little incentive to reduce their electricity consumption as their energy
bills will still be calculated on the modelled, rather than actual,
consumption and any benefit gained from reducing the amount of
energy drawn from the feeder station is shared, pro rata, between all
those drawing power from that feeder station.

86. Trials are taking place of on-train energy meters that can provide
operators with better information on how their trains use energy.
Widescale fitment of such meters would enable operators to manage
energy consumption better and, importantly, facilitate the introduction
of more accurate energy billing by Network Rail.

Network optimisation

87.As mentioned earlier in this document, there are a range of measures
that passenger and freight operators have within their control to
improve energy efficiency and reduce carbon emissions. However, the
way in which train movements are planned and managed across the
network provides significant further opportunities for carbon saving.

88. A simple example is improving how freight trains are scheduled so that
they are not stopped unnecessarily and do not impede passenger
traffic. This could deliver significant carbon savings (as a rule of thumb
every stop of a freight train adds up to 20% to the fuel consumed on a
given journey).

89.As well as ensuring energy efficiency is embedded within the train
timetabling process, there are also opportunities to reduce emissions
by providing drivers with better real time information on the speed they
should adopt to avoid unnecessary stops eg: if there is a red signal
some way ahead, a driver could be advised to coast rather than
accelerate.

90.One of the important inputs to this process is obtaining better real time
data on train energy consumption. To this end a cross industry group
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is investigating the feasibility of installing on train and additional
infrastructure traction metering. This is subject to agreement with the
ORR, TOCs and FOC:s.

Electrification

91.Electrification is an important consideration given the benefits of

electric trains over diesels in terms of performance, reliability, capacity
and carbon. In conjunction with the work being done by the industry
(through the Network Route Utilisation Scheme) further analysis will be
undertaken of the likely schemes which could be progressed between
2014 (start of CP5) and 2022.

92.The funding and capacity of the industry to manage too many large

projects means that the schemes which might be completed and will be
considered as part of our further analysis are: Edinburgh - Glasgow,
the Midland Main Line, the Great Western following on from Crossrail
to Bristol and Swansea and the North East/South West fill-in. These
schemes would see potentially 700 diesel vehicles being displaced by
electrics making a significant shift in the overall proportions - (from
1:1:1 to 4:3:2 AC, DC and self power respectively).

DC Regenerative Braking i Phase 1

93.Network Rail is currently undertaking a study to analyse the DC

network using innovative computer modelling techniques. This aims to
prove that the infrastructure risk of introducing regeneration is tolerable
and so avoid the need to install an intertripping system. The DC
intertripping system has been prohibitively expensive for network wide
roll out, and this perceived requirement has previously prevented the
introduction of regenerative braking.

94. Additionally, the Network Rail and London Underground DC networks

are connected together at five locations in the London area.
Segregation of these networks is required to avoid over voltages on
existing LUL rolling stock, before the complete DC network can be
declared regenerative compatible.

95. The receptivity on the network depends on the density and balance of

trains that are motoring or braking. It is likely that as more trains are
introduced with regenerative braking enabled, the benefits per train are
likely to become less, and so will drive the need to store the recovered
energy.

DC Regenerative Braking i Phase 2

96. Options to improve the efficiency of DC regeneration include:

1 Installation of invertor substations to allow DC energy to be
converted into AC energy and distributed back to the National Grid;
1 Energy storage devices located at key trackside locations ; and
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1 Energy storage devices on trains.

97.The industry is currently focusing on phase 1. The phase 2 options
have yet to be explored in detail and costed.

Retractioning/Re-engining

98.There are a range of options for improving the carbon performance of
existing rolling stock, notably:

1 Upgrading diesel trains with more efficient diesel engines and
transmission systems;

1 Introducing on-board energy storage such as batteries/flywheels on
diesel trains (akin to hybrid technology in the automotive sector); and

1 Modifying existing electric trains so that they are capable of
regenerative braking where viable.

99. Further information on these opportunities is provided in Annex D.

Freight
100.

The freight industry is evaluating a range of abatement options

based on their perceived benefits, risks and costs. The options being
given serious consideration include:

T
il
il

= =4 =4

= =4

Longer trains by negotiation with Network Rail

Fuel-water emulsions and/or fuel additives

Aerodynamic improvements to wagons to reduce drag and
hence improve fuel economy

Replacement wagons with better bearings and steerable bogies
Regenerative braking/energy storage wagons

Re-engining or modifying existing locomotives to improve fuel
consumption

Hybrid replacement locomotives

Extending electrification into sidings at coal terminals and power
stations and intermodal depots to allow use of electric traction
over the whole diagram
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Conclusions

101. Rail is responsible for less than 1% of UK carbon emissions. In
general terms it performs well from a carbon efficiency perspective
compared to other modes, in particular on busier routes with high
passenger and freight loadings.

102. In the short term, passenger and freight operators are planning
to implement a range of energy saving measures. These will reduce
carbon emissionsupto 14% bel ow the fido nothingodo sce

103. However, rail 6s abil it yutherantheeduce <ca
short to medium term is constrained by a range of factors, in particular:

1 The need to provide additional rail capacity to support wider
Government economic and social objectives;

1 The relatively long life of rail assets such as rolling stock which
inhibits the rapid introduction of new low-carbon technologies; and

1 The strong focus on improving performance (punctuality and
reliability) within the existing regulatory regime.

104. This is reflected in our modelling work which suggests that rail
emissions will increase under business as planned conditions in
absolute terms by 2022 by between 7.9 and 13.4% over their 2008
base case level.

105. Nevertheless, our scoping of potential carbon abatement options
has highlighted some significant opportunities including whole system
optimisation, DC regenerative braking and additional electrification.
Our next phase of work will attempt to quantify the costs and benefits
of these measures in more detail.

106. Significant i mprovements in rail s ca
require concerted cross-industry action. This will require a cultural
change within the industry with appropriate support through the
regulatory and franchise systems.

28



Annex A

Membership of Rail Carbon Trajectory Working Group

Tom Worsley (chair)

Head of Network Analysis and Modelling, DfT

Peter Horsted

EWS

Angus Johnston

Freightliner

Richard Stainton

Network Rail

Mike Tatton

Rail Safety and Standards Board

Rafat Khadim

Rail Safety and Standards Board

lan Papworth

Association of Train Operating Companies

Phil Hinde

Association of Train Operating Companies

Abiola Imoukhuede

Transport for London

Peter Randall

Rail Systems, DfT

Mark Gaynor Rail Systems, DfT
Alberto Pompermaier Network Analysis and Modelling, DfT
Richard Nell Angel Trains (on behalf of the Rolling Stock

Companies)

Caroline Spencer
(observer)

Committee on Climate Change

29




Annex B

(Source of maps: Network Rail)
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