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1.  Purpose 
1.1.  The purpose of this paper is to seek decisions on key rolling stock specification 

parameters associated with journey times. The requirements relating to journey time 
are critical to achievement of the HS2 Business Case. Journey times are considered for 
both the high-speed network and for the conventional network and the relationship to 
demand and capacity has been assessed. By setting out these journey times in the 
rolling stock specification, we are implicitly establishing the maximum operating 
speed and the need or otherwise for tilting trains. 

1.2.  The Phase One rolling stock Contract Notice is due to be published in March 2017. This 

Contract Notice will need to set out the ‘material’ elements of the rolling stock 
technical specification in order to allow suppliers to decide whether or not to enter the 
competition. Requirements relating to journey times have been assessed to be 
material. Decisions on journey time requirements are required now to enable 
preparation, assurance and governance of this Contract Notice within the time 
available. 

1.3.  These recommendations also address the Development Agreement requirement 

(Annex 6: Non-Routine Advice & Policy Support on Rolling Stock Decisions) to provide 
advice on the ‘Optimal trade-off between journey time, maximum speed and demand 
for railway’s services’. 

2.  Recommendation 
2.1.  HS2 Ltd recommends that: 

 

360km/h is the optimum maximum operating speed on the high speed 
network and that trains will be procured that deliver journey times derived 
from this maximum operating speed.  

 

The rolling stock journey time requirements will be specified based on journey 
times that can be achieved by non-tilting trains. 

 

We continue to pursue the optimum value for money solution to delivering 
reduced journey times to and between locations on the conventional network 
through a programme of line speed enhancements. 
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[bookmark: 2]2.2.  Hs2 recommends these on the basis that: 

 

The maximum operating speed of 360km/h delivers an optimal trade off with 
journey time and demand, taking into account the following: 

o  Reduced journey times lead to an increase in demand and deliver 

improved economic benefits (revenue and user benefits). These benefits 
significantly outweigh the increased whole life costs of increased 
operating speed. 

o  This solution provides the most flexibility for the future operator. Reducing 

the capability of the railway would result in limited reduction in capital 
costs. Lower operating speeds may be adopted by the future operator in 
order to save operational costs should this be considered to be optimal 
given the demand and available revenue at the time of operation. 

o  Whilst further reduction of journey times (through increasing speed 

beyond 360km/h) are desirable, such a specification is not considered to be 
deliverable at the present time. The development risk of such a solution is 
not considered to be manageable within the time or cost envelope 
available for HS2 Phase 1. 

o  Increasing the capacity of HS2 (through increased trains per hour or 

increased seats per train) would further increase the benefits. No 
alternative maximum operating speed considered (from 300 to 390km/h) 
offers the potential to increase capacity beyond the current specification. 
Future development may enable capacity increase, but these are generally 
agnostic to operating speed. 

 

Through our evaluation, we have found that there is a significant improvement 
in passenger journey times from the use of non-tilt trains travelling at up to 
360km/h, compared to tilt enabled trains capable only of travelling at a 
maximum of 300km/h. All high speed trains on the market with the potential to 
offer tilt capability also offer a significant (at least 15%) reduction in seating 
capacity and are more expensive to procure and operate. These issues, along 
with the challenge of delivering them given the current state of the market and 
technology means that the dis-benefits of tilting trains far outweigh the 
benefits that could be experienced on a few journeys were tilting trains to be 
adopted. 

 

HS2 Ltd has considered the option of incentivising journey time reduction 
technologies through the rolling stock procurement process on the basis that 
these offer the potential to reduce the need for infrastructure enhancements, 
rather than making a decision on tilting trains at this stage. However, we 
consider this option to present significant risk to the procurement process on 
the basis that incentivising rolling stock capability using a measure (i.e. 
infrastructure cost reduction) which is not directly related to a desired rolling 
stock outcome, risks distorting the evaluation in a way that could lead to 
undesirable outcomes. HS2 Ltd’s preferred option of assessing each potential 
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[bookmark: 3]infrastructure-based journey time improvement for its benefits to non-tilting 
HS2 trains (and other trains on the infrastructure affected) retains clarity to the 
market on the specification of the train required to meet the programme 
outcomes. 

3.  Background & Rationale Summary 
3.1.  The HS2 Business Case (2013), and supporting scheme design and environmental 

impact assessment, are based on journey times that assume: 

 

All trains are capable of maximum operating speeds of 360km/h;  

 

Tilting trains are not adopted; and 

 

A degree of enhancement works are carried out on the West Coast Mainline 
(WCML) between Handsacre and Glasgow to allow non-tilting trains to operate 
at higher line speeds than currently permitted. 

3.2.  To provide robustness in the timetable, ‘operating margins’ have been added to the 

calculated journey times. The result of this is that normal timetabled operation is 
achievable at speeds of approximately 330km/h. The higher maximum operating 
speed of 360km/h allows timetabled operation to be re-established following minor 
disruptions. The optimum driving profile for energy efficiency and operational 
robustness will be determined at a later stage in the project.  

3.3.  For future proofing of the railway civil infrastructure, the alignment of the HS2 route 

has been based on maximum train speeds of 400km/h. Railway system and tunnel 
designs are based on existing technologies and are designed for 360km/h operation. 
Railway technology development would be needed to take advantage of operating 
speeds above 360km/h whilst remaining within the constraints of the Environmental 
Statement. 

3.4.  The HS2 Development Agreement requires HS2 Ltd to provide advice on the ‘Optimal 

trade-off between journey time, maximum speed and demand for railway’s services’ 
in the context of a Rolling Stock and Depots Strategy. The analysis conducted in 
preparation of this advice has benefited from additional technical and economic 
modelling, market sounding and international benchmarking conducted after the 
development of the 2013 Business Case. 

Optimal trade-off between journey time, maximum speed and demand 
3.5.  In considering the “optimal trade-off between journey time, maximum speed and 

demand” the principal factors are: 

 

Economic benefits: 

o 

User benefits; which in the context of journey times are measured by the 
value of a minute thereby minimising journey time maximises the benefits 
of HS2 

o 

Revenue benefits; shorter journey times also increases passenger demand 
(subject to crowding on trains), which in turn increases revenue. 

 

Capital costs (CapEx) and Operating costs (OpEx) 
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Deliverability; the readiness of the railway systems and rolling stock markets to 
deliver the required performance. 

These factors have been considered in combination with the trade-off between 
journey times on the high-speed network and journey times on the conventional 
network. As explained within this paper, this trade off exists because market 
engagement has shown that the only trains that could deliver reduced journey times 
on the conventional network (i.e. tilting trains) would deliver increased journey times 
on the high-speed network (due to the limited maximum operating speed of tilting 
trains). 

3.6.  In addition to maximum operating speed, other factors such as dwell times, train 

acceleration levels and timetable margins influence journey times. There remains 
opportunities to optimise these parameters at a later stage in the scheme. For the 
purposes of forming the recommendations within this paper, the scope of the 
contributing analysis has been limited to the relationship between maximum 
operating speed and journey time. 

Optimal operating speed of trains on the high speed network 
3.7.  To explore the optimum maximum operating speed for trains on the HS2 

infrastructure, a range of alternative speed scenarios have been analysed and a 
comparison made against the 2013 business case assumption of 360km/h. 

3.8.  This analysis was conducted in two stages. 

 

Stage 1: A range of reduced maximum speed scenarios were explored (from 
360km/h to 300km/h in 10km/h increments) to confirm the relationship 
between maximum speed and value for money. As explained in this section, 
this first stage demonstrated that value for money continues to improve with 
increased speed (i.e. reduced journey times) across this speed range. 

 

Stage 2: An assessment was carried out to determine the deliverability of 
operating at four different speed scenarios ranging from 300km/h to (in light of 
the Stage 1 finding) 390km/h. 

3.9.  HS2 journey times have been derived through an approach which adopts best practice 

for railway capacity planning and is aligned with International Union of Railways (UIC) 
best practice1. Theoretical minimum journey times have been determined based on a 
maximum speed of 360km/h. Operating margins are then added to determine 
achievable journey times for the daily timetable. This leads to journey times that can 
be achieved under normal operation with a maximum speed of around 330km/h. 
Operating up to 360km/h would only be required following perturbations and would 
be used as a means to restore timetable. Reliability analysis carried out during 
preparation of the Phase 1 Environmental Statement determined that trains could 
operate at lower speeds (around 330km/h) on 90% of journeys, with the remaining 
10% requiring 360km/h operation. All analysis conducted for this paper has used this 
principle such that (for example) the option for a maximum operating speed of 
300km/h assumes that 90% of journeys operate at around 270km/h.  

                                                 
1 UIC Code 406 R – Capacity June 2004 
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3.10.  Reducing maximum operating speed was found to result in a number of potential 

positive and negative outcomes which are summarised below and are further detailed 
in HS2 report “Establishing the Optimum Speed for HS2 Rolling Stock” C868-SLV-RR-
REP-00-000003 P01. 

3.11.  Positive outcomes of reducing maximum operating speed: 

 

Reduced rolling stock CapEx: It was determined that there could be some 
reduction in the cost of procuring each train as a result of the need for less 
power equipment when operating at lower speeds.  However, acceleration 
requirements which are necessary in order to deliver railway capacity on a high 
frequency railway like HS2, may prevent this.  

 

Reduced infrastructure CapEx: There would be some small reductions in 
infrastructure construction costs resulting from lower operating speeds, but for 
the HS2 project, these are smaller than other high speed railways.  Further 
explanation is given in paragraph 3.12 below. 

 

Reduced Rolling Stock OpEx: There could be a potential reduction in rolling 
stock maintenance costs associated with operating at lower speeds. 

 

Reduced Infrastructure OpEx: Reducing speed leads to a reduction in track, 
track bed and overhead line maintenance costs. For the purposes of this 
analysis, it is assumed that the open route sections of HS2 are ballast track and 
this represents the largest element of this increased maintenance cost. 
Adoption of slab track would significantly reduce this cost component. 

 

Reduced traction energy costs: Operating at lower speeds leads to lower 
electricity consumption. This represents the largest cost saving component 
associated with reducing operating speed. 

 

Ability to adopt tilting trains: If the operating speed on the high speed network 
was to be lowered to 300km/h, this would potentially allow adoption of fully 
tilting trains similar to those currently operated on WCML. This could offer 
improved journey times on the conventional network. This is further explored 
in section 3.38 onwards. 

 

Deliverability: Given operating speeds of existing railways around the world, 
lower operating speeds are considered to offer improved deliverability. This is 
further explored in section 3.26 onwards. 

3.12.  Reducing the operating speed would only cause limited savings in infrastructure CapEx 

costs, because: 

 

For the HS2 route, an alignment for 300km/h operating speed would cause little 
net reduction in cost or environmental impact2 

                                                 
2 This issue was investigated as part of the 2011 Public Consultation and published in the Phase 1 Environment 
Statement 
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The long bored tunnels on the HS2 route have a lower maximum speed.  With 
one short exception, the higher speed tunnels are cut-and-cover and so would 
not reduce in cost from a reduction of maximum speed to 300km/h. 

 

Power supply infrastructure is sized for achieving acceleration of trains, rather 
than maximum speed 

 

Some small infrastructure cost reductions could be made from, for example, 
changing tunnel portal design, decreased noise mitigation, changing vertical 
curvature, but these savings are relatively small. 

3.13.  Negative outcomes of reducing maximum operating speed: 

 

Economic benefits: Faster journey times provide economic benefits from 
journey time savings to people using the railway (“user benefits”), as well as 
increasing demand which triggers additional revenue. If demand increases to 
the point that trains are full or close to full, further reduction in journey times 
will result in little or no revenue benefits, but user benefits will continue to 
improve. 

 

Increased rolling stock CapEx: To operate the same Train Service Specification 
(TSS) at a lower operating speed requires a larger rolling stock fleet which 
increases CapEx. There will also be a small increase in OpEx resulting from the 
additional empty moves for the extra trains between stations and depots, but 
these have been excluded from this study. 

 

Increased depot costs: The increased fleet size will lead to an increase in depot 
costs. This cost is considered to be relatively small and has been excluded from 
this study. 

 

3.14.  The impact of different operating speeds on journey times (JT), fleet size and traction 

energy consumption are summarised in Table 1. 
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Table 1: Impacts of operating speed on journey time, fleet size and traction energy consumption3. 

3.15.  The benefits associated with the operating speed options are provided in figure 1. 

These benefits are detailed in Appendix B. 

 

Figure 1: 60 year present value economic benefits (User Benefits and Revenue Benefits) for each speed option. 

                                                 
3 Journey Time and Option Analysis report C240-PBR-OP-REP-000-000026 
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3.16.  The analysis presented in Figure 1, shows that there is a significant additional benefit 

generated by increasing the operational speed of the HS2 Rolling Stock. This benefit 
would need to be overcome by the expected cost savings when considering a 
reduction in operating speed. The costs associated with the operating speed options 
are detailed in figure 2. The analysis assumes that the cost impact of each option is 
the same for both Captive and Conventional Compatible trains. Whilst the quantity of 
tractive power equipment needed for the higher speed option may be less challenging 
to install on the captive train, the associated cost differential is considered relatively 
small and would therefore not have a material impact on the operating speed 
recommendation. This point is further reinforced by the fact that HS2 trains will need 
to accelerate relatively rapidly in order to deliver capacity requirements. This 
acceleration requirement is expected to dictate the need for similar installed power 
levels regardless of maximum operating speed. 

 

Figure 2: 60 year present value whole life costs for each speed option. 

 

3.17. 

Combining the benefits and costs allows evaluation of the 60-year Net 

Present Value (NPV) and Benefit Cost Ratio (BCR) for each speed option4. This is 
provided in Figure 3, which demonstrates a significant improvement in BCR and 
NPV associated with higher operating speeds due to the associated reduction in 
journey time. These benefits are detailed in Appendix B. 

                                                 
4 These have been determined by varying the relevant inputs to the HS2 economic case model. 
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Figure 3: 60 year Net Present Value (NPV) and Benefit Cost Ratio (BCR) for each speed option. 

Value for money sensitivity testing 
3.18.  To explore the robustness of the above results, a sensitivity test has been conducted 

on the two most significant assumptions which are outside of the control of the rolling 
stock programme. These are the price of electricity and the level of passenger 
demand. 

3.19.  Electricity consumption is the largest differentiator between the operating costs of 

options, with lower running speeds incurring a lower rate of electricity consumption. 

3.20.  In this sensitivity test, it has been assumed that electricity costs are doubled 

throughout the whole 60-year appraisal period in comparison to existing forecast 
prices.  The result of this is to effectively double the electricity consumption OpEx for 
all speeds, which impacts higher speed options more negatively than lower speed 
options (which consume less electricity). 

3.21.  This test concluded that although higher future energy costs would negatively impact 

higher speed options more than lower speed options, the impact is not sufficient to 
change the overall results of the economic appraisal.  For example, a 300km/h speed 
has an NPV that is -£4.2bn worse than 360km/h in the standard VfM appraisal, and in 
the OpEx sensitivity this difference in NPV is reduced to -£3.4bn.  This indicates that 
the conclusion that 360 km/h is the best performer from a VfM standpoint is unlikely 
to be affected by OpEx externalities. 

3.22. A second test has been carried out on the implications of future rail demand failing to 

meet the current demand forecasts on HS2 services.  Recent HS2 demand forecasts 
on the whole have grown significantly compared to estimates made earlier in the 
programme, highlighting the variability of the demand forecasts. 

3.23.  For this sensitivity test, given that higher speed options (which generate higher user 

benefits and revenue) would benefit from higher demand, the test has only been 
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[bookmark: 10]conducted around a low demand scenario, where demand is 19% lower than forecast 
(the lower end of the demand fan currently used for HS2 scheme appraisal).  This test 
therefore explores whether lower speed options are preferred in a low demand 
scenario. 

3.24.  As a proxy to lower demand, the sensitivity test has assumed that economic benefits 

and revenue for all speed are reduced by 19%.  This is likely to overstate the actual 
reduction of benefits and revenue in a low demand scenario, since a 19% reduction in 
demand would result in various benefits that are not necessarily proportional to 
demand level (i.e. given that crowding levels may be supressing demand in the central 
case, a 19% demand reduction in overall demand would not result in 19% fewer 
passengers on the busier HS2 services).  As such, this test represents a fairly extreme 
reduction in benefits and revenue associated with reduced demand. 

3.25.  This sensitivity test highlights that lower future demand negatively impacts all speeds, 

however the higher speed options experience the greatest reduction in NPV.  For 
example, a 300km/h speed has an NPV that is -£4.2bn worse than 360km/h for the 
central demand case, and in the reduced demand scenario this difference in NPV is 
reduced to -£3.1bn.  As with the OpEx sensitivity test, the impact is not sufficient to 
change the overall results of the economic appraisal, which indicate that 360 km/h 
performs better than all lower speeds assessed. 

Deliverability of maximum operating speeds 
3.26. The results set out in Figure 3 demonstrate that the costs associated with delivering 

reduced journey times through increased maximum operating speed are far 
outweighed by the benefits. These results also indicate that benefits will continue to 
outweigh increased costs for speeds higher than 360km/h. 

3.27.  To inform the recommendations contained in this paper, a deliverability assessment 

has been conducted to challenge the existing maximum operating speed assumption. 
This assessment used a multi-disciplinary team of subject experts within HS2 to 
identify and quantify the risks associated with each element of the railway system for 
four operating speeds: 300km/h, 330km/h, 360km/h and 390km/h.5 

3.28. It should be noted that there are currently no railways in operation above 320km/h. 

There are systems designed for higher speeds and a number of operators plan to 
operate at higher speeds in the near future6. At this stage therefore, operating at 
360km/h represents a degree of risk to the programme. International benchmarking, 
supplier engagement and specific technical studies have led to a clear understanding 
of these risks and contingency has been made within the programme budget and 
schedule as appropriate. The deliverability assessment has revaluated these risks and 
has confirmed that there is appropriate risk provision built into the programme, 

                                                 
5 See “Establishing the Optimum Speed for HS2 Rolling Stock” C868-SLV-RR-REP-00-000003 P01 for full 
assessment. 
6 TrenItalia plan to operate the ETR1000 at 360km/h in 2017 and China operated trains at 380km/h prior to 
reducing operating speed following a collision between trains in 2011 (speed was not a factor in this accident). 
China is undergoing testing prior to reportedly running passenger services at 380km/h from September 2016. 
French LGV lines and Japan Railway East Tohoku Shinkansen operate at 320km/h today. 
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[bookmark: 11]assuming 360km/h operation7. The Business Case, Hybrid Bill and Environmental 
Statement all assume a maximum operating speed of 360km/h, therefore any adverse 
effects of operating at this speed (increase noise, increased energy consumption etc.) 
have been accounted for. 

3.29. It has been concluded that speeds higher than 360km/h would introduce significant 

delivery risk to the programme with the technical, commercial, environmental and 
approval risks increasing as the maximum operating speed increases.  The majority of 
high speed rolling stock and railway systems on the market have been developed for a 
maximum operating speed of 350 to 360km/h, so a specification requiring a higher 
speed is likely to incur significant redesign costs. Beyond 360km/h Hs2 train 
operations would exceed the noise commitments made in the Environmental Impact 
assessment and would incur increasing capital costs associated with mitigating the 
adverse effects of increased speed. 

Operating speed and Railway Capacity 
3.30.  As already shown, reduction in journey times significantly improves the economic 

benefits of HS2. Increasing the capacity of the railway can also significantly improve 
benefits and recent demand modelling has shown that HS2 trains could run at high 
load factors relatively few years after opening. It is therefore necessary to consider 
any potential trade-off between operating speed and capacity. The two key drivers of 
railway capacity relevant here are the seating capacity of trains and the frequency of 
trains. 

3.31.  Seating capacity of trains would not vary significantly for any of the speed options 

considered in this report. Conventional Compatible trains must be single deck trains in 
order to operate on the existing network. The majority of suppliers are proposing 
“distributed traction” trains for HS2 and these offer the highest possible seating 
capacity in a single deck format. Captive trains could be double deck and therefore 
offer an increased seating capacity of around 10%8, but single deck is likely to be more 
optimal considering all capability requirements of HS2, especially the need for short 
dwell times. Under current demand predictions, the only services that would benefit 
from additional capacity are Conventional Compatible services, further eroding the 
case for double deck trains. The one supplier of double deck high speed trains has 
stated that their next generation product could achieve the existing HS2 journey 
times, but with a somewhat reduced operating margin compared to single deck trains. 
Given that double deck trains could not be introduced on HS2 until 2033 (when the 
first Captive trains are procured), there is considered to be sufficient time to develop a 
product which matches the performance of a single deck train. Therefore, no 
operating speed option in the range considered in this paper provides any advantage 
to seating capacity. 

3.32.  The limit to the frequency of trains on the railway is governed by a number of factors. 

Early analysis for HS2 confirmed that whilst the selected specification of 18 trains per 
hour is higher than achieved on any existing high speed railway, it is achievable given 

                                                 
7   See “Establishing the Optimum Speed for HS2 Rolling Stock” C868-SLV-RR-REP-00-000003 P01 for full 
assessment. 
8 HS2 Double Deck Capacity and Platform Height Considerations Report C868-SLV-RR-REP-000-000006 
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[bookmark: 12]current technologies and the best operating practices. Whilst there is a relationship 
between operating speed and capacity on open route sections, other elements of the 
system present barriers to further increasing the frequency of trains, specifically, the 
routing of trains at junctions9 and (linked to this) the feasible throughput of trains 
through intermediate stations. 

3.33.  The HS2 scheme design has therefore been progressed on the basis of an 18 trains per 

hour frequency. The layout of the railway, the quantity of station platforms10, power 
supply arrangements and tunnel ventilation arrangements are all designed based on 
18 trains per hour. Given current technologies, all of these design features would 
present barriers to increasing the frequency of trains. 

3.34.  Future technologies, such as improved signalling systems, lighter weight trains 

(demanding lower power) and systems to allow reductions in station dwell times offer 
opportunities to increase the frequency of trains on HS2 in the future. These are not 
considered sufficiently mature for the opening of Phase 1 in 2026. These same 
development would allow the frequency to be increased for any of the operating 
speed options considered by, for example, introducing the concept of ‘moving 
block’11. 

3.35.  In conclusion, the capacity of HS2 would not change for any of the speed options 

considered. Reducing journey times improves scheme benefits and increases demand 
without detrimentally impacting railway capacity. 

Conclusions on maximum operating speed 
3.36.  Given the significant economic benefits of reduced journey times coupled with the 

high deliverability risk associated with operating speeds above 360km/h, we conclude 
that the optimal maximum operating speed on the high-speed network is 360km/h. 

3.37.  We recommend that the rolling stock specification should require trains to be capable 

of journey times which are derived from this maximum operating speed. Additional 
constraints will be placed on other train performance parameters, such as maximum 
acceleration and braking rates, to ensure railway capacity can be delivered with fleets 
of trains from different manufacturers. This approach will allow as much flexibility as 
possible for the rolling stock manufacturer to develop a train design that meets our 
overall journey time requirements whilst protecting delivery of wider railway 
capability. 

                                                 
9 Summary report on the Capacity and Capability for the High Speed Network HS2-HS2-OP-RE-000-000008 
P01 
10 The quantity of station platforms is governed by a number of factors, the most significant one being the 
boarding and alighting time of passengers. Report “Platform Train Interface and Platform Height 
Recommendation” HS2-HS2-RR-PRE-000-000001 P03 demonstrates that HS2’s assumed boarding and 
alighting times are achievable but challenging. Experience of operating the railway may allow further 
optimisation of these times, but no reduction is considered achievable at this stage of the design. 
11 Instead of separating trains by at least a full braking distance, train control systems such as ETCS Level 3 
monitor the relative position and speed of trains on the same track and allow them to safely ‘bunch’ closer 
together. 
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[bookmark: 13]Journey times on the Conventional Network 
3.38.  HS2 trains will replace a number of services on the conventional railway that are 

currently operated by tilting trains. These tilting trains are permitted to operate at 
higher speeds on the West Coast Mainline (WCML) than non-tilting trains because the 
tilt action improves ride comfort in curves. Non-tilt trains operate up to the 
permissible speed (PS) profile with a maximum of 110mph (176 km/h). Tilting trains 
operate on the enhanced permissible speed (EPS) profile with a maximum speed of 
125mph (200 km/h) where the track allows. 

3.39.  At an early stage of development of the HS2 scheme, the possibility of HS2 trains 

being capable of tilting was explored. Feedback from manufacturers at the time was 
that tilt technology was not available in trains operating above 250km/h. Feedback 
from train operators indicated that there are significant dis-benefits with tilting trains, 
such as lower reliability (see 3.56). In discussion with Network Rail, it was determined 
that there is an opportunity to improve the line speed of non-tilt trains on the WCML 
through relatively minor enhancements. The Hs2 Business Case is therefore based on 
journey times that assume the use of non-tilt trains and that a degree of line 
enhancement works are made to the WCML to further reduce journey times between 
to Scotland. 

3.40. Network Rail have more recently conducted studies to further explore the feasibility 

and potential cost of line speed enhancements, with a specific focus on enhancements 
which would benefit non-tilting trains12. The opportunities explored are on the route 
from Handsacre to Glasgow. On routes to Liverpool and Manchester, non-tilt trains 
achieve very similar journey times to tilt trains already. The opportunities identified 
range from simple re-signing and document changes, which would result in around 2 
minute journey time savings (Handsacre to Glasgow), to some track geometry 
intervention and minor track alterations which, with the simple works save around 6 
minutes. The most significant works, which will involve additional track geometry 
interventions, would deliver up to 10 minutes journey time savings when combined 
with the simpler enhancements. If all these works were to be carried out, they are 
estimated to cost in the range of £65-105m. 

3.41.   However, it has not yet been possible to achieve a high degree of certainty in the 

deliverability of these enhancements (the Network Rail estimate is at a pre-GRIP 
level); therefore the potential opportunity of adopting tilting trains has been re-
examined to confirm whether the adoption of non-tilt trains is the right decision 
moving into the rolling stock procurement process. 

3.42. HS2’s rolling stock market sounding has confirmed that very high speed trains do not 

tilt to the degree currently provided by the fleets operating on the WCML.  Currently 
the highest speed of any fully-tilting train (like those on the WCML) in operation is 
250km/h13.  One supplier has indicated that it is developing a product capable of tilting 
to the amount required for the WCML enhanced permissible speed profile whilst also 

                                                 
12 Network Rail report ST&E-TS-HS2-LS-00001 Version 2.0 HS2 West Coast Mainline Line Speed 
Enhancement 
13 The ETR600 in Italy 
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 link to page 13 [bookmark: 14]operating at 300km/h on HS2 (in non-tilt mode)14, however these trains will not be 
tested above 250km/h until, as yet unplanned, new infrastructure has been built15. 

3.43.  Other tilting technologies have been considered but are not suitable for the WCML.  A 

supplier of passive tilting technology has confirmed that such technology would not 
be suitable for UK infrastructure due to the restrictive lower sector gauge in the UK 
(passive tilting trains swing out at the base of the carriage).16  A system of tilting using 
airbags would permit 360km/h on HS2, but would only provide 1 degree of tilting17, 
which is insufficient to use EPS speed limits (based on 8 degrees tilt).  Such a system 
was not offered by the manufacturer of this system. 

3.44. Assuming that a tilting train capable of operating up to 300km/h could be delivered, 

its journey times on the high speed network would be longer than non-tilt trains which 
could operate up to 360km/h. It is possible for multiple fleets to operate on HS2, some 
of which could be tilting trains and some non-tilting.  

3.45.  On sections of the route where trains run at high frequencies, trains will need to 

operate at the same speed to maximise the capacity of the railway.   This would mean 
that non-tilt trains would need to operate at the same, lower speed as tilt-trains.  As 
we have already confirmed in this paper, there is a significant reduction in value for 
money if speeds on the high speed network are reduced.  The use of tilting trains on 
the conventional network would provide some improved journey times but this would 
be significantly outweighed by the loss in benefits from travelling slower on the high 
speed network. 

3.46. A comparison of representative journey times with the Phase One HS2 service 

delivery options in comparison to current Pendolino times is presented in Table 218. 
The following explains the options set out: 

 

Option 1: (Base Case) all HS2 trains are non-tilting, operating at up to 360km/h 
on HS2 and at PS on WCML; 

 

Option 2: as option 1; but with all identified enhancements made to WCML (as 
described in 3.40 above) to allow non-tilting HS2 trains to operate at speeds 
above PS; 

 

Option 3: HS2 Conventional Compatible trains are tilt enabled. This assumes 
that trains will run at a maximum operating speed of 300km/h on the high 
speed network and at the enhanced permitted speeds on the WCML. Phase 
One, with only 11 trains per hour between Euston and Curzon Street, could 
support the operation of tilt and non-tilt fleets, but the disbenefits of procuring 

                                                 
14 Based on advice from train manufacturers obtained through the HS2 Ltd market sounding exercise 
15 https://www.amtrak.com/ccurl/453/325/Amtrak-Vision-for-the-Northeast-Corridor.pdf 
16 Based on e-mail received from manufacturer 
17 UIC report – Technological overview of next generation Shinkansen high-speed trains Series N700 
18 The derivation of these journey times is explained in report: ‘Feasibility of Tilt Operation of Classic 
Compatible Trains’ C868-SLV-RR-REP-000-000004. 
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[bookmark: 15]and operating two fleets means that it is only value for money to procure a 
single fleet in Phase One.19  

Phase One 

Equivalent 

Option 2: 2026  

Option 1: 2026 

Option 3: 2026  

journey time - 

(Non-Tilt with 

(Non-Tilt) 

(Tilt) 

Pendolino 

upgrades) 

Existing EPS on 

South of Handsacre 

360km/h on HS2 

300km/h on HS2 

WCML 

North of Handsacre 

Existing EPS 

Existing PS 

Upgraded PS 

Existing EPS 

Euston – Curzon 

n/a 

0h 49 

0h 49 

0h 53 

Street (2 stops) 

Euston – Liverpool         

2h 02 

1h 43 

1h 41 

1h 45 

(2 stops) 

Euston – Preston             

(1 stop HS2, non-stop 

2h 03 

1h 44 

1h 41 

1h 45 

Pendolino) 

Preston – Glasgow      

2h 12

(non-stop) 

2 

2h 21 

2h 14 

2h 12 

Euston – Glasgow           

(2 stops HS2, 1 stop 

4h 173 

4h 08 

3h 58 

4h 00 

Pendolino1) 

Table 2 comparison of representative Phase One journey times for tilt and non-tilt train options (green colouring 

highlights the fastest journey time) 

1 All HS2 trains stop at Old Oak Common which, on the way into London is reached 7.5 minutes sooner than 
Euston. To provide the fastest possible time comparison between today’s Pendolino and the future HS2 service, 
times are provided with no stops from Preston to Euston on the Pendolino 

2 Based on NR simulation of Option 3 and the NR approach for margin and engineering allowance 

3 The sum of Euston – Preston, Preston – Glasgow + 2 minute dwell time 
 
3.47.  Further analysis on the impact of HS2 trains on the CRN has been conducted, which is 

detailed in 3.61 onwards.  Were all currently proposed line speed enhancements to be 
introduced for the HS2 non-tilting trains, the journey times for tilting trains operating 
residual WCML stopping services between Birmingham and Glasgow would reduce by 
around 30 seconds following completion of CRN upgrades. Were HS2 to adopt tilting 
trains, there is unlikely to be a strong business case for implementing the proposed 
line speed enhancements identified for non-tilting trains due to the estimated benefit 
to tilting trains being marginal. 

3.48. A comparison of representative journey times with the Phase Two HS2 service 

delivery options and current Pendolino is presented in Table 3.  The three options are 
the same as those provided for Phase One above. In Phase Two, the high speed 
network will have been extended and therefore the trains will be travelling further at 
their maximum operating speeds. The potential benefits of tilt are therefore further 
eroded. 

                                                 
19 Fleet procurement recommendations will be discussed in the Rolling Stock Procurement recommendation 
paper. 
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Equivalent journey 

Option 2: 2026  

Option 1: 2026 

Option 3: 2026  

time - Pendolino 

(Non-Tilt with 

(Non-Tilt) 

(Tilt) 

on WCML 

upgrades) 

South of Golborne Jct/ 

WCML - Existing 

360km/h on HS2 

300km/h on HS2 

Crewe 

EPS 

North of Golborne Jct 

Existing EPS 

Existing PS 

Upgraded PS 

Existing EPS 

/ Crewe 

Euston – Curzon 

n/a 

49 mins 

49 mins 

53 mins  

Street (2 stops) 

Euston – Liverpool         

2h 02 

1h 27 

1h 25 

1h 32 

(2 stops) 

Euston – Preston             

(1 stop HS2, non-stop 

2h 031 

1h 18 

1h 17 

1h 25 

Pendolino1) 

Preston – Glasgow      

2h 12

(non-stop) 

2 

2h 21 

2h 14 

2h 12 

Euston – Glasgow           

(2 stops HS2, 1 stop 

4h 173 

3h 43 

3h 34 

3h 40 

Pendolino1) 

Table 3 - comparison of representative Phase Two journey times for tilt and non-tilt train options 

 Refer to footnotes under Table 2 (green colouring highlights the fastest journey time) 

3.49. It should be noted that more than one fleet will be operating in Phase Two, with the 

Phase Two fleets likely to consist of non-tilting trains. The impact of the mixed fleet 
will be that the non-tilting trains would operate at 360km/h on high speed network 
where traffic levels allow and at 300km/h where they are operating on parts of the 
route with high traffic levels, mixed with the tilting fleet. The 53 minute journey time 
to Birmingham in Table 3 reflects the fact that with tilting trains operating on this core 
part of the network, all trains would be slowed by a number of minutes. 

3.50.  As in Phase One, tilting trains only really provide journey time benefits between 

Preston and Glasgow. With no line speed improvements, the overall Euston to 
Glasgow journey time marginally improves by 3 minutes in Phase Two through the use 
of tilting trains, compared to the 8 minutes achieved in Phase One. This is due to the 
extension of the high speed network between Handsacre and Golborne in Phase Two 
meaning non-tilt trains can travel further at 360km/h.  While there would be journey 
time benefits between Preston and Glasgow through the use of tilting trains, this 
would create a significant disbenefit to all other users of the high speed services. HS2 
has undertaken analysis of journey times and passenger flows to determine the 
overall impact of this conflict in benefits20. 

3.51.  Figure 4 summarises the impact to all passenger journey times associated with 

adopting tilting trains for the conventional compatible fleets, when compared to HS2 
non-tilting trains without any line speed enhancements for the Phase Two end state.  
The analysis recognises that all Phase Two trains (Captive and Conventional 
Compatible) are non-tilting trains but their journey times are decreased on HS2 south 

                                                 
20 Featured in the report: ‘Feasibility of Tilt Operation of Classic Compatible Trains’ C868-SLV-RR-REP-000-
000004. 
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of Birmingham due to close running with slower Phase One tilting trains. Please refer 
to 3.46 for further details. 

 

Figure 4 – Phase 2 net passenger journey impact of tilting trains compared to non-tilt trains without WCML 

line speed enhancements 

3.52.  If tilting trains are introduced in Phase One, the net impact on passenger journey 

times in Phase Two would be an increase of 209 million minutes per year when 
compared to non-tilt trains and no WCML line speed enhancements. Figure 5 shows 
the impact on the top HS2 passenger flows for this scenario. 
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Figure 5 – Phase 2 Impact on top HS2 passenger flows resulting from tilting Phase 1 trains compared to 

non-tilt trains without WCML line speed enhancements (50 largest passenger flows, largest passenger flow 

is to the left of the graph) 

3.53.  The Phase 1 equivalent of figures 4 and 5 are provided in figures 6 and 7. 

PHASE1 - IMPACT OF TILT TRAINS TO PASSENGERS

Neutral Benefit

2%

10%

Disbenefit

88%

 

Figure 6 – Phase 1 net passenger journey impact of tilting trains compared to non-tilt trains without WCML 

line speed enhancements 
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Figure 7 – Phase 1 Impact on top HS2 passenger flows resulting from tilting trains compared to non-tilt 

trains without WCML line speed enhancements (50 largest passenger flows, largest passenger flow is to 

the left of the graph) 

3.54.  With the introduction of WCML line speed enhancements for HS2 non-tilt trains, the 

number of journeys benefiting from tilting trains would further reduce as detailed in 
the HS2 report ‘Feasibility of Tilt Operation of Conventional Compatible Trains’ C868-
SLV-RR-REP-000-000004.  

3.55.  The economic disbenefit of the increased journey times on the WCML has not been 

evaluated because all demand modelling conducted to date has been based on non-
tilting trains. Additional demand modelling (using the Planet Framework Model) 
would be required in order to monetise these disbenefits. 

3.56. In addition to journey time impact on the high speed network, the use of tilt trains also 

has the following negative impacts: 

  There is only one supplier21 on the market that is indicating an appetite to deliver 

a tilting high speed train. This would indicate a significant risk of reduced 
competition in the rolling stock procurement, with resulting threat of a poor 
value for money solution. 

  The only high speed tilting train concept currently proposed is based on a train 

configuration which would deliver at least 15% lower on-board capacity 
compared to the majority non-tilting high speed trains22, on which the HS2 
business case is based. Assuming that only Phase One trains are tilting trains 
(there is no benefit to Phase Two trains being tilting due to the routes they will 
serve), the approximate impact of tilting trains resulting from their reduced 
seating capacity is estimated to be in the region of £4.8bn (16%) reduction in 

                                                 
21 As explained in the assurance section of this document (section 13), during Parsons Brinkerhoff’s 
independent review of these recommendations, they identified one additional supplier with a stated capability 
to deliver tilting trains, but the concept has similar disadvantages to those set out here for the first supplier. 
22 This is because this concept assumes a train with locomotive units which means two less carriages for 
passengers. 
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 link to page 3  link to page 13 [bookmark: 19]benefits in Phase One (over 60 years, assuming Phase Two does not go ahead), 
and £0.7bn (1%) reduction for Phase One and Phase Two combined23. 

  The capital cost of a fully tilting train is around 15% more than a non-tilting 

equivalent24. A 15% increase in NRC (non-recurring cost) and unit cost (recurring 
cost) causes an increase in Present Value of Costs of around £0.4bn if applied to 
all Phase One trains only.  This represents a 1% decrease in NPV. 

  The whole life costs of the tilting trains will be higher due to the maintenance of 

the additional systems and the increased energy consumption and track damage 
associated with these trains being heavier and imposing greater lateral loads 
than non-tilt trains. It has not been possible to quantify these increased costs at 
this stage. 

  Tilt trains will lead to reduced reliability due to the increase in technical 

complexity. On UK tilting train fleets, this has led to timetables being designed 
around non-tilt run times such that late arrivals of trains with failed tilt systems 
can be accommodated without leading to a delay to departure of that train for 
the next service25. Such an approach would not be viable on HS2 due to the high 
frequency of service; a slow running train would delay a series of following trains. 

  Tilt trains provide a reduced passenger experience due to the constrained saloon 

space. The movement of the car body must be accommodated within the same 
infrastructure profile. 

3.57.  Given the significant net increase in passenger journey times and the broader loss in 

benefits and increased costs, we recommend that journey times for HS2 trains are 
specified on the basis that all HS2 trains do not need to be capable of tilting. 

Conventional Network journey time enhancements 
3.58.  As stated in 3.1, the Hs2 Business Case (2013) assumes that there will be some degree 

of line speed enhancement works on the WCML, between Handsacre and Glasgow, in 
order to enable non-tilting trains to operate at higher speeds and thereby deliver 
HS2’s published journey times on the WCML. As stated in 3.40, the exact range of line 
enhancement work have yet to be determined and HS2 will undertake an evaluation 
of the options to inform future recommendations on the value for money trade-off 
between WCML line speed enhancement works, or other enhancements that could  
improve journey times, versus journey time benefits. 

3.59. In addition to the line enhancements, other solutions exist on the market which 

improve the ride comfort of trains on curved track, either by limiting the roll of the car 

                                                 
23 Planet Framework Modelling (PFM) has been used to determine the relationship between seating capacity 
and scheme benefits. The impact of reduced seating capacity for the Phase One tilting trains scenario is based 
on the results of this PFM modelling. For Phase 2B, it is assumed that only the Phase One fleet is made up of 
tilting trains, i.e. those trains which serve Liverpool, Preston and Scotland in Phase 2B. These represent six out 
of 24 (25%) of the planned HS2 services per hour. The Phase Two figure of £0.7bn is an approximation based 
on applying this 25% as a factor to the estimated reduction in economic benefits in Phase 2 of around £2.8bn 
NPV over 60 years. This Phase Two figure is also based on PFM modelling. 
24 Feasibility of Tilt Operation of Classic Compatible Trains eB ref C868-SLV-RR-REP-000-000004  
25 Advice received from Network Rail on the operation of UK tilting trains. 
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[bookmark: 20]body towards the outside of a curve or by tilting the car body by up to 2 degrees in to 
the curve (rather than the 8 degrees of a fully-tilting train). This small level of tilt is 
achieved with relatively minor modifications to the normal suspension system used on 
most high speed trains.  Such solutions may allow the amount of enhancement work 
required on the WCML to be reduced whilst having negligible negative impact on HS2 
operations.  

3.60. HS2 Ltd is currently assessing these alternatives to determine an appropriate 

specification approach for potential inclusion in the Invitation to Tender. The 
Technical Specification provided with the PQQ will not preclude any tilt solutions such 
that the option to incentivise ride comfort improvement technology remains open 
until ITT. 

3.61.  A DfT remit, dated 12th April 2016, on the issue of ‘The impact of HS2 Rolling Stock 

Decisions on the Capacity of the Conventional Rail Network (CRN)’ has been issued to 
HS2 which requested information on the following areas:, 

  What is the impact upon infrastructure maintenance costs of running non-

tilting HS2 trains at higher than existing conventional train speeds? 

  What is the likely impact upon train paths of inter-running non tilting HS2 

trains operating with the new line speed profile for conventional trains and 
tilting trains operating at existing or any new enhanced speed profile? 

  What is the potential marginal speed improvements for exiting tilting trains 

(and hence marginally shorter journey times) arising from the potential 
enhancements. 

3.62. The report ‘Impact of HS2 Conventional Compatible Trains on Capacity of the 

Conventional Rail Network’ – C868-SLV-RR-REP-000-000009, responds to the 
questions in the remit, based on the conclusion that the Phase One Conventional 
Compatible trains will be non-tilt. 

3.63.  This paper concluded: 

 

The increased train speed of the HS2 trains (achieved through potential line 
speed improvements) is likely to have very little impact on the infrastructure 
maintenance costs, and would have less impact than operation of the existing 
Pendolino fleet. 

 

Changes to train paths of the HS2 trains (as a result of them being non-tilting 
and in combination with various levels of WCML enhancements) are small and 
will have no impact on the ability to integrate the HS2 service with the residual 
services. There are no pathing advantages from tilting HS2 trains. 

 

All enhancements cases identified allow viable freight paths to be maintained. 

 

Journey time reductions resulting from WCML enhancements on residual 
passenger services are too small to trigger any discernible changes in demand. 
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[bookmark: 21]4.  RS&D Objectives & Success Criteria 
4.1.  To enable the assessment of the options, and to support the recommendations within 

this paper, the following success criteria have been identified that underpin the RS&D 
Objectives (see HS2-HS2-RR-PPR-000-000005). The Success Criteria are identified in 
Table 4. 

RS&D Programme objective 

Success Criteria 

How we meet the Success Criteria 

Health, Safety and Security – The 

Operational Safety – The safety risk 

Safety would never be compromised. 

rolling stock programme will be 

to the travelling passenger, staff 

The risk would be in the deliverability 

designed, built and operated with 

and the general public shall not be 

of achieving authorisation to place into 

world class health, safety and 

greater than that of the safest 

service a solution that is greatly 

security standards  

equivalent UK railway operation 

different from what is already in 
operation. The recommendations 
within this paper are deemed 
achievable in this respect.  

Environmental Sustainability – 

The rolling stock solution will 

Reduced journey times will result in 

The rolling stock programme will 

deliver the best energy efficiency it 

higher energy consumption. This is 

deliver an environmentally 

can in order to deliver the required 

mitigated by the improved journey 

sustainable solution and rolling 

journey times. 

times resulting in increased modal shift 

stock operations will minimise 

from more polluting forms of transport. 

The rolling stock solution will 

impacts to neighbouring 

The suitable types of tilting trains 

communities. 

deliver within the boundaries set by 

would be heavier and therefore 

the HS2 act on noise and vibration. 

consume more energy. Non-tilting 
trains operating up to 360km/h are the 
basis of the HS2 environmental 
statement.  The emerging evidence 
suggests that differentials in speed in 
the 330-360km/h range have very 
marginal impacts on noise.  

Journey Experience – The rolling 

The rolling stock solution will: 

Adoption of non-tilting trains will tend 

stock programme will set new 

• maximise space for passengers 

to improve passenger experience. Non-

standards in passenger experience 

• provide space for facilities 

tilting trains can adopt a larger cross 

• optimise ride quality 

sectional area which will offer potential 
to improve the feeling of space, the 
levels of comfort and the provision of 
on-board facilities for passengers. 

Ride Quality, either through line 
enhancement or rolling stock design 
will continue to be developed. 

Operations – The rolling stock 

The rolling stock will select a 

Changes to train paths of West Coast 

programme will be operationally 

solution that minimises the effect 

trains (as a result of HS2 trains being 

efficient and resilient.  

on other services on the 

non-tilting and in combination with 

conventional network 

various levels of WCML enhancements) 
are small and will have no impact on 
the ability to integrate the HS2 service 
with the residual services. 
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[bookmark: 22]RS&D Programme objective 

Success Criteria 

How we meet the Success Criteria 

Capacity & connected cities – The 

The speed and performance 

We have shown that the maximum 

rolling stock programme will add 

solution is resilient to changes in 

speed deliverable is 360km/h and that 

capacity and connectivity, through 

demand and TSS. 

will provide the required trains per hour 

meeting sponsor’s requirements for 

to meet current demand and TSS 

reliable journey time and therefore 

Minimise the total journey time 

expectations. If demand were to fall, 

minute impact of any adverse 

being a catalyst for sustained and 

our solution provides the flexibility for 

balanced economic growth across 

journey time changes for particular 

the operator to run the services at 

passenger flows (number of 

the UK. 

lower speeds or lower frequencies. 

journeys with increased time by the 
amount of journey time increase) 

Following further evaluation, value for 
money line speed improvements will be 
considered for implementation on the 
Conventional Network to enable non-
tilting trains to achieve the HS2 
business case timings. 

Value for money – The rolling stock 

The optimum speed and 

Our work shows that 360km/h is the 

programme will deliver value to the 

performance parameters are shown 

optimum speed for the railway and 

UK taxpayer and passenger. 

to be value for money. 

shows to be the best VFM option, even 
when assessed with no line 

The rolling stock programme will be 

The overall journey solution, 

enhancement works on the WCML The 

affordable within the capital budget 

including whole life costs and 

sponsors required journey times can be 

for each phase and be comparable 

benefits and the effect on 

met with a degree of line enhancement 

or better than international 

conventional network 

works. 

benchmarks 

infrastructure costs is shown to be 
value for money. 

Non-tilting trains are shown to provide 
the best value for money option when 

 

 

evaluating the benefits for passengers 
on both the high speed and 
conventional networks.   

Programme Delivery – The rolling 

The production of a Reference Train 

International benchmarking, supplier 

stock programme will be delivered 

Specification that can be met by 

engagement and specific technical 

on time. 

more than one manufacturer to 

studies have provided us with a clear 

ensure competitive procurement. 

understanding the risks and mitigations 
to support this recommendation.   

Strategic Alignment – The rolling 

Journey times required by 

The maximum operating speed of 

stock programme will meet its 

Sponsor’s requirements are 

360km/h delivers an optimal trade off 

stakeholder’s objectives and the 

achieved subject to VfM.  

with journey time and demand, taking 

sponsor’s requirements as set out in 

into account the deliverability of the 

the Development Agreement, 

Train Service Specification (TSS) and 

including supporting other HS2 

the balance of increased whole life 

strategies and goals. 

costs against the impact of longer 
journey times on economic benefits 
(revenue and user benefits). 

Risk – The rolling stock programme 

The production of a Reference Train 

International benchmarking, supplier 

will remain feasible and within 

Specification that can be met by 

engagement and specific technical 

control of HS2 and its delivery 

more than one manufacturer to 

studies have provided us with a clear 

partners. 

ensure competitive procurement 

understanding the risks and mitigations 
to support this recommendation.   

Table 4 – RS&D Programme Objectives mapped to success criteria specific to these operating speed 

recommendations. 
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[bookmark: 23]5.  Development Agreement Implications 
5.1.  The  recommendations  in  this  paper  supports  the  DfT’s  request  in  the  Development 

Agreement (Annex 6: Non-Routine Advice & Policy Support on Rolling Stock Decisions) 
as to the ‘Optimal trade-off between journey time, maximum speed and demand for 
railway’s services’. 

6.  Options considered 
6.1.  As  stated  within  section  3  of  this  report,  in  preparing  these  recommendations, 

alternative options have been considered as follows: 

 

A range of maximum operating speeds from 300km/h to 390km/h 

 

The option of adopting tilting trains technology for part or all of the HS2 fleet 

 

A range of infrastructure enhancements to the West Coast Mainline (requiring 
future analysis, but not impacting on rolling stock decisions) 

6.2.  These  options  were  considered  in  the  context  of  the  high  speed  and  conventional 

networks and for Phase One only and for Phase One plus Phase Two.  
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[bookmark: 24]7.  Context 
7.1.  This paper is one of a series of recommendation papers to be taken through 

governance prior to commencement of the rolling stock procurement process in 
March 2017. Table 5 sets out the proposed suite of recommendation papers and the 
current recommendations in order to provide context on how this recommendation 
fits in to the wider decision making process. All of these recommendations are 
considered to be material to the content of the rolling stock Contract Notice for Phase 
One. 

Key Decision Package 

Emerging / Finalised Recommendation Summary and planned BICC date 

1. 

Success Factors 

Finalised recommendation: 

RS&D Programme 

 

Ten RS&D programme objectives, aligned with key DfT and HS2 strategic goals and objectives 

 

Each recommendation paper will set out specific success criteria linked to these objectives 

2. 

Fleet Solution 

Emerging recommendation: 

 

Phase 1 should procure a Conventional Compatible (CC) fleet only 

 

The train lengths and flexibility to extend/shorten trains is under review 

 

60 trains are required to fulfil the base case TSS, with options included to provide flexibility for 
passenger demand growth and changes to end-state 

3. 

Technical: Speed 

Finalised recommendation: 

and performance 

 

360km/h is the optimum maximum operating speed for the railway 

parameters to 

 

HS2 rolling stock will be non-tilting 

meet Journey Time 

 

Value for money line speed improvements will be implemented on the Conventional network to 

requirements 

support the journey times for non-tilting trains. 

THIS PAPER 

4. 

Technical: Train 

Emerging recommendation: 

and Platform 

 

Step-free access should be delivered to maximise accessibility and reduce dwell times 

Interaction 

 

A 2 minute dwell time is optimal and is consistently achievable on the high speed network with 
step-free access for majority of dwell/demand scenarios 

 

HS2 platforms should be built at circa 1100mm height 

5. 

Technical: 

Emerging recommendation: 

Management of 

 

Design House approach 

Future Operator 

 

Phased decision making through programme including Permitted Changes included in 

requirements. 

specification 

 

Provision rather than specification for certain systems (e.g. Wi-Fi) 

6. 

Technical – Other 

Emerging recommendation: 

Material Technical 

 

Based on TSI standards and, where required (for CC Trains) national rules 

Specification 

 

Evaluation to incentivise noise performance to deliver best whole-system VfM 

Parameters 

 

Nominal design life of 35 years 

 

Conventional Compatible trains will optimised for compatibility with the TSS routes 

 

CC vehicle cross section will be at least as good as IEP 

 

Axle load limits to enable broadest possible supply base / train concepts 

 

Approach to inter-working between fleets TBC 

 

Train protection ETCS (all levels enabled) with TPWS/AWS for conventional network 

 

On HS2 network, driving will be automatic with driver undertaking supervisory role (potential to 
further automate Captive trains) 

7. 

Technical – 

Emerging recommendation: 

Maintenance and 

 

HS2 trainsets (Captive & CC) will be stabled, serviced and maintained at HS2 Ltd depots, with 

Servicing 

Conventional Rail Network depots stabling and servicing CCs 

 

One new depot to be built in Phase 1 at Washwood Heath, where the Phase 1 CC fleet will initially 
be maintained, two additional new depots in Phase 2 

 

Phase 2 Captive fleet is expected to be based at Washwood Heath, replacing the Phase 1 CC fleet 
which will move to Phase 2 depots 

 

Train Operator will be the Washwood Heath Depot Facility Operator (DFO) 

 

Stabling on CRN will be secured by HS2 Ltd or Successor Operators  

 

Fleet will not be stabled overnight within station platforms apart from Euston 
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[bookmark: 25]Key Decision Package 

Emerging / Finalised Recommendation Summary and planned BICC date 

8. 

Procurement: 

Emerging recommendation: 

Financing of Rolling 

 

Phase 1 RS fleet will be procured on a publicly financed basis at commercial close with 

Stock and Depots 

manufacturers, structured to allow private finance thereafter. 

 

A full maintenance service provision (Train Services Agreement - TSA) should be procured with RS 
on a 30-35yr term - with the earliest break point still to be determined 

 

HS2 to design and develop the Phase 1 rolling stock depot thereby excluding this activity from the 
scope of the rolling stock supply contracts. The rolling stock supplier will have specify 
requirements and sign-off the design and construction of the facility ready for his fit out. 

 

Other Phase 1 depot financing options remain open. 

 

Phase 2 RS and depots procurement and financing options remain open. 

9. 

Procurement: 

Emerging recommendation: 

Contracting 

 

The Manufacturer Supply Agreement (MSA) will be on a fixed price basis. 

Principles and Risk 

 

HS2 accepts responsibility for infrastructure complying with the agreed characteristics and for 

Transfer 

supporting the approvals process that can only be done by a train operator (this role will be 

 

transferred to a future operator). 

 

All manufacturers and maintainers obligations under the MSA and TSA will be guaranteed by a 
Parent Company Guarantee. 

 

Once trains have been accepted Train Manufacturer Maintainer (TMM) will be responsible for 
maintenance and performance through TSA. 

 

The TSA will include a performance regime and will be on a firm price basis subject to indexation 

 

All manufacturers and maintainers obligations under TSA will be guaranteed by a Parent 
Company Guarantee. 

10.  Procurement : 

Emerging recommendation: 

Purchasing 

 

Phase 2 will be the subject of a separate procurement process and strategy. 

Strategy 

 

A single CC fleet in Phase 1 will be procured via a single procurement with a minimum number of 
trains and Inclusion of “extension” options 

 

Train borne signalling equipment only will be included in the Rolling Stock package 

 

Undertaken in accordance with Utilities Contracts Regulations (UCR16) 

 

Key technical and commercial requirements to be defined by PQQ – those which could make a 
manufacturer decide to want to bid or not 

 

PQQ to ensure all shortlisted bidders have the necessary critical competencies 

 

Aim to shortlist four applicants, but they must meet the qualification criteria and be ‘fit to supply’ 

 

ITT: A four stage approach to determine best product, commercial and delivery proposition: Stage 
1 – Mandatory requirements, Stage 2 – Technical Compliance, Stage 3 – Deliverability, Stage 4 – 
Whole life cost and benefits 

11.  Rolling Stock 

Emerging recommendation: 

Programme  and 

 

PQQ by April 2017 

Project 

 

ITT by April 2018 

Management 

 

Contract award by December 2019 

Strategy 

 

Key milestones to be established for manufacturer to deliver in accordance with infrastructure 

 

programme and trial operations 

Table 5: Recommendation Papers planned to be taken through governance prior to commencement of rolling 

stock procurement process. 

7.2.  The decision on the maximum operating speed and the use of tilting trains has impacts 

all  elements  of  the  programme,  from  the  strategic  requirements  for  journey  times, 
through  to  the  infrastructure  design  for  both  the  conventional  and  high  speed 
networks.  

7.3.  The work underpinning this paper can be found in three technical papers: 

1)  Establishing the Optimum Speed for HS2 Rolling Stock. eB reference C868-SLV-RR-

REP-00-000003 

2)  Feasibility of Tilt Operation of Classic Compatible Trains. eB reference C868-SLV-

RR-REP-00-000004 

3)  Impact of HS2 Classic Compatible Trains on Capacity of the Classic Rail Network.  eB 

reference C868-SLV-RR-REP-00-000009. 
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[bookmark: 26]7.4.  The following sections of this document explain how this recommendation aligns with 

the  five  sections  of  the  DfT’s  Five  Case  Model;  the  Strategic  Case,  Economic  Case, 
Financial Case, Commercial Case and Management Case. 

8.  Strategic Case 

Maximum operating speed 
8.1.  Our research confirms that trains with capability of operating to a maximum speed of 

360km/h, without the use of tilt, deliver the Sponsor’s requirements for journey times 
on the high speed network. 

8.2.  Reducing journey times is a core strategic objective for HS2. This paper has 

demonstrated that this can be achieved through a 360km/h operating speed without 
detrimentally impacting other strategic objectives, specifically the need to deliver 
increased rail capacity. 

8.3.  Procuring rolling stock with a maximum operating speed of 360km/h preserves the 

capability to deliver strategic objectives in line with the existing Business Case, whilst 
retaining flexibility to choose alternative operating speeds in the future. Selecting a 
lower maximum speed for the rolling stock specification would mean that HS2 is not 
future proofing its railway26.  

8.4.  Procuring rolling stock capable of operating up to 360km/h would not preclude a 

future operator from choosing to operate the trains at lower speeds for part, or all, of 
the life of the train.  The elements of the trains that are designed for 360km/h 
operation would remain largely unchanged even if the train were specified for lower 
speeds. For example, the amount of installed traction power is governed as much by 
the acceleration and braking requirements dictated to deliver railway capacity as it is 
to deliver the maximum speed.  There is little or no inefficiency in operating a 
360km/h capable train at, for example 330km/h, though any reduction in operating 
speed would need to consider the potential need for a larger fleet size in order to 
deliver the same train service specification. 

Use of non-tilting trains 
8.5.  The use of tilt trains does not support the journey times required by the HS2 business 

case. 

8.6.  Although tilting trains can deliver the required journey times on the conventional 

network they are unable to deliver the required journey times on the high speed 
network, as they can only operate up to a maximum of 250km/h (with a 300km/h train 
in development) (see section 3.44-3.50); therefore any benefits from improved 
journey times on the conventional network are significantly outweighed by the loss in 
benefits from travelling slower on the high speed network (see 3.51-3.55).  

                                                 
26 The railway route alignment is designed for future operation up to 400km/h, which could be adopted when 
technologies have advanced sufficiently, which would need to include mitigation of the environmental 
impacts. Future rolling stock procurements could therefore take advantage of speeds above 360km/h subject 
to review and possible upgrade of infrastructure systems. 
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[bookmark: 27]8.7.  The only high speed tilting train concept currently proposed is based on a train 

configuration which would deliver at least 15% lower on-board capacity compared to 
the majority non-tilting high speed trains, on which the HS2 business case is based. 

8.8.  Tilt trains will lead to reduced reliability due to the increase in technical complexity. 

On UK tilting train fleets, this has led to timetables being designed around non-tilt run 
times such that late arrivals of trains with failed tilt systems can be accommodated 
without leading to a delay to departure of that train for the next service. Such an 
approach would not be viable on HS2 due to the high frequency of service; a slow 
running train would delay a series of following trains. 

8.9.  Tilt trains provide a reduced passenger experience due to the constrained saloon 

space. The movement of the car body must be accommodated within the same 
infrastructure profile. 

8.10. While the decision to adopt non-tilting 360km/h trains in Phase 1 does not preclude a 

different solution being adopted in Phase 2, it is highly unlikely that an alternative 
would be selected because the benefits of this solution are enhanced in Phase 2 of the 
scheme. 

Potential for line-speed enhancements 
8.11.  Adoption of non-tilt trains is likely to result in marginally higher journey times than are 

currently experienced between destinations on the WCML north of the HS2 
connection points. However, these can be mitigated by journey time enhancements 
to the WCML which HS2 will explore with Network Rail and provide recommendations 
to DfT in time to implement such changes prior to opening of Phase 1 (or later if 
appropriate). Changes to stopping patterns on the WCML resulting from HS2 service 
introduction are likely to have greater journey time impacts than those which will be 
experienced as a result of HS2 trains being non-tilting. 

8.12. As explained within this paper and the supporting reports, adoption of non-tilting 

trains will not have any detrimental impact on the capacity of the conventional 
network. 

9.  Economic case  

Maximum operating speed 
9.1.  The Value for Money (VfM) evaluation of operating speed options considers the 

impact for both the high speed and conventional network, looking at the whole life 
costs and benefits of each option. 

9.2.  The ‘value of a minute’ was used to evaluate the benefit / disbenefits of changes to the 

journey time. 

9.3.  We have found that the benefits from increasingly reduced journey times outweigh 

the costs associated with achieving reduced journey times up to 360km/h. 
Deliverability of a maximum operating speed above 360km/h is the limiting factor for 
further reduced journey times. 

Page 27 
 



[bookmark: 28]9.4.  Although the whole life cost is reduced at maximum operating speeds lower than 

360km/h, the loss in benefits still greatly outweighs any savings made (see section 
3.17).  

Use of non-tilting trains 
9.5.  The use of tilting trains on the conventional network would provide some improved 

journey times but this would be significantly outweighed by the loss in benefits due to 
travelling slower on the high speed network, which for HS2 services, sees significantly 
higher passenger demand and passenger kilometres (see section 3.38-3.55). 

9.6.  In Phase One, the slower journeys between London and Birmingham as a result of 

using tilt trains results in 72% of passenger journeys resulting in a disbenefit. In Phase 
Two, this increases to 88% of passenger journeys experiencing a disbenefit, due to 
there being more underutilised high speed network in Phase Two. 

9.7.  There is only one supplier on the market that is indicating an appetite to deliver a 

tilting high speed train. This would indicate a significant risk of reduced competition in 
the rolling stock procurement, with resulting threat of a poor value for money 
solution. (see section 3.33 ) 

9.8.  The approximate impact of tilting trains resulting from their reduced seating capacity 

(assuming only Phase One has tilting trains) is estimated to be in the region of £4.8bn 
(16%) reduction in benefits in Phase One (over 60 years, assuming Phase Two does 
not go ahead), and £0.7bn (1%) reduction for Phase One and Phase Two combined. 

9.9.  In summary, adoption of tilting trains would result in a significant overall dis-benefits 

to the HS2 economic case. 

Potential for line-speed enhancements 
9.10. Future recommendations on potential line speed enhancements will follow an 

evaluation of the options on the value for money trade-off between WCML line speed 
enhancement works, or other enhancements that could improve journey times, versus 
journey time benefits. 

10.  Financial Case 

Maximum operating speed 
10.1.  As this paper recommends the base case option, there is no change to the baseline 

budget for this recommendation. 

10.2. The cost variation for the options explored is set out in section 3 of this paper. In 

summary: 

 

A higher operating speed than 360km/h would result in higher capital and 
operating costs and while these are offset by increased benefits, such an 
operating speed is not considered to be deliverable. Therefore we are not 
recommending this option. 

 

A lower operating speed could result in marginally reduced CapEx and a 
relatively significant reduction to OpEx; however, these are more than offset by 
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[bookmark: 29]the significant loss in benefits. We are therefore recommending to retain the 
360km/h operating speed capability. 

Use of non-tilting trains 
10.3.  A tilting train would be more expensive to procure and operate. Tilting trains also 

offer poor value for money and present a significant deliverability risk. We are 
therefore not proposing a tilting train. 

10.4. The capital cost of a fully tilting train is around 15% more than a non-tilting equivalent. 

A 15% increase in NRC (non-recurring cost) and unit cost (recurring cost) causes an 
increase in Present Value of Costs of around £0.4bn if applied to all Phase One trains 
only.  This represents a 1% decrease in NPV. (See section 3.42, footnote 20). 

10.5.  The whole life costs of the tilting trains will be higher due to the maintenance of the 

additional systems and the increased energy consumption and track damage 
associated with these trains being heavier than non-tilt trains. Further work would be 
needed to attempt to quantify these increased costs, but we do not propose to carry 
out such work given that it would only strengthen recommendations that have been 
justified on other grounds. 

Potential for line-speed enhancements 
10.6. WCML line speed enhancements have been accounted for in the Phase One estimate 

both through base cost and through risk provision. While the cost of the upgrades 
cannot be confirmed at this stage, the cost and risk provision made to date broadly 
align with early estimates of cost provided by Network Rail. We will conduct further 
work to inform recommendations on the optimum value for money solution to 
reducing WCML journey times. This can be considered in isolation from the rolling 
stock procurement process given the wider case against tilting trains is strong 
regardless of whether any upgrades are made to the WCML. 

11.  Commercial Case 

Maximum operating speed 
11.1.  HS2 Ltd are satisfied that there a reasonable breadth of market that can deliver trains 

with a maximum operating speed of 360km/h to support a credible competition. 

11.2.  The rolling stock will be specified, via the Train Technical Specification (TTS), to 

achieve journey time capability aligned to the business case assumptions, allowing 
rolling stock suppliers to determine the optimum technical solution. To ensure that 
the Phase One rolling stock and later rolling stock procurements can work together to 
deliver the 18 trains per hour capacity for Phase Two, certain parameters will be set in 
the Reference Train Specification, such as acceleration and braking levels and 
maximum speed.  This approach supports the NAO recommendation that clear scope 
should be provided to the market at the Contract Notice. 

Use of non-tilting trains 
11.3.  As there are a limited number of rolling stock manufactures who can deliver high 

speed tilting trains and no manufacturer can currently provide tilt enable trains to 
meet our speed requirements, we do not believe the market will deliver a credible 
competition for rolling stock specified to be tilt-enabled for Phase One.   
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[bookmark: 30]11.4.  Specifying journey times that can be delivered through the provision of a non-tilt train 

would not preclude suppliers from offering a tilt solution if they felt that it delivered to 
the evaluation criteria. 

11.5.  We will consider whether we can incentivise improvement in ride comfort, considering 

the tighter curves on the WCML.  If a solution is selected that mitigates the need for 
some WCML enhancements then there may be an opportunity to reduce the scope of 
WCML enhancements required, but this opportunity would not be reflected in bid 
assessment criteria as such incentivisation would significantly complicate the 
evaluation and risk unintended outcomes. 

12.  Management Case 

Maximum operating speed 
12.1.  Non-tilt trains with maximum operating speed of 360km/h have been demonstrated 

to be deliverable27, based on existing and emerging railway technology available in 
the Phase 1 rolling stock procurement and delivery timescales. This has been 
supported by the HS2 market sounding.  

12.2. Procuring rolling stock with a maximum operating speed above 360km/h introduces 

unacceptable levels of delivery risk to the programme with technical, commercial, 
environmental and approval risks increasing as the maximum speed increases. To 
operate at such speeds would require the use of novel technology, which contravenes 
the Sponsor’s requirements. Trains compliant with European standards already exist 
for 360km/h operation. No designs exist which offer European standards compliance 
in combination with operating speeds above 360km/h. 

Use of non-tilting trains 
12.3.  It is clear from market sounding and international benchmarking that the market is 

not currently set up to develop a tilt enabled train that will be able to be delivered in 
time for the opening of Phase One without introducing significant programme, cost 
and performance risks.  If a tilt enabled train that could function at 360km/h was 
available in time for Phase Two, this opportunity could be explored subject to it 
offering value for money and a strong business case.  

Potential for line-speed enhancements 
12.4. With non-tilt trains, journey times on the WCML can only be delivered with 

enhancement works to the infrastructure. The deliverability of these works is to be 
confirmed. HS2 Ltd will conduct further studies with Network Rail to improve 
confidence in the deliverability of these works and will present recommendations to 
inform decisions on the optimum value for money solution. 

                                                 
27 See “Establishing the Optimum Speed for HS2 Rolling Stock” C868-SLV-RR-REP-00-000003 P01. 
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 link to page 14 [bookmark: 31]13.  Assurance 
13.1.  The evidence developed in support of these recommendations is includes both 

technical and economic analysis which come together to demonstrate that the 
recommendations presented align with the RS&D Programme Success Criteria. Inputs 
include market sounding information and conclusions from international 
benchmarking, both of which have been conducted by HS2 Ltd. 

13.2.  Technical reports directly contributing to these recommendations have been 

developed by HS2 Ltd’s RS&D Technical Advisor (SNC Lavalin/Arup). These reports 
have been independently reviewed within the Technical Advisor’s organisation, prior 
to a technical and analytical review taking place within HS2 Ltd (Technical Directorate 
and Commercial Directorate). The HS2 Ltd Commercial Analysis team have reviewed 
and endorsed the approach taken. 

13.3.  The HS2 Railway Operations Directorate leads the RS&D programme and have 

provided a first review of the recommendations which provides a degree of 
independence from the task and also ensures that the recommendations align with 
the wider RS&D programme and with the emerging needs of the future train 
operator. 

13.4.  Parsons Brinkerhoff have been commissioned to conduct an external independent 

strategic review of these recommendations and the supporting evidence using high-
speed rolling stock expertise that brings recent international market knowledge as a 
result of experience gained on the California High Speed Rail project. This strategic 
review covered the recommendation paper and the supporting technical reports. All 
findings have been addressed to the satisfaction of the reviewer (Comment sheet: 
HS2-HS2-IM-CMT-000-000606 details the review comments and the response).    

13.5.  The most significant of the findings from the independent strategic review relates to 

the statement by HS2 Ltd that there is only one product available on the market that 
could provide tilt capability when considering HS2’s wider performance requirements. 
The independent reviewer has cited additional products which were not sufficiently 
explored in HS2 Ltd’s documentation at the time. The products cited were known to 
HS2 Ltd but the supplier has not provided sufficient detail to date to allow 
consideration of how it might benefit HS2 from a journey time perspective. However, 
as summarised in paragraph 3.43, following discussion with the manufacturer of one 
product and literature review of the other product, neither product is appropriate for 
tilt operation on the conventional rail network. 

13.6.  The assurance process has included a review of the residual risks associated with the 

recommendations within this paper to ensure that all significant risks have been 
identified, their consequences are understood and appropriate mitigation plans are in 
place. Table 6 details and evaluates these risks and provides the mitigation plan. 
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Probability 

Impact 

Risk Score 

Residual Risks 
Management Plan 

That a maximum speed is 

1 (Very Low) the benefits 

1 (Very Low) Increased 

1 (Low) 

No further action 

specified which is never 

of shorter journey times 

costs in design, equipment 

proposed 

utilised in operation 

far outweigh any increase 

and approvals of the 

 

 

in operating costs, so the 

Phase 1 Rolling Stock, but 

future operator will seek 

this is wasted expenditure 

to exploit the capability 

rather than a risk of 

available 

additional expenditure. 
Additional OpEx of 
running an “over 
specified” train is very low. 

That the rolling stock is 

2 (Low) Legislative 

2 (Low) If speed is capped, 

4 (Low) 

Work with standards 

not ultimately approved 

approval risk is low given 

this is likely to be at 

bodies, approvals bodies 

to operate at 360km/h 

that trains have already 

350km/h which is the 

and manufacturers to 

been tested at this speed. 

speed to which existing 

agree updated standards 

European standards 

at early stage of rolling 

extend. Impact on journey 

stock project. 

times and other dis-
benefits relatively small 
from 10km/h reduction 

That one or more 

2 (Low) only one 

2 (Low) wasted 

4 (Low) 

Potential will be explored  

manufacturers develop a 

manufacturer proposing 

infrastructure investment, 

to incentivise 

train which is capable of 

tilting train >250km/h (at 

but this is offset by 

technologies during 

360km/h on HS2 and EPS 

300km/h) with no 

increased train cost, 

tender that reduce need 

(tilting train) speeds on 

intention to go higher. 

increased OpEx reduction 

for infrastructure 

CRN. 

One other manufacturer 

in rolling stock 

enhancements  

 

proposing ride 

competition and reduced 

Decision unlikely to 

compensation technology 

passenger experience 

change based on Journey 

which would allow some 

 

times even if no 

speed increase, but not 

improvement is possible 

EPS 

 

That the costs of 

2 (Low) existing analysis 

3 (Medium) potential for 

6 

Explore journey time 

infrastructure upgrades 

already considers a range 

cost of proposed upgrades 

(Medium) 

improvement 

to the WCML to reduce 

of costs, provision has 

to escalate by >10 million 

opportunities considering 

journey times of non-tilt 

been made in HS2 

wider scope than 

trains escalate. 

contingency at lower end 

conducted to date. 

 

of range. However, 

Progress only those 

upgrades will not be 

enhancements that offer 

progressed unless they 

VfM. 

offer VfM 

That the line speed 

2 (Low) studies already 

4 (High) journeys between 

8 

Minimise impact by 

upgrades to the WCML to 

identify feasible options 

Wigan/Preston and 

(Medium) 

implementing those 

reduce journey times of 

and other opportunities 

Scotland could extend in 

enhancements that 

non-tilt trains cannot be 

exist 

duration with 

represent VfM. Deliver 

delivered. 

consequential loss in 

improvements to overall 

benefits and revenue. Net 

service to compensate for 

disbenefit of tilt would still 

minor increases in journey 

outweigh benefit, so 

time. 

would not reverse 

 

recommendation 

That capacity of the 

2 (Low) impact on 

2 (Low) adjustment in 

4 (Low) 

Work with Network Rail 

WCML is affected by 

capacity on WCML and 

speed profiles (minor 

and WCML Working 

inter-running of trains 

ECML is driven by 

extension of journey 

Group to maximise 

with different permitted 

differences in stopping 

times) would be 

WCML capacity through 

speeds. 

pattern and freight speeds 

implemented in 

an optimised future 

far more than by small 

preference to reducing 

timetable 

differences in passenger 

capacity. 

 

train speeds. HS2 reports 
demonstrate no impact on 
capacity from non-tilt. 

Table 6: Speed recommendations residual risks 
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[bookmark: 34]Appendix A: Approvals Comments Log 
 

Date 

Meeting 

Comments 

Action Taken 

13/08/16 

Independent 

1.  Rather than specify ‘no tilt’ 

1. This comment was not adopted, 

Technical 

specify minimum performance 

because it was considered that it would 

Review by 

criteria, assuming no tilt. 

require a very complex scoring system 

Frank Banko, 

 

to compare journey time, interior space, 

Parsons 

2. Consider other tilting train 

energy consumption, etc.  It is 

Brinckerhoff 

technologies other than ‘active’ 

considered clearer to make a definitive 

bolster tilting.  This may permit 

statement 

tilting to be combined with 

2. These other technologies have been 

higher speeds on HS2. 

investigated and are not considered 

 

suitable for the CRN infrastructure.  

3. Statements about the CapEx 

New information has been added to the 

being constant irrespective of 

report to explain this. 

speed do not appear correct – 

3. The characteristics of the HS2 route 

e.g. tunnelling costs, alignment, 

mean that the cost savings from 

noise. 

reducing to 300 km/h are relatively 

 

small.  The report has been updated to 

4. Consider that enhancements 

include a section to explain this.  Cost 

to achieve journey time savings 

data has also been updated. 

on WCML would benefit tilting 

4. The enhancements have been 

trains as well as non-tilting trains.  determined to support faster operation 

of non-tilting trains.  There would be a 
small benefit for tilting trains.  However, 
if tilting trains were procured, it is 
unlikely that the enhancements would 
be implemented as they would 
represent much worse VfM. 

23/08/16 

HS2 Executive 

To further clarify the position of 

Additional comment added under 

Committee  

speed relating to noise. 

Environmental Sustainability criteria 
(section 4.1) to make it clear that the 
emerging thinking is that the difference 
in noise at speeds in the range of 330-
360km/h is not significant. 

14/09/16 

DfT Review 

See detailed comments log for 

Actions addressed within version P03 of 

meeting of 

details. Actions identified to 

paper. 

09/09/2016 

strengthen argument on capacity 
and why speed shouldn’t be 
greater than 360km/h. Numbers 
requested to support figures 1, 2 
and 3. Improve 5-case coverage 
for the maximum speed 
recommendation. Clarify 
relationship between maximum 
and normal operating speed. 
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Below are the cost details that underpin figures 1, 2 and 3. 
 

Cost category 

360 km/h 

350 km/h 

340 km/h 

330 km/h 

320 km/h 

310 km/h 

300 km/h 

Phase 1 spares and 
simulators 

£78m 

£77m 

£76m 

£76m 

£75m 

£75m 

£74m 

Phase 1 NRC 

£365m 

£365m 

£365m 

£365m 

£365m 

£365m 

£365m 

Phase 1 recurring 
cost 

£1,288m 

£1,266m 

£1,244m 

£1,241m 

£1,219m 

£1,216m 

£1,194m 

Phase 1 transaction 
cost 

£46m 

£46m 

£46m 

£46m 

£46m 

£46m 

£46m 

Phase 1 P50 risk 

£350m 

£345m 

£341m 

£340m 

£336m 

£335m 

£330m 

Rolling Stock 
Purchase Total 

£2,127m 

£2,099m 

£2,071m 

£2,068m 

£2,040m 

£2,037m 

£2,009m 

Table 7 Rolling stock costs breakdown (2011 prices) 
 

Cost category 

360 km/h 

350 km/h 

340 km/h 

330 km/h 

320 km/h 

310 km/h 

300 km/h 

Construction 

£21,551m 

£21,551m 

£21,534m 

£21,517m 

£21,500m 

£21,483m 

£21,466m 

Rolling stock 

£2,127m 

£2,099m 

£2,071m 

£2,068m 

£2,040m 

£2,037m 

£2,009m 

CapEx total 

£23,678m 

£23,650m 

£23,605m 

£23,585m 

£23,541m 

£23,520m 

£23,476m 

Table 8 Phase One total CapEx breakdown (2011 prices) 
 

Cost category 

360 km/h 

350 km/h 

340 km/h 

330 km/h 

320 km/h 

310 km/h 

300 km/h 

Construction 

£31,651m 

£31,626m 

£31,601m 

£31,576m 

£31,552m 

£31,527m 

£31,519m 

Rolling stock 
purchase costs 

£4,739m 

£4,775m 

£4,708m 

£4,685m 

£4,619m 

£4,578m 

£4,585m 

Infrastructure 
renewals 

£2,680m 

£2,611m 

£2,543m 

£2,474m 

£2,438m 

£2,401m 

£2,365m 

Rolling stock 
maintenance 

£8,530m 

£8,460m 

£8,389m 

£8,318m 

£8,247m 

£8,177m 

£8,106m 

Electricity 
consumption 

£5,728m 

£5,613m 

£5,498m 

£5,327m 

£5,212m 

£5,098m 

£4,926m 

Train staff 

£4,764m 

£4,764m 

£4,764m 

£4,764m 

£4,764m 

£4,764m 

£4,764m 

Network Rail 

£1,295m 

£1,295m 

£1,295m 

£1,295m 

£1,295m 

£1,295m 

£1,295m 

TOC overheads 

£4,675m 

£4,675m 

£4,675m 

£4,675m 

£4,675m 

£4,675m 

£4,675m 

Infrastructure 
maintenance 

£2,715m 

£2,710m 

£2,706m 

£2,701m 

£2,696m 

£2,692m 

£2,687m 

Station charges 

£1,527m 

£1,527m 

£1,527m 

£1,527m 

£1,527m 

£1,527m 

£1,527m 

Infrastructure 
manager 

£217m 

£217m 

£217m 

£217m 

£217m 

£217m 

£217m 

Conventional line 
savings 

-£8,047m 

-£8,047m 

-£8,047m 

-£8,047m 

-£8,047m 

-£8,047m 

-£8,047m 

Total 

£60,474m 

£60,226m 

£59,875m 

£59,512m 

£59,195m 

£58,903m 

£58,619m 

Table 9 - 60 year Net Present Value (NPV) breakdown of costs by speed 
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