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The financial optimisation of road maintenance in
London
Duro Basic
Roads & Bridges Manager, Street Management, Transport for London
Arup
23 April 2008
CONTEXT
Transport for London (TfL) is responsible for the management of the
strategic road network within the Greater London area. The Transport for
London Road Network (TLRN) represents some 5% of London’s total
road network. The vast bulk of the remainder is the responsibility of the
33 London Boroughs, with only a few sections of motorway being the
responsibility of the Highways Agency. The TLRN is divided into five
geographic areas – North Central, South Central, North & East, South &
East, and North & West – as listed below.
Table 1: TLRN areas
Area

Covers the London Boroughs of

North Central

Camden, Islington, Westminster, Kensington &
Chelsea, City of London

South Central Wandsworth, Lambeth, Southwark, Lewisham
North & East

Enfield, Haringey, Highbury, Tower Hamlets, Waltham
Forest, Redbridge, Newham, Barking & Dagenham,
Havering

South & East

Greenwich, Bexley, Bromley, Croydon, Sutton, Merton,
Kingston-upon-Thames

North & West

Richmond-upon-Thames, Hounslow, Hillingdon, Ealing,
Harrow, Brent, Barnet, Hammersmith & Fulham

The TLRN carries around 30% of all traffic in London and forms an
essential part of London’s integrated transport infrastructure. This road
network is about 100 times more heavily used than the average UK
highway. It comprises 580 kilometres of highway infrastructure, involving
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2,500 lane-kilometres of road. It has over half a million individual assets,
including 2,000 structures and 45,000 individual lighting points.
However, until some 7 years ago TfL knew very little about this London
road network and its vast array of assets. This talk demonstrated how
knowledge had been improved and the effects of that improved
knowledge.
THE BUSINESS OF CARRIAGEWAY AND FOOTWAY
MAINTENANCE
TfL found great variations in the amount of information about the various
parts of the road network which it inherited from the 33 boroughs. An
important initial objective was to establish a standardised view of the
assets and their condition. There was also no overall strategic view of
what maintenance or remedial works were required.
The initial goals and objectives set for the Street Management team in
2003 were to:
• Clear the backlog of highway maintenance by 2011, in line with
national government policy
• Treat the carriageways and footways in the most economical
manner
• Maintain the carriageways and footways in a steady state of good
repair
This was to be achieved within the context of the then Mayor’s overall
Transport Strategy, which included improving the quality of the street
environment and carrying out works with the least disruption to traffic.
In order to implement the strategy, goals and objectives, the Street
Management team needed to understand much better what assets it
was responsible for, the condition of those assets and the service levels
those assets were expected to fulfil (such as keeping the traffic moving).
To do this an Asset Inventory and Management System (AIMS) was set
up, designed to work in conjunction with TfL’s Geographic Information
System (GIS). All the Street Management assets are represented in a
GIS plot format on AIMS, to which every TfL highway engineer has
access.
AIMS also enabled a comprehensive condition index to be drawn up for
the TLRN using a standard assessment measure: UK Pavement
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Management System (UKPMS). This system rates carriageway and
footway condition on a scale from 0 to 100, as shown below.
Table 2: ratings scale for carriageway and footway condition
Index

Meaning

0 - 30

Good condition

30 - 50

Servicable with minor defects

50 - 70

Has significant defects which require attention

70-100

Poor condition and requires urgent remedial work

Figure 1 shows the various lengths of carriageway in each of the TLRN
areas falling into these Condition Index (CI) bands in 2002/03.
Figure 1: TLRN carriageway survey 2002/03 Condition Index (CI) bands

In its early form AIMS was only able to show which GIS sections of route
fell into the various CI bands. More recently the system shows engineers
the condition of actual areas of road surface.
USE OF THE DATA
The data collected, analysed and displayed through AIMS has enabled
TfL to establish Best Value Performance Indicators and Bridge Condition
Indicators for the TLRN. It has also enabled the Street Management
team to construct models for planning its business and maintaining its
assets. These have led to a more logically-based distribution of funds
and improved project prioritisation. The data have also provided TfL with
an effective means of valuing its highway assets.
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Capital Maintenance involves resurfacing and associated works on a
significant stretch of highway to bring the carriageway and/or footway up
to a high standard, whereas Operational Maintenance is essentially
patch and mend. As part of the modelling, the Street Management team
constructed various spending scenarios and, from the data previously
collected, was able to demonstrate how increased spending on Capital
Maintenance could lead to a reduction on Operational Maintenance,
producing an overall saving. Currently TfL spends around £30 million on
Capital Maintenance, with the London Boroughs spending a further £45
million per annum.
To back up this assessment, the Street Management team
commissioned University College London (UCL) to review research
conducted by the highways authorities in the State of Oregon (USA) on
maintained versus non-maintained county roads. This review showed
that, to within 5%, the results for focusing spending on Capital
Maintenance were the same, in terms of steadily improving highway
condition and lower overall expenditure, as predicted by the TfL model.
OUTCOMES
The data collected and analysed through AIMS has verified the
assumptions on the types and average costs of treatment appropriate to
carriageways and footways with different Condition Indices. It has
enabled rational decision-making on the proportion of funds to be spent
on sections of highways falling into the various Condition Index bands. It
has also enabled the life cycle of carriageways and footways to be
matched with the anticipated rate of deterioration. Inevitably, some
expenditure will be on parts of the road surface which are still in a good
condition, because Capital Maintenance resurfacing has to take place in
substantial “chunks”. However, the effect of the strategy has been to
produce and overall shift in the Condition Index for the network.
As the following chart shows, in 2005/06 engineers were not prioritising
carriageway treatment strictly in accordance with condition. However, by
2007/08 the effects of centralisation of maintenance control were
beginning to have an effect. Money is now being directed towards
treatment of carriageways in the worst condition.
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Table 3: Percentage of carriageways within CI bands treated
Year

70+

Total
(30+)

3%

13%

22%

10%

7%

17%

33%

31%

11%

9%

27%

46%

44%

13%

11%

22%

46%

30 - 50 50 - 70

0

0 - 30

2005/06

43%

34%

6%

2006/07

30%

36%

2007/08

23%

2008/09 (forecast)

10%

THE FUTURE
TfL’s Street Management team intends to improve the optimisation and
programming of maintenance even more. Specific attention will be
directed towards applying more sophisticated weightings to the models,
based on a better understanding of user perceptions. For example,
should more attention be directed towards maintenance of footways, as
an alternative to carriageways? On which routes should attention to the
carriageways be directed?
There is also a desire to improve the modelling and optimisation of
maintenance on other assets, such as lighting or street furniture, and to
develop longer term programmes for carriageway and footway
maintenance covering 5 or even 20 years. Another intention is to use the
system to achieve better coordination of programmes of works with
utilities and the London Boroughs, so as to avoid multiple sequences of
works affecting the same traffic flows.
Further application of the asset management system should help
towards identification of investment needs and priorities based on the
whole life costs of the highway assets. This will facilitate decisions about
how much to spend now, versus how much it will be necessary to spend
later. There is also a need to develop tools to measure trade-offs such
as those between overnight and daytime resurfacing work, taking into
account the costs of the delays to traffic at different times. It should also
allow levels of resurfacing activity to be reviewed and revised in
response to changes in the available funding, whilst optimising the
outputs.
TfL’s Street Management team is also looking to conduct research into
the public perception of carriageway and footway condition and
maintenance, asking Londoners what outputs they actually want from
their highways. Should more attention be directed towards footways or
-5-

carriageways? Are they willing to pay more up front and have fewer
roadworks over the next 30 years, or continue with a similar level of
spend and disturbance to now?
TfL would also like to benchmark externally its levels of service on
highway maintenance and to share best practice with other highway
authorities. It would also like to participate in more research into the use
of innovative and sustainable materials, and to examine the potential
effects of climate change, particularly the increased likelihood of extreme
weather events.
CONCLUSION
The application of asset management techniques to highways
represents a strategic approach which is capable of identifying the
optimal allocation of resources for the management, operation,
preservation and enhancement of the highway infrastructure to meet the
needs of current and future users.
DISCUSSION
Jillian Beardwood wished to clarify what weightings were used in the
model, particularly in regard to traffic or pedestrian flows over specific
sections of highway. Duro explained that the principal factor in the model
was the condition of the carriageway or footway. Some weighting was
applied to the location of the asset, for example to footways in busy
shopping areas.
Peter White (University of Westminster) asked about the application of
Discounted Cash Flow (DCF) techniques when assessing whole life
costs. Duro confirmed that they currently use the discount rates as set
out in the government’s Green Book. However, they had some concerns
over rates of inflation, since in his view prices in the construction industry
tended to rise faster than general RPI.
Tom Worsley (Department for Transport) wanted to know whether the
modelling had produced a forecast of the optimum maintenance policy
over the longer term. In addition, he asked whether they could forecast
how condition might vary following roadworks by utilities or changing
weather patterns. Duro explained that the model at present only looked
to predict for the next 5 years or so. It operated at a high level and did
not currently address short stretches of the network. Both longer term
planning, and looking in greater detail at the effects of utilities or specific
-6-

vehicle types on particular parts of the network, were aspects of the
model they were aiming to develop in the future.
David Leeming (London TravelWatch) considered that utilities should
be asked to pay a greater premium towards highway maintenance. A
great deal of the maintenance costs appeared to be associated with
manhole covers. Might it not be better to have fewer utility access points
in the carriageway even if this imposed greater costs on the utilities
themselves? Duro felt that every highway authority in the country would
support such a view and would like more control and better charging
arrangements for the activities of the utilities. The difficulty was in
persuading national government to change the balance of power.
Dick Allard (Queen Mary College, University of London) asked if the
data allowed any conclusions on the costs imposed on highway
maintenance by utilities, and by different forms of traffic such as buses
and HGVs. He noted that TfL had some control over access by HGVs to
particular sections of highway. Duro confirmed that at this stage the
model was too high level to answer such questions with any confidence.
Further modelling at a more detailed level would enable them to try to
correlate traffic flows with the rate of deterioration of the carriageway.
This could lead to better traffic controls being applied over particular
stretches of route. Tom Worsley, developing this theme, asked whether
the work had lead to any understanding of which designs of buses had
the least impact on the carriageway. Were bendy-buses better or worse
than traditional designs. Duro felt that the model had not been
developed far enough to answer such specific questions at this stage.
Coralie Triadou (Steer Davies Gleave) asked how specific the model
was in terms of time periods and locations. Duro confirmed that as yet
they had only reached the stage of being able to model the network as a
whole for a year as a whole. As he had indicated they were developing
the model to look at sections of the network and at whole life costs.
Tom Cohen (Steer Davies Gleave) wanted to know how close the
modelling work was to developing Benefit Cost Ratios (BCRs) for
particular aspects of maintenance. It appeared to him that cyclists
benefited significantly from improved standards of carriageway
maintenance. Oxford had given priority to the condition of the
carriageway nearest the pavement because cyclists tended mostly to
use this part of the surface. Also, since one of the current Mayor’s
objectives was to encourage walking, might there be additional benefits
from improving maintenance of footways? Duro explained that at present
BCRs were only used in the context of evaluating the effects of delays
-7-

and congestion to road vehicles. He appreciated that different highway
users had differing levels of acceptability with regard to condition, for
example the effects of uneven footways on wheelchair users.
Unfortunately, it was rarely economic to undertake capital maintenance
work only where a strip of carriageway had deteriorated. However,
improved use of weightings in the model could lead to altered priorities
for when work was undertaken, to the benefit of cyclists.

Report by Gregory Marchant
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Appraisal of the dynamic use of the hard shoulder
Nick Fenton
Group Manager, Traffic Appraisal Modelling & Economics (TAME)
Highways Agency
Arup
26 November 2008
INTRODUCTION
The talk covered a brief history of the dynamic use of the hard shoulder
on the M42 motorway and how this had operated in practice. Nick
Fenton described the challenge of assessing the benefits of “Managed
Motorway - Dynamic Hard Shoulder” (MM-DHS) use, the assessment
tools employed by the Highways Agency and the findings from the M42
pilot scheme, which remains the only example of MM-DHS operation in
the UK, although further initiatives were being considered.
HISTORY
The M42 pilot scheme began in September 2006 on a section of the
M42 southeast of Birmingham, between the M40 and the M6, Junctions
3A and 7, in both directions. Key features of the scheme are:
• Gantries above the motorway every 500 metres with signals and
Variable Message Signs (VMS)
• Induction loops on all lanes every 100 metres
• Variable mandatory speed limits applied to all lanes (as on the
M25 between Junctions 6 and 10)
• Dynamic use of the hard shoulder during periods of congestion
• Provision of Emergency Refuge Areas (ERAs) for vehicles when
they break down
Dynamic use of the hard shoulder is brought into use according to traffic
speeds. Before initiating MM-DHS use there has to be a visual check
that there are no obstacles on the hard shoulder. As traffic speeds fall,
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the motorway control centre manually initiates operation of hard
shoulder running. During MM-DHS operation, speed on all lanes is
limited. When the pilot was first introduced, speed was limited to 50mph
but, following a trial on one link, the limit was subsequently raised to
60mph. Safety is a key consideration when choosing to use MM-DHS;
its operation has to provide Globally At Least Equivalent (GALE) safety
on the motorway compared to not employing the facility.
FINDINGS OF THE M42 PILOT
Significant findings from MM-DHS operation have been an increase in
the maximum throughput of the motorway, improved journey time
reliability for motorway users, and a large reduction in personal injury
accidents, although given the small sample this last result may not be
statistically significant and may be primarily due to the imposition of the
lower overall speed limit. In addition, there was found to be improved
compliance with speed limits by motorway users and a limited
improvement in overall journey times, with some small improvements in
air quality and reduction of CO2 emissions, although again this may have
resulted from lower top speeds.
Figure 1: M42 pilot speed-flow diagram

The initial success of the pilot led to consideration being given to a wider
application of hard shoulder running. As shown by the speed-flow
diagram above, use of MM-DHS means that overall the traffic does not
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go as slowly as it did before, albeit that, with the imposition of the
50/60mph speed limit, some motorway users may be travelling more
slowly than they did previously.
APPRAISAL APPROACH
The team at TAME felt that the conventional appraisal methods used by
the Highways Agency would tend to underestimate the benefits from
MM-DHS, since these methods were based on assessing results for an
“average” hour. Standard WebTAG methodology uses the average hour
to represent traffic behaviour in each hour of the Morning Peak, Evening
Peak and Inter-Peak periods. For appraising MM-DHS such average
hours may be nowhere near representative, since hard shoulder running
may be in operation for relatively short parts of each peak (or inter-peak)
period and for different lengths of time on different days, e.g. on Monday
mornings or Friday evenings.
Consequently a methodology was needed which took into account the
effects of MM-DHS for every hour during the year. Also, the standard
Highways Agency COBA methodology uses only 8 flow groups to
represent the annual profile of traffic, of which only 2 flow groups
represent off-peak traffic conditions, over a total of 4,370 hours in the
year. The spreadsheet model developed by TAME has refined this
approach by constructing 15 flow groups and allocating traffic data from
each of the 8,760 hours in the year to one of these 15 flow groups. This
more refined approach enables, for example, high volume weekend
traffic flows to be taken into account.
The Highways Agency Traffic Information System already holds volume
and speed data for every link of the Highways Agency road network at a
minimum disaggregation of 1 hour, thus enabling the TAME model to be
used to predict an annual profile for the effects of MM-DHS. Traffic
growth is also taken into account, using flow predictions from either the
National Transport Model or more localised models. The spreadsheet
then interpolates the growth in traffic flows for each year within the
period for which growth forecasts are available, before assigning these
to the individual flow groups for that year. Forecast flows are cut off to
ensure that flows do not exceed capacity. Zero growth is assumed after
the last year for which an explicit forecast is available.
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OUTPUT OF THE “TAME” SPREADSHEET MODEL
Using this methodology, the spreadsheet model can quantify transit time
benefits for each link on the motorway, the extent of delays for merging
traffic (when the motorway is operating at 75% capacity) or queuing
traffic (when the motorway is operating at 100% capacity), the impact
on vehicle operating costs, and changes in indirect tax revenue. It also
provides a comparison between hard shoulder running with the speed
limit set at 50mph and at 60mph, and predicts the first year after
installation in which the benefits from MM-DHS accrue.
Both tabular and graphical outputs of the benefits can be produced from
the model. An example of the gross overall discounted benefits over a
60 year period is shown below. This assumes that the dynamic hard
shoulder running can be implemented and operated optimally. Costs of
setting up and operating the scheme are not included.
Figure 2: total discounted benefit stream
£3.000

£2.500

£2.000

Benefits (£Ms)

£1.500
Scenario 2 - D3M+H/S (50mph)
Scenario 3 - D3M+H/S (60mph)
Scenario 4 - D4M
Scenario 2 Switch On
Scenario 3 Switch On

£1.000

£0.500

£0.000
2011

2021

2031

2041

2051

2061

2071

-£0.500

-£1.000
Year

Other charts demonstrated the gross discounted values arising from
various components of the benefits, such as merge/queuing delays or
vehicle operating costs.
CURRENT SITUATION
Nick emphasised that at present the model is very much a “Stage 1”
appraisal tool, intended to provide an initial indication of whether and
where hard shoulder running might be a possible option for increasing
the throughput on congested sections of motorway. The model was
never intended to substitute for a full economic evaluation of the costs
and benefits of MM-DHS.
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However, TAME proposes to refine the model to enable the appraisal of
dynamic hard shoulder running over consecutive links of the motorway.
Currently the model assesses the effects of each link separately and a
manual evaluation is needed to aggregate the effects for a longer stretch
of motorway. The model can be used to appraise the potential effects of
enabling hard shoulder running through junctions.
Development of the model had enabled the Secretary of State to
announce, in February 2008, that there were links in the motorway
network where hard shoulder running could provide benefits for users,
and that a programme of priorities for hard shoulder running was being
considered. This programme would be tested using the National
Transport Model, with the following options being considered:
• Planned motorway widening
• Equivalent hard shoulder running
• Priority hard shoulder running
Potential priority links are shown in the Annex A to this report.
NATIONAL TRANSPORT MODEL OUTPUT
Results so far from the National Transport Model indicated that the
following changes in traffic speeds might be achieved from each of the
proposed scenarios, relative to the reference case.
Table 1: modelled changes in traffic speeds and volumes
Change in …
Peak
period speed
Inter-peak
period speed
Traffic
volumes on
links

Planned
Motorway
Widening
48mph

Equivalent Hard
Shoulder
Running

57mph 48mph

=
+20%
51mph

57mph 47mph

=
+18%

60mph 51mph

Priority Hard
Shoulder
Running
54mph

=
+16%

59mph 52mph

59mph

=
+17%

=
+14%

=
+12%

+2%

+2%

+2%
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The results also indicate that hard shoulder running would be used
significantly even during the inter-peak period, as shown on the chart
below.
Figure 3: Hard Shoulder Running (HSR) use by time period

The traffic impacts of hard shoulder running as assessed from the
National Transport Model are set out in the table in Annex B.
The conclusions drawn from the evaluation using the National Transport
Model are that:
• A programme of hard shoulder running provides overall user
benefits
• Demand responses are similar for motorway widening and hard
shoulder running
• There are very small differences in benefits between hard shoulder
running and motorway widening
DISCUSSION
David Starkie asked whether the option of motorway widening to 4
lanes combined with hard shoulder running had been considered, and
what the relative costs were of widening and implementing hard
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shoulder running. Nick replied that the Highways Agency had not
considered the combination of hard shoulder running and widening. This
would be equivalent to two additional lanes during periods of high
demand. It was an either/or approach, although the spreadsheet tool
had the capability to assess hard shoulder running on 4-lane motorways.
The costs of the two options depended largely on the age of the
motorway. On older motorways the hard shoulder had been built to a
lower standard than the carriageways, so that substantial engineering
work was required in some cases to bring these hard shoulders up to
carriageway standards. On more recently completed motorways the
hard shoulders were to the same standards as the carriageways and
there were less likely to be issues of drainage gullies and manholes
within the hard shoulder. The costs of motorway widening were very
much influenced by any need to rebuild bridges.
Gradimir Stefanovic (GS Transport Consultancy) suggested that where
the hard shoulders were built to lower standards that the carriageways,
one option might be to restrict their use in some way. Nick responded
that Highways Agency policy was always to bring hard shoulders up to
full carriageway standards before allowing traffic to use them regularly.
David Metz (University College London) suggested that the Highway
Agency had consistently underestimated the effects of motorway
widening on induced traffic growth. Would the same not be true following
the introduction of hard shoulder running? Nick reiterated that the
appraisal methods were the same for hard shoulder running as for
widening. The Highways Agency expected the responses from users to
be the same, in line with the extra capacity created. The TAME
spreadsheet model was only a preliminary stage leading to a full
appraisal.
David Starkie wondered whether different traffic mixes had an impact
on the effects of hard shoulder running. Since HGVs tended to
concentrate in the slow lane, might they also be the main users of hard
shoulder running? If so, on motorway sections with differing
concentrations of HGVs, the assessed benefits of hard shoulder running
could be very different. In particular, merging delays might be higher the
greater the number of HGVs. Nick explained that the model assumed
that the traffic mix would be the same as on a 4-lane motorway, with an
even distribution of vehicle types across all lanes, except for the lane
nearest the central reserve. Unfortunately, TAME does not have
sufficiently detailed data to model the effects on merging of different
mixes of traffic in the various lanes.
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Stephen Glaister (RAC Foundation) observed how the evaluation
demonstrated the benefits in capacity and overall speed of controlling
traffic on motorways in much the same way as signalling-controlled
movement on railways. He was not surprised that the benefits in
reliability were large. However, he wondered what the requirements in
motorway management resources might be if hard shoulder running was
adopted on a large scale, since signalling was a large element of the
costs of operating a railway. Nick confirmed that there was a big
difference in the reliability benefits observed from hard shoulder running
as compared with widening, which was largely due to the availability of
an additional lane in the widening option during incidents. How much
hard shoulder running each Highways Agency Regional Control Centre
could handle is an issue.
Peter Jones (Imperial College) asked whether the evaluation assumed
the introduction of variable speed limits under the widening option, and
what evidence there was of induced traffic growth during the M42 pilot
scheme? He also observed that some widening schemes appeared to
be going ahead in advance of consideration of hard shoulder running.
Nick confirmed that variable speed limits were part of the widening
option. There was no evidence of significant induced traffic arising from
the pilot. The decision to widen sections of the M25 had been taken
some time before the appraisal of dynamic hard shoulder running.
Stephen Glaister and other members wondered whether the CO2
emissions had been fully assessed, given the change from stop-start
driving and higher average (but lower top) speeds. Nick explained that
emissions at lower and irregular traffic speeds are not well understood,
so the emissions benefits were based purely on the changes in average
speeds.
Several members wished to know more about the practicalities of
dynamic hard shoulder running, including what happened at junctions,
the effects of breakdowns, and overseas experience with active traffic
management on motorways. Nick explained that, while through junction
running might provide benefits, it could be costly to implement on some
sections of motorway due to lane reconfiguration and bridge widening.
The Highways agency already had a methodology for evaluating the
effects of lane closures due to breakdowns and other incidents.
However, the methodology did not feature either as part of the
spreadsheet model or in the National Transport Model evaluation. Hard
shoulder running was used to a limited extent in the Netherlands and
more extensively in Germany, but not on the scale being considered in
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England. Unfortunately, these countries tend not to evaluate the results
in such detail as in the UK, so effective comparisons were not possible.

Report by Gregory Marchant
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ANNEX A : POTENTIAL MANAGED MOTORWAY NETWORK
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ANNEX B : TRAFFIC IMPACTS OF HARD SHOULDER RUNNING
RELATIVE TO THE REFERENCE CASE
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Railway electrification – the financial case
Chris Stokes
Director of the RAC Foundation and Emeritus Professor of Transport
and Infrastructure, Imperial College London
Arup
25 February 2009
BACKGROUND
Chris Stokes began with some comments on the background to rail
electrification in Great Britain. Only 39% of the rail network is electrified,
a low proportion by European standards. The last major scheme was the
East Coast Main Line (ECML) in 1989-1991, although more recent and
smaller schemes have included:
• Cambridge-Kings Lynn in 1992
• Birmingham Cross City in 1993
• Leeds North West in 1994
• Heathrow Express in 1998
All but the first (the justification for which Chris doubted) were urban
rather than interurban schemes.
In the period immediately following privatisation, the presumption had
been that the industry would evolve into an entrepreneurial Railtrack
developing the infrastructure to provide the needs of market-driven, and
increasingly
open-access,
operators.
Electrification,
requiring
coordinated investment in infrastructure and rolling stock, had generally
been “too difficult”.
The July 2007 White Paper appeared negative, but by October 2007 the
Department for Transport had been cautiously positive in its response to
an ATOC/Network Rail letter, and the Secretary of State is now
consistently positive, with possible announcements later in 2009.
In 2007, Rail Safety and Standards Board (RSSB) had indicated that
there was an economic case for electrification of the Midland Main Line

- 20 -

(MML) and part of the Great Western Main Line (GWML) to Oxford and
Bristol or Swansea, although Chris argued that Oxford, Bristol and
Cardiff or Swansea would be more appropriate. He suggested that the
study had weaknesses, in particular that:
• While strong on assessing infrastructure costs, it had understated
rolling stock capital and maintenance cost benefits.
• Incremental electrification options or alternative rail service
patterns had not been considered. In particular, electrification
assumptions had reflected current service patterns, determined in
part by the location of diesel depots, rather than the optimum
scope of electrified services.
As of early 2009, electrification is being evaluated in two parallel
workstreams. Network Rail is working with the industry to develop the
case as part of the Network RUS, due in March 2009. In parallel,
Network Rail, DfT and ATOC are working together on a tripartite basis.
On costs, Chris saw two priorities: capital costs and disruption.
RSSB’s study quoted a capital cost of £550-650,000 per single track
kilometre, but Network Rail is challenging the supply industry to reduce
this, aiming for £400,000 per single track kilometre as part of a rolling
programme, and DfT hopes for even lower costs.
However, disruption costs are a significant element of the costs of much
infrastructure work, and the passenger and freight operators need a
working railway. Electrification of the West Coast Main Line (WCML) was
achieved partly by diverting Birmingham services to Paddington and
Manchester services to St Pancras, with major disruption on the route
for several years.
Network Rail currently envisages achieving £400,000 per single track
kilometre using high output “factory” trains, three of which could electrify
600 single track kilometres per annum. Starting during CP4 and building
up output through CP5, overhead line could be installed in “rules of the
route” possessions, with the need for additional possessions being
limited to dealing with difficult structures and resignalling. A five year
programme at this output rate could deliver electrification of:
• MML from Bedford to Nottingham and Sheffield via Derby
• GWML from Reading to Oxford, Bristol and Cardiff
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• CrossCountry between Edinburgh and Bristol and Manchester and
Bournemouth
• North TransPennine from Liverpool via Manchester to Leeds and
Newcastle
THE CURRENT WORK
In February 2008, Chris was asked by ATOC to evaluate the business
case for electrification, with a focus on the financial case and no attempt
to quantify uncaptured benefits such as time savings, crowding and
emissions. Chris admitted that he was initially sceptical that there would
be a financial case. ATOC initially worked with Network Rail, but DfT
subsequently also became involved.
A key issue was the quantification of benefits of switching from diesel to
electric traction. For rolling stock Chris used TOC data, supported by
discussion with a manufacturer and a ROSCO. While obtaining
consistent or normalised data was difficult, the differentials between
diesel and electric stock were consistent:
• Leasing cost savings were estimated at £20,000 per vehicle per
annum. EMUs have both lower capital costs and higher residual
value, although Chris noted the potential circularity that ROSCOs
anticipate electrification and hence low residual values for diesel
stock, pushing up its leasing costs and hence favouring
electrification. DfT had set up a “GoCo” to procure the 200 diesel
vehicles required for the High Level Output Specification (HLOS)
for Control Period 4 (CP4).
• Maintenance savings were estimated at 20p per vehicle mile.
Chris was pleased to report that, following the analysis which led to
these numbers, a manufacturer had suggested to him that the “right”
numbers would be around £20,000 per vehicle per annum and 20p per
vehicle mile.
On fuel savings, and the benefits of regeneration, better information was
available, and analysis of June 2008 ATOC data suggested an estimate
of around 20.9p per vehicle mile. Chris also examined how this saving
might vary with the absolute level of fuel prices, shown below.
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Figure 1: relationship between diesel and electricity costs
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Chris suggested that electricity prices in Britain are currently driven by
gas prices, which in turn are closely related to oil and hence diesel
prices. This relationship did not necessarily hold in other countries such
as New Zealand, where hydro power is probably more important, and
France, where nuclear generation dominates. In Britain, however, it
implied that more than doubling electricity prices from 3.1p/kWh to
7.6p/kWh would only change the differential fuel cost from 12p per
vehicle kilometre to 17p per vehicle kilometre.
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Figure 2: differences between diesel and electricity costs
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Variable track access charges (VTAC) published by ORR for Class 170
DMUs and Class 357 EMUs suggest that the lighter electric vehicles
also save around 2.4p per vehicle mile in infrastructure wear and tear.
Chris next turned to the revenue benefits of electrification. He had
assumed no “sparks” effect of additional demand purely because of
electric traction, but that electrification would result in journey time
savings of:
• 4% on regional/commuter travel, with demand elasticity -0.6
• 2% on intercity travel (equivalent to 2 minutes between London
and Bristol), with demand elasticity -1.2
He also noted that these benefits would increase over time: a steady
demand growth of 2.5% per annum (less than assumed in many
franchise bids) would result in a 75% growth after 23 years.
Chris also listed a range of impacts which had not been quantified. No
benefits were assumed for:
• Performance, although the increasing reliability of electric trains is
partly offset by the impact on failures in the overhead line and
constraints on diversionary routes.
• Freight: operators might in principle benefit, but it would be difficult
to demonstrate in advance any willingness-to-pay.
• The environment, although electrification reduced noise, air
pollution and, at least locally, emissions.
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• Future fuel availability, particularly if, or rather when, peak oil is
passed.
No account was taken of the trend for EU fuel and emissions legislation
not only to increase diesel costs and weight but also to reduce the
passengers which could be carried in each vehicle. Specifically:
• Fuel costs may rise by 1-3p per litre
• Fuel consumption may rise by 2-5%
• Where infrastructure constrains the number of trains and their
length, electric trains are likely to have greater passenger capacity
than diesel trains
Chris noted that the Intercity Express Programme (IEP) specified not
only diesel and electric trains but also bimodes, which could operate
beyond the wires, important on some routes. Bimodes would also “topup” electric power with diesel while under the wires, and on a London to
Edinburgh run might therefore use around 15% of the diesel fuel
required by a high speed train. However, Chris stressed that as yet only
notional data for IEP are available.
These assumptions were evaluated using criteria broadly consistent with
DfT guidance: a project life of 60 years, a discount rate of 3.5% for 30
years and 3% thereafter, optimism bias of 66% on capital costs of
£500,000 per single track kilometre on high speed routes and £450,000
per single track kilometre elsewhere, but with no specific allowance for
disruption costs.
In practice, capital expenditure would presumably be funded by Network
Rail through its Regulatory Asset Base (RAB), and revenue gains and
cost reductions would be captured by DfT through franchise competition.
ROUTES EVALUATED
A number of routes had been evaluated on this basis, as summarised
below.
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Table 1: routes and issues
Route

Coverage and issues
Electrification incremental to Crossrail to Reading: to
Oxford, Bristol and Cardiff

Operation by bimodes to Swansea, Cheltenham and
Great
the Cotswold Line
Western Main
Line (GWML) Operation by diesel retained on the West of England
route
Timing following Reading remodelling and
resignalling, ERTMS fitment and HST replacement
Midland Main
Line (MML)

Electrification from Bedford to Nottingham and via
Derby to Sheffield (not Leeds, which Chris argued is
served largely to reach a depot there)
Operation by electric IEP

Electrification incremental to GWML and MML: York
to Sheffield, Derby-Birmingham-Bristol, BirminghamCrossCountry Oxford, Reading-Basingstoke
Operation by diesel retained west of Bristol, and dual
voltage used Manchester-Bournemouth

North
TransPennine

Chiltern

Electrification incremental on CrossCountry:
Liverpool-Leeds, Northallerton-Middlesbrough (Chris
noted that 52% of Liverpool-Newcastle, including all
the major centres, is already electrified)
Some service changes, with Hull and Scarborough no
longer served direct (this would require judgements by
DfT)
Electrification incremental on CrossCountry:
Marylebone-Aynho, Hatton-Stratford-on-Avon,
Tyseley-Birmingham Snow Hill
Operation by diesel retained Marylebone-Aylesbury

Cardiff
Valleys

Electrification would allow 10% journey time saving
and hence resource savings
Capital expenditure might be lower, reflecting
favourable route characteristics

The results, which Chris stressed were his numbers, were as follows.
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North
TransPennine

Chiltern

Cardiff Valleys

517

329

673

211

176

209

Benefit NPV £m

1,367

953

1,245

381

297

236

2.6

2.9

1.9

1.9

1.7

1.2

Fuel savings

38%

40%

35%

36%

32%

26%

Train maintenance

18%

17%

16%

34%

30%

25%

Train leasing

22%

25%

26%

16%

18%

39%

Revenue

15%

9%

14%

10%

17%

8%

Track wear and tear

8%

9%

10%

4%

4%

3%

MML

Capital cost £m

GWML

CrossCountry

Table 2: indicative results

Cost-benefit analysis

BCR
Benefits

Yardstick: hourly vehicle miles per track mile electrified
44.5

41.6

38.2

24.1

19.9

11.3

The composition of the benefits seemed broadly plausible, with a low
proportion from maintenance savings on the long distance routes but a
higher one on the shorter routes, and high leasing cost savings on
Cardiff Valleys where productivity gains would be greatest.
Chris also noted the apparent correlation between the “yardstick” of
hourly vehicle miles per track mile electrified and the benefit cost ratio,
also shown below.
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Figure 3: relation between intensity of track use and benefit-cost ratio
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Although not included in the financial analysis, Chris argued that
electrification also reduces rail’s carbon footprint through inherently more
efficient energy conversion, although the scale of carbon reduction
depends on the energy mix. In addition, a more cost-effective and higher
capacity railway would deliver modal shift. There would also be
significant local benefits, particularly at stations, with major reductions in
noise and emissions.
Chris also attempted to identify what had changed since the 1981
Electrification Review by British Rail and the then Department of
Transport, as shown below.
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Table 3: comparison of findings with 1981 Electrification Review
1981
(BR / DoT)

Benefits

2008
(ATOC)

Fuel savings
Rolling stock maintenance
Rolling stock capital expenditure/lease costs
Revenue
Infrastructure wear and tear/VTAC
Train crew costs
Freight
Revenue gains had been expected to be greater in 1981, reflecting the
slower diesel trains then operated. Shorter journey times were also
expected to save train crew costs. Chris was sceptical about the
assumed benefits to freight, assuming freight tonnage in 2005 of 175
million tons, against 102 million tons actually achieved, and probably
needing additional and expensive wiring into mines and power stations.
In contrast, passenger activity had grown, as shown in the trains per day
comparisons below, giving greatly improved benefits for similar capital
investment.
Table 4: changes in passenger train service by route
Route

1989

2009

Change

Marylebone-Banbury

11

46

+318%

St Pancras-Leicester

33

66

+100%

Birmingham-Reading

16

32

+100%

Cardiff-Pontypridd

56

91

+63%

Paddington-Cardiff

20

29

+45%

Leeds-Manchester

31

44

+42%
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CONCLUSIONS
Chris concluded that:
• There is a prima facie business case, which is now being
evaluated by DfT
• Electrification delivers significant additional benefits which had not
been quantified, including additional capacity, reduced carbon
emissions, lower oil dependence, better security of supply and
reduced local pollution
• There are programme synergies
• Growing volumes will progressively improve the case
He cautioned, however, that reducing capital costs and disruption would
be the key, and there would be a need to ensure that value was
captured for the taxpayer.
QUESTIONS
John Dodgson (retired) asked Chris how sensitive BCRs were to
assumptions on absolute, rather than relative, fuel prices and to the cost
of disruption. Chris pointed out the work suggesting that the fuel price
saving was stable over a range of absolute prices, but that the case was
still strong even if this was only half that assumed. Disruption had not
been modelled, and he explained that the work for ATOC did not
represent a final evaluation but was instead an exploration of the
components of a case. He noted, however, that WCML electrification
had involved much disruption during bridge rebuilding, the need for
which was much reduced with lower catenary clearances. ECML
electrification involved relatively little disruption to HST services. There
would be disruption due to resignalling works, but electrification would in
any case be timed to follow this work.
Chris Foster had a number of doubts.
First, he argued that there had been major disruption during West Coast
Route Modernisation (WCRM). Chris agreed, but felt that this work had
been managed poorly by Railtrack. Network Rail believes that it could do
much better with new techniques and technology. David Clarke of DfT
endorsed the view that ECML electrification had been achieved with
relatively little net disruption, and pointed out that a worked-up
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electrification programme would explicitly consider synergies with other
infrastructure work.
Second, he argued that it was not appropriate to compare new diesel
and electric stock, and that the low opportunity cost of existing diesel
stock should be considered. Chris countered that the IEP project is for
replacement stock which could be of either type, and DfT is also buying
1300 extra vehicles anyway. This expansion means that it possible both
to buy new electric stock and to cascade and exploit the residual life of
existing diesel stock.
Third, changing technology meant that “diesel could easily improve
dramatically” and “almost certainly will”. Chris stated that the industry
view was that diesel would, if anything, become less efficient to meet
environmental requirements.
Fourth, were these lines worth keeping anyway? Chris agreed that this
had not been examined, but that unless and until politicians would
contemplate closure, the issue was the most cost-effective way of
delivering whatever services they insisted on providing. He also pointed
out the large, and probably unexpected, growth in use presented above.
He himself had prepared proposals for closure of the Settle-Carlisle line
when it had 2 intermediate stations served by 2 trains per day: it now
has 10 stations served by 7 trains per day, plus freight.
Fifth, would not additional demand, if carried, result in negative
externalities of congestion, especially in the cities to which the electrified
lines led? Michael Hayes (Atkins) also wondered whether additional
capacity would also be needed for growth, and whether new depots
would be required. Chris agreed that neither capacity expansion nor line
speed enhancements had been considered, but David Clarke pointed
out that DfT would not electrify without thinking. Any detailed programme
would also adapt the network to future demand, and evaluation would be
based on a complete package. However, the 39% of the network
currently electrified carries around 60% of passenger traffic, and if
extended to 50% would carry over 80% of passenger traffic, so further
electrification beyond this point was likely to limit returns. Dick Dunmore
(Steer Davies Gleave) had found similar results across Europe: even
Sweden, with a 90% electric rolling stock fleet, had electrified only 65%
of the network.
Don Box (retired) had worked on the fringes of the 1981 Electrification
Review and recalled a third stage, beyond the interim and final reports,
with a 10-year programme to exploit synergies, given a 8-10,000 train
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miles per track mile viability threshold. Chris confirmed that the
Electrification Review had produced a programme. David Clarke said
that Network Rail had a similar metric of vehicle miles per electrified
mile, but stressed the need for any eventual programme to take into
account the timing of replacements of signalling and rolling stock.
Alan Peakall (Halcrow, but retiring) had studied under Chris Foster and
later Chris Nash. The latter had argued that it had been good to
eliminate diesel services from Cambridge to Kings Lynn. Chris remained
sceptical.
Peter White (University of Westminster) confirmed that fuel efficiency in
the bus industry is declining, but wondered what appraisal assumptions
had led Transport Scotland to favour Edinburgh-Glasgow electrification.
Chris said that they had included considerable externalities.

Report by Dick Dunmore
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TEG AGM 2009
Arup
25 March 2009
The AGM, held immediately before the March meeting, was attended by
ten members. The following appear below:
• Chair’s Report
• Treasurer’s Report
• Accounts
Details of the TEG Committee 2009-2010 elected at the AGM appear at
the end of this Journal.
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Reviews
The views expressed are those of the reviewer and should not be
attributed to the Transport Economists’ Group
Beyond Airline Disruptions by Jasenka Rapajic, Ashgate (ISBN 9780-7546-7440-5)
Beyond Airline Disruptions looks at the reasons for airline disruptions,
their cost, and how they can best be managed. Your reviewer was very
interested when offered a review copy, not having worked in the airline
but having undertaken work for Network SouthEast back in the early
1990s attempting to quantify the cost of quality, and also as a regular
airline passenger. It is very interesting drawing comparisons between
the airline and railway business.
After a general discussion the book has chapters on the hidden causes
of disruption, organising information about disruptions and dealing with
them. A number of examples are given. This often had your reviewer
attempting to identify the airlines involved though not always
successfully.
A large number of reasons are discussed. Some are almost common
sense. Some are interesting. The dangers of outsourcing and indeed
internal trading are quoted. An example is given of the fraught
relationship between Lufthansa and its wholly owned subsidiary
Lufthansa Technics: there are surely parallels with the railway. The
author notes the increase in block times and schedule “padding”.
It could be argued that a criticism of the book it is that, while it looks the
costs of disruption, it does not discuss the broader issues of airline
management. One must assume that there are benefits of outsourcing.
Airlines have certainly come to accept the additional costs of overscheduling and generally trying to squeeze a quart out of a pint pot, if
only to compete on frequency. Then again it could be argued that there
is a wide range of literature arguing the virtues of actions such as
outsourcing, and not always looking at possible downsides, and that this
book does just that.
Economists might wish for more quantification in the discussion. A
number of costs are quoted but only in general terms. Obviously details
cannot be given of real examples but it may have been possible to show
some worked examples. The high cost of aircraft serviceability is
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mentioned. Economists might like to see a discussion of what would be
the optimum level of slack and cover, in the same manner as
calculations of the optimum level of overbooking.
The book is a very interesting read. It should provide plenty of ideas for
those in the aviation industry but is also an interesting read for people
working elsewhere in the transport industry.

Reviewed by Peter Gordon
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The Transport Economists’ Group, formed in 1973, provides a forum for
people involved in transport economics to meet regularly and discuss
matters of mutual interest. Membership is open to economists working in
transport and others whose work is connected with transport economics.
The aim of the Group is to improve the quality of transport management,
planning and decision making by promoting lectures, discussions and
publications related to the economics of transport and of the
environment within which the industry functions.
Meetings are held every month from September to June (except
December) at Arup’s Central London HQ at 13 Fitzroy Street. The
meetings consist of short papers presented by speakers, drawn from
both within the Group’s membership and elsewhere, followed by
discussion.
The Group’s Journal, “The Transport Economist”, is published three
times a year reporting on meetings and other activities of the Group. It
reviews recent publications of interest and contains papers or short
articles from members. The Editor welcomes contributions for inclusion
in the journal, and can be contacted at peter.gordon@deltarail.com
The current membership of over 150 covers a wide range of transport
modes and types of organisation. Members are drawn from transport
operators, consultants, universities, local and central government and
manufacturing industry. All members are provided with a full
membership list, updated annually, which serves as a useful source of
contacts within the profession. Applications from people in all sectors are
welcome.
Applications for membership should be made on a form obtainable from
the Membership Secretary at gregorymarchant.teg@btinternet.com.
Alternatively, an application form can be downloaded from the Group’s
website: www.transecongroup.org.
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