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6. Operating Costs 

6.1. Introduction 

This chapter presents the operating cost (“opex”) estimates for each rolling stock option on the 
upgraded Midland Mainline.  Operating costs were estimated for each option using the Comparator 
Suite developed for the East Midlands franchise competition.  The model estimates costs for 
operating long-distance services on the MML in the baseline scenario and in each of the options to be 
appraised.  The difference between the option costs and the baseline cost is the figure carried forward 
to the appraisal.   

The operating cost model considered the variable elements of operating costs only, as follows:  

• Network Rail infrastructure costs;  

• Diesel and electricity costs; 

• Capital lease costs; 

• Non-capital lease costs; 

• Maintenance costs; and 

• Staff costs. 

 
Within the operating cost model, the following inputs are used to drive changes in the operating costs: 

• Estimated rolling stock fleet size (number of trains and number of vehicles); 

• Requirement for additional staff to operate the 6th path; 

• Forecast train and vehicle mileages; 

• Light and heavy maintenance materials (for HSTs). 

 
The following sections provide further details on the input costs, growth rates and other assumptions 
for each of the above cost areas. 

6.2. Train and Vehicle Mileages 

Train and vehicle mileages are required for the calculation of infrastructure costs (variable track 
access charge, capacity charge, electrification asset usage charge, energy costs (diesel and electric 
power) and maintenance costs). Annual train and vehicle mileages were calculated based on the 
timetable developed for business case testing and are shown for the respective rolling stock options 
in the table below.  Note that the vehicle mileages also account for the additional mileage incurred 
through peak strengthening of services.  Mileage associated with empty coaching stock (ECS) moves 
were estimated based on the high level diagramming exercise undertaken to determine fleet 
requirements for the new timetable.        

Mileages in the base scenario were calculated based on diagramming information provided by East 
Midlands Trains and are presented alongside the option mileages for comparison purposes. 
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6.5.1.1. Replacement Assumptions 

For the appraisal, assumptions regarding the replacement of rolling stock during the appraisal period 
were based on the guidance in TAG Unit A5.3.  This advises that new diesel multiple units (DMU) 
should be assumed to have a minimum lifespan of 30 years, and new electric multiple units and 
electric locomotives should be assumed to have a minimum lifespan of 35 years.  The following 
assumptions were made with regards to the replacement of rolling stock in the appraisal:  

• The current baseline rolling stock Meridian fleet was assumed to be replaced in 2035/36 
(approximately 30 years after the introduction of the Meridian fleet) by new Diesel Multiple Units 
(DMUs), and a further replacement assumed to take place 30 years later in 2065/66; 

• The current HST fleet is assumed to be refurbished in 2019/20 to comply with the PRM 
requirements set out in the EU directives. It is assumed to be replaced in 2023/24 by new Diesel 
Multiple Units (DMUs), with a replacement point throughout the appraisal period in 2054/55; 

• New electric trains assumed to be procured in 2019/20 for Corby services were assumed to be 
replaced in 2054/55.  A further replacement would not be required before the end of the appraisal 
period in 2084/85; 

• New 125mph EMUs and Bi-Modes for the Sheffield and Nottingham routes are assumed to be 
procured prior to the completion of the full electrification package and its operation will start with 
the December 2023 timetable; these trains were assumed to be replaced in 2059/60. 

6.5.1.2. Treatment of Future Capital Lease Costs 

The treatment of future capital lease costs was undertaken in accordance with the guidance in TAG 
Unit A5.3. 

6.5.2. Non-Capital Lease Costs 

Non-capital lease costs were not used to model the rolling stock maintenance costs. The costs to 
maintain the rolling stock are dependent on the lease agreement – dry, soggy or wet – and are 
reflected in Section 6.6. 

6.6. Maintenance Costs 

Maintenance costs are dependent on the type of lease agreement signed by the TOC for each rolling 
stock. For MML business case purposes, the assumptions on maintenance are as follows: 

• HSTs are maintained through a dry lease, where the TOC carries out the entire maintenance. 
Therefore, in appraisal terms, only maintenance costs are captured and considered variable. 
These costs cover light and heavy maintenance materials and have been extracted from the 
latest East Midlands Direct Award model; 

• Class 222’s maintenance follows the current TSA agreement assumptions, which set out a 
maintenance cost per mileage band; 

• The remaining rolling stock’s maintenance costs are purely mileage-based, as reflected in the 
table below. 

In all cases, when applicable, costs were assumed to increase in line with RPI until the demand cap 
year (2036/37) after which they were assumed to be fixed in real terms, as per the recent guidance 
issued by DfT. 
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driven by differences in train lengths and amount up to from £60m to £190m.  The options presenting 
the biggest costs are the bi-mode, with higher track access charges and the 8-car and the 
homogeneous fleet, due to higher train mileage, while the 7-car option is the relatively less costly 
compared to the base for the same reason as the latter. 

In terms of total operating costs, Table 6-9 shows that the 7-car option delivers savings over the base 
through a combination of capital lease cost, fuel and maintenance cost savings. The central case, the 
8-car and the homogeneous fleet options are relatively more expensive than the base, balancing out 
more costly infrastructure charges with savings in fuel and maintenance for instance. Finally, the bi-
mode is significantly more expensive, in terms of operating cost, than the base, mainly because of the 
combination of a higher lease cost, maintenance cost and infrastructure charges. 
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• Derby area remodelling Segregation of the services into groups for; Birmingham to Sheffield 
including cross country freight, Birmingham to Nottingham and London to Sheffield. This will 
enable reduces journey times through improving timetabling and line speed improvements. 

• Kettering to Corby capacity. The infrastructure capability to provide 5 trains per hour in each 
direction and to increase the permissible line speed to 90 mph. 

• Kettering to Bedford capacity. The infrastructure capability to provide a 6th LDHS service from 
London to Kettering and one additional freight train per hour (making a total of 3 freight tph).  

• Linespeed improvements at Market Harborough, Leicester South Junction and between Derby 
and Sheffield. 

• Kettering Depot. Stabling at Kettering. 
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rising to £312m with full electrification. This would increase the BCR or electrification from Corby 
from 1.1 to 1.9 and the BCR from full electrification from 1.4 to 2.9. 

Note: The incremental benefits are subjective to assumptions relating to the fleet described in the 
sections above. A diesel fleet incapable of meeting journey times or capacity in the tests above would 
not deliver full scheme benefits, and as a result would give a larger increment to the Central Case.  

8.6.2. Sensitivity Test B: KO1 (2019 Timetable)  
The sensitivity test above assumes the specimen timetable is operated by a fleet of DMUs with the 
performance capabilities of today’s Class 222s, with only a slight increase in journey times over 
125mph EMU diagrams. This sensitivity test examines an alternative appraisal of development to Key 
Output 1 by running the 2019 timetable throughout the appraisal period. This timetable: 

• Utilises the existing fleet on Nottingham and Sheffield services. The Class 222 to the 2023 
Central Case, with a slight increase in running times (generally no more than a minute). However, 
the use of HSTs on one Nottingham diagram increases running times by eight minutes. This 
requires 5 HSTs to cover services that could operate using just 4 Class 222s or 125mph EMUs.  

• Assumes the Corby services are operated by 4-car 110mph EMUs as in the Central Case. 

8.6.3. Benefits 

The following table summarises the benefits of the scheme at Key Output 1 with the operation of the 
2019 timetable. This is shown alongside the benefits of the scheme 

• At the same level of development with a fully strengthened DMU fleet with Class 222 performance 
levels; and 

• For the Central Case 
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9. Impact of HS2 Phase 2 on MML 
Upgrade Programme 

9.1. Overview 

HS2 Phase 2 is currently expected to open in 2033, providing fast services to Sheffield, Derby and 
Nottingham which will abstract demand from conventional services on the MML and have a potentially 
detrimental impact on the investment case for the MML upgrade programme.  The Department 
therefore requested that analysis to be undertaken to determine: 

• The impact of HS2 Phase 2 on the value for money of the MML upgrade programme – taking 
account of the demand abstracted by HS2 services; and 

• The impact an alternative released capacity service specification to that assumed in the HS 
Business Case for long-distance services on the MML would have on the overall business case 
for HS2. 

The analysis was undertaken using the assumptions for HS2 contained in the current published HS2 
Business Case.  This assumes that Nottingham and Derby are served by HS2 via a parkway station 
at Toton, requiring an interchange for city centre journeys.  Sheffield is assumed to be served by a 
new station at Meadowhall, again requiring an interchange for trips to and from Sheffield City Centre.  
It should be noted that the changes to the Phase 2 alignment announced in July 2016, and in 
particular the proposal for HS2 to now serve Sheffield city centre directly are not reflected in the 
analysis. 

The HS2 Business Case released capacity specification for the MML currently assumes a reduced 
train service specification of 5tph on the MML post-opening of HS2.  This effectively assumes that the 
additional capacity created by the enhancement programme which facilitates an LDHS frequency of 
6tph to/from London St Pancras is not utilised following the introduction of HS2 Phase 2.  For this 
analysis, an alternative released capacity specification was defined for long-distance services on the 
MML based on 6tph with electrification to/from London St Pancras, maximising the capacity created 
by the upgrade programme. 

Different analytical approaches were used to determine the impacts described above.  However, the 
first step for both involved a single run of the PLANET Framework Model (PFM) v6.1b to model the 
alternative ‘released capacity’ service specification for LDHS services on the MML.  PFM is able to 
reliably forecast the net UK impact on demand, revenue and benefits of HS2 Phase 1, 2a and the Full 
Y for any particular year.  The outputs from this run were then used to inform the separate impacts of 
an alternative MML TSS on the HS2 Business Case and the impact of HS2 on the VfM of the MML 
programme.  Note that this run also included changes to the Do Minimum MML specification assumed 
in the HS2 Business Case (based on 5tph to Leicester) to reflect the timetable developed for this 
Business Case which assumes 4tph to Leicester and 2tph to Corby.  

9.2. Analytical Approach 

9.2.1. Alternative MML Released Capacity Specification 

As noted above, an alternative released capacity specification for long-distance services on the MML 
based on 6tph to/from London St Pancras was jointly defined by DfT and Atkins, with support from 
HS2 Ltd and is shown in the figure below.  Also presented for comparison is the released capacity 
TSS currently assumed in the HS2 Business Case, along with the electrification timetable developed 
for this Business Case, which forms the Do Minimum specification for HS2. 
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Figure 9-1 Alternative MML Released Capacity Specification 

Note: 
Solid line represents 1tph 
Dashed line represents 0.5tph 
Derby service in HS2 released capacity specification also includes a call at Toton (not shown) 

Notable differences of the alternative released capacity TSS are: 

• Compared to the ‘pre-2033’ MML TSS, the swapping of Market Harborough and Kettering calls 
from the Nottingham services into the Derby and Sheffield services facilitate further speeding-up 
of the Nottingham services and utilizes capacity on the Derby/Sheffield services freed up by the 
transfer of long-distance trips to HS2.   

• Compared to the existing HS2 released capacity specification, the provision of 2tph all-day to 
Nottingham, facilitating twice hourly calls at Loughborough and East Midlands Parkway and 
hourly calls at Beeston against 1.5 and 0.5 calls in the HS2 TSS. 

• Compared to both the pre-2033 and existing release capacity specifications, connectivity 
enhancements at Kettering (4tph all-day) and Wellingborough (3tph all-day). 

Note the following additional TSS changes made to non-MML services in the alternative specification: 

• Introduction of a Leicester-Toton-Derby shuttle to maintain connectivity. 

• The East-West Rail service in the HS2 released capacity specification that extends north of 
Bedford to Nottingham via Toton was curtailed at Bedford. 

• Introduction of an additional 1tph Leicester-Toton-Nottingham shuttle to maintain connectivity, 
with stopping pattern mirroring the curtailed EWR service north of Leicester. 

• St Pancras to Bedford additional Thameslink commuter service in the Phase 2 released capacity 
specification was retained. 
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9.2.2. Appraisal Approach  

The impact of the alternative MML TSS on the overall HS2 business case was appraised by running 
the outputs from the PFM run through the HS2 economic appraisal framework, enabling a direct 
comparison with the HS2 central case and calculation of the incremental benefit and revenue 
changes associated with the revised MML TSS.  The impact of the alternative TSS on operating costs 
has not been assessed at this stage as Atkins do not have access to the HS2 cost models to enable a 
comparison to be undertaken on a like-for-like basis.  Given this, the assessment of the impact of the 
alternative TSS is therefore limited to a comparison of the benefits and revenues with the HS2 central 
case. 

An alternative approach was adopted for assessing the impact of HS2 on the VfM of the MML 
upgrade programme.  For consistency with the earlier part of the appraisal (i.e. the period between 
2019 and 2033) it was not appropriate or possible to use outputs from the HS2 appraisal framework 
for this purpose.  Instead, the approach adopted was to use demand outputs from the PFM run to 
adjust the demand forecast in the existing appraisal.  This enabled the demand abstracted by HS2 
from services on the MML to be reflected in the appraisal while retaining demand (and hence 
benefits) for movements not affected by HS2 such as London to Leicester as well as intermediate 
movements along the route.  It also enabled any additional benefits arising from the alternative TSS to 
be captured.  The approach to adapting PFM demand outputs for use in the MML appraisal was 
based on the methodology developed by Atkins for use on the ICWC franchise, summarized as 
follows: 

• A process known as select line analysis was used to extract from PFM the station to station 
demand by TOC and journey purpose, both with and without HS2.  

• Select line analysis has the property of double counting trips in which passengers use two 
different TOCs to make their journey. The station to station demand extracted using the select line 
analysis was filtered to remove these double counted trips and allocate an appropriate portion 
across different TOCs.  This was undertaken by comparing on the selected flow the number of 
trips for each flow in the PLD matrix to the aggregated number of trips across the given TOCs 
from the select line analysis. Where the difference was more than 10 trips per day, these 
additional trips were allocated across the respective TOCs on the basis of the distance to/from the 
likely interchange location.  Note that the extent of double-counting on the MML was limited due 
to the lack of competition between operators with the majority of the long-distance market captive 
to EMT. 

The filtered PFM station to station demand reflects the proportion of MML demand which 
would be retained in a post-HS2 scenario between each origin and destination station 
pairing. Using PFM to provide a percentage change in demand, rather than an absolute 
change in demand, ensures that the impact of HS2 pivots off the MML base demand and 
revenue used to forecast revenue prior to 2033. The table below shows the proportion of 
demand forecast to be retained on MML services for key London movements after the 
introduction of HS2 Phase 2. 
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Nottingham reduces the future revenue and user benefits delivered by the 6th path. The core benefits 
of electrification which are reduced operating costs and carbon savings would still remain; however, 
the reductions in user benefits and revenues after the introduction of HS2 would reduce the 
incremental BCR of electrification from 1.4 to 0.8 offering ‘poor’ value for money. 

A sensitivity test using higher damage costs for NOx emissions from DfT’s Supplementary Guidance 
on Environmental Appraisal (WebTAG Unit A3) would increase the monetary valuation of reduced 
emissions dramatically by £775m. This would be of high significance to the overall business case for 
electrification either with or without the introduction of HS2. However, the guidance is that this value 
should not be included in the ‘Monetary £(NPV)” column of the Appraisal Summary Table. The NPV of 
electrification would also be sensitive to assumptions in differences between rolling stock operating 
costs (for example maintenance rates) or to variations in diesel prices. 

Caveats and Limitations on Analysis 

It is important to note the limitations on the analysis undertaken in certain areas and where further 
more detailed work would need to be undertaken: 

• The GTR 2018 timetable is still undergoing development.  The timetables for this study were 
therefore developed using the current version of the GTR 2018 timetable available at the time of 
undertaking this work. A small number of conflicts were identified by Atkins. Some of these could 
be easily resolved, but others required reworking by GTR. The most serious occur in the PM peak 
between Up Midland Main Line services and Down Thameslink trains making crossing moves at 
Carlton Road and Harpenden. Resolving these would inevitably impact on GTR services through 
the Thameslink Core and, therefore, fell outside the scope of this work. GTR were already aware 
of these issues and are working on resolving them. Owing to GTR’s likely timescales, the 
business case work was progressed with these conflicts still in the timetable. The timetabling work 
cannot not considered as definitive prior to the final GTR timetable. 

• The estimated fleet sizes presented in this report are provided for business case comparison 
purposes only.  These numbers should in no way be viewed as recommendations for the optimum 
fleet size on the upgraded route, which should be the subject of further detailed analysis. 

• Currently peak strengthening on EMT LDHS services requires additional on-board staff to crew 
both portions of the train. For the options which consider fixed formation rolling stock the appraisal 
has not taken account of the potential reduction in on-board staff which these options would 
deliver. This would deliver staff cost savings over the central case with indicative analysis 
suggesting it could potentially deliver a similar NPV to the 5-car fleet.  

• Revenue analysis has shown that the revenue and demand losses from reduced connectivity 
between stations south of Leicester and north of Leicester (including Leicester itself) resulting 
from the core specification are outweighed by the benefits to the major flows between London and 
Nottingham / Sheffield.  

• Revenue transfer from crowding relief is subject to the methodological application of the PDFH 
approach. If longer distance journeys are subject to a lower level of constraint (for example 
through a high use of advance purchase with seat reservations) then this approach may overstate 
revenue transfer from crowding relief. This benefit is attributed to the capacity works required to 
provide the 6th path which offers very high value for money and would be resilient to lower 
capacity relief. 

• The upgrade and electrification of the Midland Mainline (MML) and associated enhancement 
plans provide opportunities to run additional freight trains, providing the potential for benefits from 
removing HGV traffic from roads along the corridor. These potential benefits are not captured in 
the appraisal presented in this report.    
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Appendix A. Standard Hour Timetables 

Table of assumptions and issues.  

Some items were closed out during the commission and require no further action, while others require 
review during future stages of the Midland Main Line electrification project. 

Subject Date 
raised 

Action Comments 

IEP SRTs and planning 
rules 

23/05/2016 To be reviewed once 
validated SRTs are 
produced 

222 SRTs, adjusted as follows based 
on previous RailSys analysis 
undertaken by Atkins. Down: -1/2 min 
Bedford North – Sharnbrook Jn p/p, -
1/2 min Sileby Jn – Loughborough 
p/s, -1/2 min Loughborough – East 
Midlands Parkway p/s. Up: -1/2 min 
Ambergate Jn – Derby, -1/2 min 
Leicester South Jn – Wigston North 
Jn. Class 222 dwell times, margins 
and turnaround times to be used. 
(remit assumption) 

110mph EMU SRTs 23/05/2016 To be reviewed once 
validated SRTs are 
produced 

222 SRTs to be used, adjusted as 
follows based on previous RailSys 
analysis undertaken by Atkins. Down: 
+1/2 min St Albans – Harpenden Jn 
p/p, +1/2 min Flitwick Jn – Bedford S 
Jn p/p, no change to Up SRTs. EMU 
or DMU planning rules to be used, 
depending on the location (remit 
assumption) 

110mph EMU planning 
rules 

23/05/2016 Dwell times to be 
reviewed 

EMU planning rules were used where 
possible. North of Bedford, DMU 
planning rules were used. Some 
concern was expressed by EMT in 
the workshop held on 20/07/2016 that 
these dwells may be insufficient, 
especially at Bedford. 

Bedford – Kettering 4 
tracking and Corby 
doubling 

23/5/2016 None The following signalling scheme plans 
were supplied by Network Rail: 

Bedford – Kettering 15-NE-0060 
(sheet 1-4) ver 1.0 

Kettering – Corby 13-NE-0075 ver B 

Market Harborough 
linespeed improvement 

23/05/2016 To be reviewed once 
validated SRTs are 
produced 

 -0.5 min for non-stop services (remit 
assumption) 

Leicester upgrade 23/05/2016 To be reviewed once 
validated SRTs are 
produced 

 -0.5 min south of Leicester (remit 
assumption) 




