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4.1  Passenger Demand and Costs

 Introduction 

4.1.1 We have assessed the business case for the preferred scheme and service specification as described 
in Chapter 3. Section 4.1 describes the forecast passenger demand for the high speed railway. We 
also set out the overall costs of building the infrastructure and the operating costs of running the 
service pattern set out in Chapter 3. Section 4.2 describes our economic and sustainability appraisal 
of the preferred scheme. Section 4.3 sets out the assessment of the potential value for money of the 
scheme taking account of all of these impacts and section 4.4 tests how sensitive this conclusion is 
to our assumptions – including the impact of running at classic speed. 

 Passenger demand

 Existing and forecast demand 

4.1.2 In 2008 there were approximately 45,000 long distance passengers per day using inter-city trains 
on the southern section of the WCML, with an average train loading across the whole day of 51%. 
According to standard industry forecasts, by 2033 long distance demand on the WCML is expected 
to more than double. This growth is being driven in the main by people’s increasing propensity to 
travel further and more frequently as they grow wealthier. Although the Pendolino trains currently 
running on the WCML would have been lengthened to 11 cars, the average train loading would have 
increased to around 80%. In the peaks the loadings would be much higher, creating some very 
crowded conditions. 

4.1.3 Figures 4.1a and 4.1b, which follow, show the number of long distance trips on the WCML in 2008 
and the forecast trips in 2033 respectively. Figure 4.1c shows the forecast average daily load factor 
on long distance services on the WCML in 2033. The 2033 figures are based on our reference case 
assumptions about what would happen in the future without HS2. 
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Long distance daily trips on the
WCML in 2008

Figure 4.1a Long distance daily trips on the WCML in 2008
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Forecast of long distance daily
trips on the WCML on 2033

Figure 4.1b Forecast of long distance daily trips on the WCML in 2033
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Forecast of average daily load factors
on long distance WCML services 2033

Figure 4.1c Forecast of average daily load factors on long distance WCML services in 2033
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 Passenger demand with the introduction of HS2

4.1.4 With HS2 journeys between London and Birmingham, Manchester, Liverpool and Glasgow would 
be up to 30 minutes faster than current services. A new high speed line would bring a more frequent 
and reliable service, a doubling in capacity and a reduction in crowding levels on many services 
(particularly in the peak). 

4.1.5 These improvements in travel time and experience would attract significant numbers of passengers 
onto the high speed trains. Of these passengers, 57% would otherwise have travelled by classic rail 
and would now enjoy the advantage of the high speed services. Faster and better journeys would 
also attract new passengers to rail - those who would otherwise have made their journey by car 
or air, and people making journeys they would not otherwise have made, as shown in Figure 4.1d. 

Passengers using HS2

Switch from Classic rail 57%

New Trips 27%

Modal shift from air 8%

Modal shift from car 8%

Figure 4.1d Source of trips of passengers using HS2

4.1.6 However there is significant variation in this composition, with mode shift from air representing a 
far greater proportion of trips over longer distances. From Scotland for example, almost one third 
of trips using HS2 would switch from air, as rail journey times become more competitive with air 
services. 

4.1.7 Figure 4.1e shows the change in long distance daily trips when HS2 is operational and Figure 4.1f 
shows the forecast average load factors on long distance services on the WCML and HS2 in 2033. 
North of Birmingham the demand for WCML and HS2 are combined – as both will use the same 
tracks. Here we see significant increases in passenger flows along the WCML. There would also 
be a significant net increase in long distance flows using the WCML and HS2 south of Birmingham. 
Overall the number of passengers on this corridor would increase by around 61,000 (a 57% 
increase). This is made up of a reduction of some 84,000 trips on the WCML into London and an 
increase of 145,000 trips on HS2. The HS2 services would be well used with average load factors 
above 60%. 

4.1.8 People would travel on HS2 for a range of reasons. Faster journeys would attract more business 
travel, with our modelling suggesting 10% more long distance business trips as a result of HS2. 
The majority of passengers (70%) would be people travelling for other reasons, with leisure trips 
likely to be particularly important. 
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 Passenger origins and destinations 
4.1.9 The two new Birmingham stations, serving broadly the same markets as those currently served by 

Birmingham New Street and Birmingham International, would handle about 54,000 trips per day 
in 2033, with more than half using Birmingham Fazeley Street. Figure 4.1g indicates where people 
using the two stations are likely to come from within the West Midlands area. Green indicates the 
areas from which the majority would go to Fazeley Street and blue indicates the areas that would 
be more likely to use the Interchange Station. 80% of passengers using Birmingham Fazeley Street 
would start or end their journey within Birmingham city. 

 

Figure 4.1g Proportion of passengers choosing Birmingham Fazeley Street and Birmingham 
Interchange by area

4.1.10 Birmingham Interchange station would provide an effective parkway location and serve Birmingham 
International Airport and the NEC. As well as capturing rail trips from the existing Birmingham 
International station, it would attract in 2033 an additional 4,000 park and ride trips from the south 
eastern edge of Birmingham. 

4.1.11 In 2033 the London stations would handle a total of 145,000 high speed rail passengers per day. 
Our modelling suggests that about 95,000 people would use Euston and around 50,000 would use 
Old Oak Common. Between half and two thirds of passengers using Old Oak Common would change 
onto Crossrail to access Central London, with the rest using the station to go to Heathrow and 
locations to the west of London. Figure 4.1h illustrates the proportion of people accessing Euston 
and Old Oak Common from various zones in London. Green indicates the majority of people access 
Euston, Blue that the majority use Old Oak Common. 
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Figure 4.1h Proportion of passengers choosing Euston and Old Oak Common by area

4.1.12 Overall there would be an increase of just over 30,000 passengers using Euston station, as a result 
of HS2. Around half of the passengers using Euston are likely to access it via London Underground. 
HS2 would therefore cause an increase in demand on the tube network. 

 Costs 

 Capital Costs

4.1.13 In order to estimate the likely range of high speed construction costs we started with a process 
using estimating procedures specific to each of the component elements of HS2 as identified in the 
detailed route planning. For each route section, we costed the scope of work shown on the detailed 
route plan and section drawings. We carried out a similar detailed process for each station. Our set 
of estimating data was derived from several sources including analogous major transport and other 
current construction projects. The HS2 Cost and Risk Model provides more details on our approach 
to calculating costs and more detail about the results. 

4.1.14 Section 3.12 illustrates the preferred scheme. The cost of this infrastructure (without a HS1 link, 
a direct Heathrow connection or rolling stock) is estimated at between £15.8 and £17.4bn. This 
includes construction risk and an additional £4.2bn to cover additional risks in line with the HM 
Treasury Supplementary Green Book Guidance on optimism bias. Figure 4.1i shows the sub-system 
components that make up the total scheme cost, indicated as a mean within the overall range.
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Item £m Includes

Rail systems 349 Railway track, ballast, fencing, drainage, junctions

Control systems 200 Signalling Control and telecommunications

Traction Power systems 252 Overhead line equipment and power supply

Stations 1,630 Euston, Old Oak, Birmingham Interchange and Fazeley 
Street

Earthworks 686 Earthworks and retaining walls

Structures 561 All structures (primarily viaducts)

Tunnels 1,466

Roads 143 Including major highways/motorway reconfiguration

Utilities 171

Additional items 420 People mover and rail reconstruction work

Contractor administration costs 938 Preliminaries, site supervision, testing, training, spares

Total Construction Cost 6,816 Excluding risk

Ancillary Items 215 Primarily additional environmental mitigation

Land costs/compensation 930 Land acquisition/compensation plus administration of 
schemes

Rolling stock depot 250 Main depot and London stabling

Project overheads 727 Client and project management costs

Design 758 All design costs and topographical/ground investigation 
surveys

Existing rail interface costs 175 Possession/isolation management and TOC Compensation

Statutory charges 200 Consultation and planning consent related costs

Construction risk 2,226 Route section and route-wide construction risks from the 
Quantified Risk Analysis

Additional scheme risk provision 4,217 Provision for external risks in line with HM Treasury 
Supplementary Green Book Guidance

Estimated Total Cost (Mean) 16,514 At Q3 2009 prices

Figure 4.1i Capital cost estimates for HS2 preferred scheme, excluding rolling stock  
(2009 prices)

4.1.15 As might be expected, civil engineering costs, such as tunnels, structures and earthworks dominate 
the infrastructure costs. In particular, although tunnels make up 10% of the total route length, they 
contribute to some 25% of the base construction cost. The necessary use of tunnels to approach London 
and for environmental mitigation purposes in the Chilterns AONB accounts for most of this figure. 
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4.1.16 The scale and complexity of the construction of the two stations in London, particularly Euston, 
account for the majority of the station costs. For Euston, given this would involve a fundamental 
rebuild of the existing station, costs from the reconstruction of St Pancras were used as a guide. 
Costs were assessed taking into account factors such as the depth below ground, the creation of 
approach tracks and concourse levels and the degree of staging. For Old Oak Common, as an open 
box station, the capital costs were estimated with Stratford International as a benchmark. 

4.1.17 Structure and earthwork costs are a function of the distance of the line of route and the scale of the 
viaducts, bridges and major earthworks required given the topography of the route. System costs, 
including rail and control systems, make up a relatively small percentage of the overall costs. The 
proportion is similar to other high speed line projects across Europe. 

4.1.18 High-level peer review of our key construction rates has been undertaken. Civil rates for structures 
and embankments are generally in line with norms used by the Highways Agency for comparable 
work. Peer review of tunnel rates is much harder due to the range of individual factors affecting 
tunnel costs; ultimately our tunnel rates have been benchmarked against emerging Crossrail 
tunnelling rates. 

4.1.19 Land costs have been assessed for the terminal stations and the preferred line of route. Our 
advisors have estimated the land cost to be in the range of £0.9 - 1.05bn. 

 Approach to risk

4.1.20 We identified and undertook Quantitative Risk Assessment (QRA) of the construction related risks for 
each route sub-section. The QRA reviewed the location-specific risks associated with the scope of 
the preferred scheme. For example, key risks related to Euston include staging and interface issues. 
For Old Oak Common they include complexity and restrictions due to the boxed station construction, 
tunnelling, the extent of highways work and site-specific interfaces with other rail operators. We 
then assessed and quantified construction risks that could impact at the route-wide level such as 
achievement of anticipated tender rates, resource availability, ground conditions, buried services 
and technical consultation and approval. The QRA outcomes were modelled using @RISK software 
to generate cost risk data. An overall construction risk provision of £2,226m equivalent to 18% of 
the infrastructure scheme cost has been included in the mean estimate. The range of cost has been 
derived using the 5 - 95% probability values shown in the cumulative cost risk distribution. 

4.1.21 As well as the construction risks, other factors relating to the delivery of such a major infrastructure 
project have been considered. The HM Treasury approach, described in the Supplementary Green 
Book Guidance for Non-Standard Civil Engineering Projects, identifies adjustment percentages for 
capital cost ‘optimism bias’ that should be used in the absence of more robust evidence. The upper 
adjustment value is 66%. The guidance shows the component elements of this adjustment. For each 
element we considered whether mitigation has been considered in the work already undertaken in 
developing the project to date. Key assumptions relating to this consideration are:
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• The scope of work is fixed. It is assumed that a material change in scope would only be made 
after evaluation of the incremental costs and benefits that it would bring to the HS2 business 
case; since we are making no allowance for benefits, no provision has been made for additional 
costs from material scope changes. 

• Innovation is limited. All the technology assumed in the design intended for use from Day One 
is already employed in Europe. In designing a TSI-compliant high speed railway, sub-systems 
used in Europe would already have cross-acceptance for use on HS2 at our required levels of 
functionality and reliability. 

4.1.22 We concluded that an additional provision of 34% on top of the estimated QRA construction risk 
figure should be included. The full assessment of component applicability is shown in HS2 Cost and 
Risk Model. 

 Rolling stock

4.1.23 Rolling stock costs were estimated by applying the rolling stock numbers derived from the Day One 
train service assumptions to rolling stock unit rates. The estimate is shown in Figure 4.1j below:

Rolling stock type £m Comments

HS captive fleet (16 sets) 472 Includes risk provision of 18% (standard, off-the-shelf, 
European designs; relatively low risk)

HS classic-compatible fleet (45 sets) 
 2,363

Includes risk provision of 40% (higher risk reflecting 
greater complexity and commercial viability of UK-specific 
design and development)

Total 2,835 At 2009 prices

Figure 4.1j Rolling stock capital cost estimates (2009 prices)

 Operating Costs

4.1.24 We divided the operating costs into four categories, as below: 

• Infrastructure operations and maintenance. The costs we have used are a direct reflection of 
HS1 costs. This is the most representative cost comparator but we recognised that it includes a 
relatively large overhead due to the short length of HS1. 

• Rolling stock. The more complex classic-compatible trains would be more expensive to maintain 
than the standard captive fleet. Based on advice from rolling stock operators in Britain and 
elsewhere in Europe we have estimated a maintenance cost of £2.80 per km for a captive train. 
However, for the classic-compatible fleet we have allowed £3.50 per km. Traction power was 
modelled with our Reference Train along the preferred route. For a 200m train, the model 
calculated the energy consumption would be £2.80 per km and this is the figure we have used in 
the overall costs. 

• Traincrew. We estimated the total likely annual costs through an estimate of the number of 
drivers and conductors required to operate the assumed Day One train service using current UK 
longer distance operators’ typical working hours, practices and costs. 
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• Station costs. We prepared staffing estimates for operational staff for each of the four different 
station types identified in the preferred scheme. Specimen station utility and maintenance 
costs have also been included. This does not include any non-operational commercial and retail 
activities. 

 European comparisons

4.1.25 Various high level comparisons of the capital costs of constructing high speed lines around Europe 
have been published with very large apparent variances in costs per kilometre. We have sought to 
understand what the real variations have been and how they compare with the construction of HS1 and 
our own estimates for HS2. We therefore commissioned a detailed benchmarking exercise of a range 
of other European high-speed lines by BSL Management Consultants, a subsidiary of Lloyd’s Register 
Group. BSL has extensive experience of international benchmarking of construction, operation and 
maintenance costs for railway administrations and regulatory bodies. The aim of the work was to 
break costs down to a level of detail which enabled realistic comparison between international costs 
and emerging HS2 costs. BSL obtained data from each appropriate railway administration for six high-
speed lines, two in France, two in Germany and one in both Italy and Spain. 

4.1.26 BSL took a four-step approach to analysis:

• Cost normalisation for inflation and currency conversion. 

• Allocation of cost by project phase.

• Breakdown of cost within a phase. 

• Derivation of unit rates where possible. 

4.1.27 The work gave more detailed focus to the construction phase which typically accounted for 80% 
of overall project costs. We have also compared the results of this analysis with data from the 
construction of HS1.

4.1.28 It became evident that mainland European high speed line construction has generally avoided the 
major construction scope and cost associated with the provision of major new terminal stations 
and dedicated approaches through urban areas. The latter tend to require tunnels or otherwise 
extensively engineered sections with major property costs. Unlike in the UK there has not been 
significant rationalisation of railway facilities in cities and therefore the opportunity remained to 
take over spare capacity in existing terminals and share capacity on existing tracks, albeit at classic 
rail speeds. Additionally these facilities have been laid out for European gauge and length trains. 
In the UK existing rail corridors into the major cities are already at or near capacity through the 
continuing growth of classic rail services so such an approach, as seen with the construction of HS1, 
is not possible and new dedicated high speed infrastructure through urban areas into newly created 
terminals is required. 
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4.1.29 After taking into account UK-specific needs to create new terminals and urban approaches, 
the comparison of European rates and rates derived for HS1 and HS2 shows UK unit rates for 
construction typically up to double those being achieved in mainland Europe. During the HS2 cost 
challenge process we sought to identify potential causes of this variation in order to assess the 
opportunity to address them either in the development and construction of HS2 specifically or to 
promote action more generally from which HS2 would benefit and bring our costs more in line with 
those elsewhere in Europe. Potential causes of the variation which have been put forward were:

• The extent to which HS1 and HS2 have been considered as discrete projects as distinct from 
being part of a rolling programme of construction which has given European railways and their 
contractors continuity of work and hence the opportunity to develop stable skilled teams and 
managements with efficient repeat work techniques using capital-intensive equipment. 

• A more prescriptive approach to transposition of EU legislation into UK law compared with 
a more enabling approach adopted in the countries studied. This appeared to have led to the 
creation of a number of overhead technical, safety and commercial checking and acceptance 
roles considered necessary in the UK environment which are not considered necessary 
elsewhere. 

• The extent of additional supervision seen as necessary in the UK given the one-off nature of work 
without the same developed skills of construction staff that are available on continuous work in 
Europe. 

• Multiple layers of technical and commercial supervision due to more of a trend in the UK towards 
multiple sub-contracting, each commercial layer adding overheads and profit. 

• Through the complexity of contractual relationships, the dependency which has emerged in the 
UK on large external programme management teams to achieve confidence in overall integration 
and management of delivery risks. 

• The potential, through the addition of optimism bias in the UK, to create self-fulfilling project 
price inflation whilst allowing “still on budget” completion – and therefore the belief that the 
optimism bias was justified. 

4.1.30 There was no significant evidence of inherent material inefficiency of individual firms within the 
construction industry, as evidenced by their success in competing for work elsewhere in Europe and 
world-wide. 

4.1.31 It has not been possible within the time available to carry out further work to assess and quantify 
the degree to which each of these factors has affected the unit cost of construction of HS2 and 
analogous infrastructure projects, or whether all the material factors have been put forward. 
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 Summary and key recommendations

4.1.32 On passenger demand, our work showed the importance of new trips as well as passengers 
switching from classic rail, and, for journeys to and from Scotland, of modal shift from air. 

4.1.33 Through the European cost comparison work, we identified a number of potential reasons why UK 
construction unit costs appear greater than in the other countries studied. 

4.1.34 We recommend that more work is undertaken to:

• Understand these issues fully. 

• To propose specific actions by those delivering HS2, the UK construction industry or Government 
to effect changes which may be necessary to realise the cost reduction opportunities by bringing 
capital costs more into line with others in Europe. 
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4.2  Appraisal results

 Introduction

4.2.1 We focussed our analysis of the preferred scheme on its effect on the economy, carbon, safety 
and health, quality of life and fairness, in general accordance with the DfT goals and challenges. 
We carried out a number of tests to understand how sensitive these results are to our main 
assumptions. We also compared the results of our preferred scheme with those of a new classic 
line, running at conventional speed. 

 Assessment of impacts on transport users

4.2.2 A new high speed railway line would have a substantial up-front cost but would be operated, and 
bring benefits, over many years. In order to compare costs and benefits occurring at different points 
in time, our appraisal brings all future year values to a ‘Present Value’ (PV) in 2009. This is done by 
discounting future year values with the Government’s discount rate of 3.5% for the first 30 years, and 
3% per annum thereafter, reflecting the fact that benefits and costs today are valued more highly 
than those in the future. In line with Government practice for this type of investment, our appraisal 
has been carried out over 60 years. All costs and benefits are given at the level of prices prevailing in 
2009 (‘2009 prices’). 

4.2.3 Conventional transport appraisal considers the impact of an investment such as HS2 on the whole 
experience of a journey including the time spent travelling, financial cost, reliability, crowding 
and the length of time it takes to connect between different services. Time savings, crowding and 
reliability improvements are valued using values of time (with higher values for business trips than 
other trips). Conventional appraisal also values certain other impacts, such as accidents, carbon, air 
quality and noise, for which there are established monetary values. 

4.2.4 A high speed line would offer benefits from faster, more reliable, more frequent and, in many cases, 
less crowded services. On this basis we estimate that HS2 would generate benefits of some £32bn 
(PV) and increase net rail revenues by almost £15bn over the course of the 60 year appraisal period. 
Of these benefits, the vast majority, (over 85%) are delivered through conventional transport user 
benefits such as time savings, crowding relief and reliability. Around two thirds of the benefits 
come from people using the classic-compatible services to and from places further north than 
Birmingham. 
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4.2.5 Business passengers would gain the most in value from HS2, despite representing only a third of trips. 
This largely reflects the high value that business users and their employers attach to having faster 
journeys. But other users of HS2 would also gain significantly from improved journey times. Overall 
each person using HS2 would benefit by an average of around £8 per trip. 

4.2.6 We set out below more detail on three key areas; benefits by region, benefits by transport mode and 
Wider Economic Impacts. 

 Regional benefits

4.2.7 HS2 would generate benefits for transport users across much of the UK. The three largest economic 
centres in the country – London, Birmingham and Manchester – representing almost a quarter of 
the UK’s employment, would benefit directly from the scheme. In particular connectivity between 
these cities would be significantly improved. The benefits would not be limited to areas directly 
served by HS2. Passengers from a wide catchment would be likely to access high speed services, 
using both road and classic rail to access the high speed stations. 

4.2.8 It is difficult to analyse exactly where the benefits of HS2 would accrue. Our modelling tells us 
where trips start and finish, but that does not necessarily tell us where the benefits would fall. We 
can identify business people travelling from Manchester for meetings in London. Whether it is the 
Manchester business person who benefits, or the London based firm/client they are meeting is 
harder to identify. 

Regional User 
Benefits Business Other

London 36% 36%

South East 6% 5%

West Midlands 18% 18%

North West 22% 22%

Scotland 8% 7%

Other 11% 11%

Figure 4.2a Proportion of HS2 benefits by origin of trip

4.2.9 Figure 4.2a above shows the benefits from long distance trips starting in different regions. 
Trips starting in London and the South East to all parts of the country generate the largest share 
of benefits. There are also significant benefits from trips starting in the West Midlands and the 
North West. 
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 Benefits by transport mode

4.2.10 As would be expected, the benefits would not be spread evenly across the transport modes as the 
vast majority of benefits are experienced by the HS2 passengers themselves. 

• HS2 Passengers. These gains are worth more than £20bn, and mainly driven by improved journey 
times, with reliability and reduced crowding also generating significant benefits. 

• Passengers on the Classic Line. Taking long distance journeys onto HS2 would free up capacity 
on the WCML. This would reduce crowding substantially and greater frequency would be offered 
on local and regional services where appropriate. Re-use of capacity by short distance services 
would be expected to deliver benefits of around £2-4bn. 

• Road Users. In 2033, around 11,000 long distance car trips per day would be likely to transfer to 
HS2. This would lead to a reduction in congestion but the net impact of this is relatively small. For 
example traffic flows on the southern section of the M1 would fall by around 2%. However across 
all road users this adds up to some £2bn in benefits. 

4.2.11 While the majority of transport users would benefit from the introduction of HS2, some passengers 
could experience longer or less frequent services – particularly those on the GWML who would have 
an extra stop at Old Oak Common or from some stations on the WCML. Also some services could 
see increased crowding with more passengers using rail and Underground services to connect to 
high speed services. These impacts and the disbenefits they generate are outweighed by the large 
benefits to be gained by HS2. 

 Wider Economic Impacts of HS2

4.2.12 The benefits of HS2 considered so far have been mainly those traditionally estimated in transport 
appraisal such as time savings, crowding and reliability. There is an increasing volume of evidence 
that transport interventions can generate further benefits, mainly to the productivity of the economy. 
The Wider Economic Impacts include the benefits from improved linkages between different firms 
and between firms and their workers, which can lead to economies of scale and other efficiencies. 
Further potential impacts may be realised if HS2 results in changes in the spatial pattern of 
economic activity in the UK (see paragraph 4.2.19).

4.2.13 The first of these impacts is currently addressed in draft guidance from DfT. Figure 4.2b provides a 
summary of both the traditional appraisal impacts and the additional Wider Economic Impacts, as 
estimated using this draft guidance. 
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Benefits (£m)
 

A) Conventional Appraisal

Time Savings (including crowding)  

Business user savings £17,600

Commuting & Leisure user savings £11,100

Other Benefits

Other User Impacts (Accidents, Air Quality, Noise) less than £100

Total transport user benefits – conventional appraisal £28,700

B) Wider Economic Impacts

Labour Market Impacts  

Increase in labour force participation £0

People working longer £0

Move to more productive jobs Not Included

Exchequer consequences of increased GDP £0

Agglomeration benefits £2,000

Increased competition £0

Imperfect competition £1,600

Total additional to conventional appraisal £3,600

C)  Total (excluding financing,  
social & environmental costs & benefits) £32,300

All in £m, appraised over 60 year time period, discounted to 2009 values, 2009 prices 

Figure 4.2b HS2 benefits  
(following DfT transport appraisal and Wider Economic Impact guidance)

4.2.14 Section A of the table summarises the results of the more conventional appraisal of transport user 
benefits outlined in WebTAG. These have been described in more detail in the previous section. 

4.2.15 Section B of Figure 4.2b outlines the additional benefits from Wider Economic Impacts, as calculated 
using the draft guidance from DfT. These are:

• Labour Market impacts. These are mainly derived from benefits to commuters which may 
encourage more people into the labour force, or encourage those who already have jobs to work 
more. This will boost the level of productivity in the economy. A further possible impact – people 
moving to more productive jobs – has not been explicitly calculated by HS2 as this requires 
modelling of land use change. 
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• Agglomeration Benefits. These are the benefits of improved linkages between firms. 

• Imperfect competition. This impact reflects that in a world of market imperfections, increases 
in production (output) will lead to benefits since consumers value the extra goods and services 
by more than the costs of production. This leads to further benefits not captured in conventional 
appraisal. 

4.2.16 Calculating Wider Economic Impacts is not clear cut for such a large infrastructure project as 
HS2. Labour market impacts are minimal since HS2 is unlikely to benefit significant numbers of 
commuters. The opportunity to move to more productive jobs may be more significant but we have 
not been able to consider it systematically in the time available – although we note the potential of 
land use change below. Increasing output of imperfectly competitive markets is estimated to deliver 
£2bn, with improved linkages between firms (agglomeration) leading to a similar level of benefits. 
Overall we estimate Wider Economic Impacts based on DfT’s draft guidance would add a further 
£3.6bn (11%) to the benefits of HS2. 

4.2.17 These estimates are subject to considerable uncertainty. The agglomeration impacts in particular 
are based on a methodology that focuses on intra-regional relationships. So while there are 
potentially significant benefits from improving linkages between firms, the size of those benefits 
decays rapidly over longer distances. This means that in the case of HS2, whilst there would be a 
significant strengthening of links between firms, there would be relatively small agglomeration 
benefits. The estimation of Wider Economic Impacts is driven by decongestion benefits to local road 
users, as well as the benefits of released capacity. 

4.2.18 We have considered whether the guidance from DfT will cover all of the benefits of HS2 – which 
is fundamentally an inter-regional project. Research undertaken by Daniel Graham on behalf of 
HS2 suggests that the DfT methodology may well understate the agglomeration benefits of HS2, 
which could extend over a wider distance than current guidance suggests. However even these are 
expected to be small. 

4.2.19 We have also considered the impacts of changes in spatial patterns of economic activity that might 
result from HS2. These could include firms relocating to take advantage of the new high speed line. We 
have not estimated this directly, rather we have looked at the international experience. It is clear that 
in some cases there have been significant changes in spatial patterns, although it is not necessarily the 
high speed station (on its own at least) which drives such changes. And what evidence exists suggests 
this is largely relocation of existing firms rather than creation of new firms – which suggests the impact 
on national productivity is likely to be limited. 
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4.2.20 The evidence we have seen suggests that, overall, Wider Economic Impacts are likely to be a relatively 
small part of the business case for HS2 at a national level (adding perhaps 10-15% to the benefits). 
However at a local level the impacts could be much more significant. There is evidence from around 
the world of high speed rail stations supporting the growth, regeneration and even relocation of urban 
centres. Locating a high speed station at Old Oak Common, for example, could be a catalyst for the 
development of other rail links and with them improved connectivity and regeneration. Such growth 
would not flow automatically from the provision of a new station. For successful change to be delivered 
there would need to be:

• Integration of the high speed network within the long term vision of the city being served. A new 
service ought to be actively supported by other policies to improve the local economy. 

• Integration with the local transport network. 

• Strong local leadership to drive change and take account of local needs. 

4.2.21 HS2 would also be one of the largest construction projects undertaken in the UK, with the potential 
to create up to 10,000 construction jobs, and a further 2,000 permanent jobs through maintenance 
and operation. 

 Impact on carbon emissions

4.2.22 Reducing greenhouse gas emissions and combating climate change is one of the four UK Government 
priorities for sustainable development and a key goal of delivering a sustainable transport system. 
This section analyses the carbon impact of HS2 and key design impact considerations. 

4.2.23 UK carbon dioxide emissions are expected to decrease from 528 million tonnes in 2010 to 482 million 
tonnes in 2020. Of this, transport emissions are expected to stay steady at around 139 million tonnes. 

 Carbon Impact

4.2.24 The impact of HS2 on carbon emissions is both complex and highly uncertain. There are effects 
from the operation and use of HS2, and also from its construction (embedded carbon). The overall 
impact will depend on the decisions and actions of a wide range of people beyond the control of HS2. 
Key uncertainties that affect emissions from HS2 include:

• Response of airlines. As air passengers switch from air to high speed rail, airlines may respond 
in many different ways. The effect on the number of flights is therefore uncertain. 

• Grid intensity of electricity. As electricity is the primary energy source of HS2, the emissions 
from HS2 trains will be entirely dependent on the amount of carbon released in generating 
electricity. 

• Detailed planning and construction techniques. Carbon emissions could be reduced by 
increased use of recycled materials in construction (e.g. steel), the development of new blends 
of concrete that are less carbon intensive and use of existing techniques to optimise efficiency 
of construction.
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4.2.25 How these impacts feed through into changes in emissions for the UK as a whole is even more 
uncertain. For example, if airlines respond to reduced demand by reducing the number of domestic 
flights, they may re-use the landing slots at airports freed up with new – perhaps long haul – flights. 
This will be particularly true where there are constraints on the capacity of airports. It will tend to 
reduce carbons savings and could even mean an increase in carbon emissions. And Government 
policies – particularly the use of cap and trade schemes – can affect the way HS2 emissions are 
captured in the economy as a whole. 

4.2.26 Despite the uncertainties, our assessment suggests that the direct impacts are likely to be within 
the range from a small increase to a small reduction in emissions. We do not attempt to quantify the 
second round effects. 

 Operational Carbon

4.2.27 HS2 would have both positive and negative effects on transport emissions. Increases would be due 
mainly to the new high speed services, through the greater distance travelled and because faster 
trains require slightly more energy. The re-use of capacity freed up on the WCML would increase rail 
emissions slightly. 

4.2.28 Against this there would be reductions in emissions through mode shift (both air and road) and as 
a result of running fewer Pendolinos on the WCML (services that are replaced by HS2). Figure 4.2c 
considers each of these impacts in turn. 

Change in CO2 over 60 years (MtCO2)

HS2 Emissions +19.7 (0 to +26.1)

Other Rail Impacts -0.9 (-1.3 to +0.5)

Car Mode Shift -0.2 (-0.5 to 0)

Air Mode Shift -23.2 (-23.2 to 0)

Total -4.6 (-25.0 to + 26.6)

Figure 4.2c Impact on carbon emissions following the introduction of HS2

4.2.29 Two key uncertainties in operational carbon impacts relate to the emissions from HS2 trains and the 
change in aviation emissions. Emissions from HS2 trains would be driven by assumptions about the 
carbon intensity of electricity. Given the uncertainty of projections beyond 2025, our central case is 
based on a conservative assumption that carbon intensity will not fall beyond 0.385kgCO2 per KWh – 
towards the upper bound of forecasts for the opening year of HS2. Even at this level, HS2 emissions 
would represent less than 0.25% of transport emissions. 
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4.2.30 If the Government were successful in its commitment to reduce the carbon intensity of electricity 
by 2050, to between 14% and 40% of today’s levels, HS2 emissions would be significantly lower. 
Applying projections from the Committee on Climate Change in its first progress report on carbon 
budgets would suggest HS2 emissions would be less than 3MtCO2 (million tonnes of carbon dioxide) 
over 60 years. 

4.2.31 The range shown in Figure 4.2c reflects differences in assumptions on the carbon intensity of 
electricity, ranging from today’s values to zero (all renewable energy). Overall the emissions 
from HS2 trains, along with other changes to the classic rail network, are likely to be positive but 
relatively small. Even under the worst case assumptions, emissions would be just over 26MtCO2 
over 60 years. 

4.2.32 Whether the introduction of HS2 leads to an overall increase or decrease in emissions is almost 
entirely dependent on the impact of changes in demand on aviation emissions. There is considerable 
uncertainty around this, and actual changes in emissions will depend on how airlines respond 
to reduced demand. For small changes in demand it is possible that airlines would not respond 
at all. However, for larger reductions in demand, airline routes may become uneconomical, with 
reductions in the number of flights. We assumed that flights are reduced pro rata with reductions 
in air passengers – i.e. emissions per passenger remain constant on airlines. We estimate that HS2 
would reduce domestic air passenger demand by up to 10%, and thus we estimate a 10% reduction 
in domestic aviation emissions. This is equivalent to a saving of 0.4MtCO2 per year. The upper end of 
the range in Figure 4.2c assumes no reduction in flights.

4.2.33 Overall this suggests that the impact of HS2 on carbon emissions will be between an increase in 
emissions of 26.6MtCO2 and a reduction of 25MtCO2 over 60 years. The key drivers of this range 
are the carbon intensity of electricity – which drives the size of emissions from HS2 trains – and the 
response of airlines to reductions in aviation demand. Perhaps the most important point to note is 
that this is equivalent to a range of -0.3% to +0.3% of UK transport emissions. So HS2 would not be 
a major factor in managing carbon in the transport sector. 

 Embedded carbon

4.2.34 Embedded carbon represents the carbon emissions associated with construction operations such 
as constructing the rail infrastructure and trains, as well as the embedded energy within the bulk 
construction materials. Emissions from embedded carbon are largely due to the use of high energy 
bulk materials such as steel and concrete, and high energy intensive construction practices such as 
tunnel boring. 

4.2.35 Given the preliminary stage of the design for the scheme, only the main bulk construction materials 
have been estimated, considering the quantity of materials required for tunnels, at grade sections, 
viaducts, track, stations and platforms. Total embedded carbon emissions for the preferred scheme 
between London and the West Midlands are estimated at 1.2 MtCO2, within the range of +0.29 to 
+2.12 MtCO2. 
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 Climatic factors and adaptability

4.2.36 As far as possible, HS2 would be designed and built to take full account of any changes to climate 
predicted over the scheme’s operational lifespan. In particular, where areas already likely to flood 
now and increasingly so in the future could not be avoided, HS2 would be constructed on viaduct 
– this type of mitigation has been incorporated as far as possible in design thus far. Additional 
protection would be given to particularly vulnerable parts of the network such as tunnel entrances 
and electricity supply locations. 

 Quality of life

4.2.37 Improving quality of life includes a range of environment-related objectives including reducing 
exposure to noise; minimising the impact on the natural environment, heritage and landscape; 
improving the experience of travel; and creating opportunities for social contact and leisure. Our 
Appraisal of Sustainability also reviewed impacts on soil and land resources, waste generation and 
resource use. 

 Noise

4.2.38 Noise impacts from HS2 would affect many people living along the route, with about 350 dwellings 
predicted to experience high noise levels and a much larger number experiencing some increase, 
were no mitigation put in place. Initial appraisal has determined the main locations where mitigation 
in the form of noise barriers and other means would be necessary. Further design and modelling 
would be needed to work out how these impacts could best be reduced. Similarly, an estimated 
9,400 houses located over tunnel sections could experience vibration impacts. However, based on 
experience with HS1, mitigation measures, once developed and appraised, would be expected to 
remove the majority of these impacts. 

 Landscape and townscape

4.2.39 The main landscape impact of HS2 would occur in the Chiltern Hills. Considerable work has already 
been undertaken to mitigate the potential adverse impacts to this nationally protected landscape. 
Opportunities to reduce impacts further would be sought as design detail was taken forward; for 
example by using natural screening, earthworks, false cuttings and landscape planting. 

4.2.40 The HS2 line of route would generally avoid impacts on townscape. The most significant impact 
would be at Euston where a relatively large area of land take and consequently large number of 
demolitions would be required. This, together with the new station building, would intrude into 
views from conservation areas and directly affect some locally important features, such as St 
James Gardens and six Grade II listed buildings. The London Borough of Camden has set out a 
vision for wider change in this area and further development of HS2 should be taken forward with 
this very much in mind. Similarly, the development of Birmingham Fazeley Street station should be 
coordinated with the Birmingham Eastside development. 
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4.2.41 Further land take would also be required to provide for a new station to the west of Old Oak 
Common. While the new surface route would run from there on the north side of the existing 
Chiltern Line, reducing the need to widen the rail corridor, around 20 to 30 residential properties 
would need to be demolished along the route to West Ruislip, in addition to around 23 at Old Oak 
Common itself. There are also clusters of other properties which would potentially be affected 
at locations on the line of route between London and the West Midlands, including at Aylesbury, 
Stoneleigh and Lichfield. 

4.2.42 A number of protected buildings and grounds lie near the preferred or alternative routes. Three 
seem likely to be directly affected on the basis of current designs – Shardeloes near Amersham, 
Hartwell House near Aylesbury and Stoneleigh Abbey near Kenilworth - although it might be 
possible in subsequent stages of scheme design to reduce or avoid these impacts altogether. 

 Wildlife and biodiversity

4.2.43 Early route development has managed to avoid most potential impacts on designated habitats and 
sites. No international sites would be adversely affected and impacts on nationally protected sites 
would be restricted to a few locations close to Ufton Fields SSSI near Leamington Spa, and river 
crossings at the Colne Valley in Denham near Uxbridge and the River Blythe, near Coleshill. 

4.2.44 Impacts on local and regional sites would also be likely to include some loss of ancient woodland 
in the Chilterns. However, considerable effort would be made to further reduce these effects and to 
seek opportunities for enhancements through habitat creation and extension. 

 Water and flooding

4.2.45 Water resources include rivers, streams and lakes, as well as underground supplies. Much has been 
done through design to date to avoid direct impacts, but they are still widespread between London 
and the West Midlands, so considerable further work would be required to ensure that national 
objectives for improving water quality would not be compromised. Where these impacts could be 
highest, river diversions would have to be undertaken: for example for short sections of the River 
Colne, the River Cole, the River Tame and the River Rea. 

4.2.46 Equally, passage of the scheme over or through aquifers or areas with groundwater which is 
susceptible to pollution would present major risks requiring mitigation. Again this is the case across 
the Colne Valley where the majority of such groundwater occurs as well as between Brackley and 
Kenilworth, near Coventry, where high quality aquifers are prevalent. 

4.2.47 HS2 would also cross areas prone to flooding with the preferred route passing across 17km of 
the highest risk flood areas. Scheme design would be critical here to ensuring that impacts are 
effectively managed and avoided. 
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 Soil and land resources

4.2.48 On the positive side, HS2 would support planned developments at Old Oak Common and Euston and 
would result in a number of previously developed ‘brownfield’ sites, totalling some 250 hectares in 
extent, being brought back to productive use. Although it would affect none of the most productive 
Grade 1 farmland, it would cross some 23km of only slightly less productive Grade 2 farmland. 

 Waste generation

4.2.49 In terms of the waste generated by the scheme, particularly during its construction, almost 2 million 
cubic metres of spoil would arise from tunnel excavation. This would be costly to dispose in landfill 
and opportunities to re-use this material, either on other parts of the HS2 such as landscape or 
noise bunds or for other uses offsite, would need to be sought. 

 Resource use

4.2.50 It is too early to give detailed consideration to the materials and resources that would be used in 
constructing HS2. This is something that would be explored during ongoing design. By the time that 
HS2 construction could commence, the availability of high sustainability materials in the market 
could be very different from today. 

 Equality of opportunity

4.2.51 Promoting equality of opportunity includes improving accessibility, enhancing regeneration, 
reducing regional imbalance and promoting community integrity. 

4.2.52 HS2 would benefit communities and support regeneration initiatives at Euston, Old Oak Common 
and central Birmingham. HS2 stations adjacent to areas of deprivation are also likely to provide 
local employment opportunities. Wider benefits would arise to the extent that the major stations 
at Euston and Birmingham Fazeley Street increased the overall attractiveness of the surrounding 
area for investment and increased development. Perhaps the best regeneration opportunity could 
come from a station at Old Oak Common where the interchange between HS2 and Crossrail, along 
with the increased connectivity such a station could provide for neighbouring areas, could offer very 
significant opportunities for the regeneration to which the London Borough of Hammersmith and 
Fulham is committed. 

4.2.53 The areas around the main HS2 stations would also, however, lead to the greatest number of 
demolitions. The area around Euston would be most at risk with 5 blocks containing about 220 flats 
in the Regents Park Estate potentially affected, and residents in a further 170 properties becoming 
exposed to the environment of an operational railway. People living here are in a relatively deprived 
part of the country, which is likely to make them and the communities they live in particularly 
vulnerable to these impacts. However, there would be potential re-housing opportunities within the 
site that would be one of a number of ways to accommodate those people affected. The way that the 
existing communities are addressed as part of the wider plans for improvements to the area would 
be critical to the success of the scheme. 
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4.2.54 Other communities potentially affected by demolitions include those directly along the route 
between Old Oak Common and West Ruislip and around the Hanger Lane road system in Ealing 
where together over 40 residential properties might require demolition. 

4.2.55 Additionally, in a few places the route of HS2 could increase the sense of isolation of residents where 
properties would become ‘islanded’ by HS2 in combination with other roads and railways, although 
physical access to these areas would be maintained. Locations potentially so affected include the 
northern edge of Little Missenden, the southern edge of Wendover and an area south of Stoke 
Mandeville. 

 Safety, security and health

4.2.56 We focussed on the air quality, health and wellbeing impacts of the HS2 proposals. HS2 rolling stock 
with electric traction would not be an issue in air quality terms. The issue arises in relation to access 
to HS2 stations where increases in car traffic, in particular, might result in an increase in localised 
air pollution. This is not expected to be significant if stations served by HS2 have good public 
transport links. 

4.2.57 At the margin, HS2 has the potential to affect health and well-being both positively and negatively. 
The benefits would stem from reduced crowding on existing rail lines. On the negative side, 
adverse effects could arise from other environmental impacts, such as noise or disturbance from 
construction, where these were sufficiently serious to bring about indirect health effects on their 
own or in combination. However, this would be likely to happen in very few cases. 

 Summary and key recommendations 

4.2.58 HS2 would bring significant transport user benefits to all regions served both directly and indirectly 
(through hybrid running). It would also produce benefits to users of the WCML as well as HS2 
passengers. There would be wider economic benefits, not all of which it has been possible to 
quantify. 

4.2.59 The impacts on carbon emission would, at worst amount to about 0.3% of overall transport 
emissions. 

4.2.60 HS2 has the potential to assist regeneration, development and wider economic growth, particularly 
around stations. However, there are potentially significant adverse landscape and townscape 
impacts around those stations and through the Chiltern Hills, adverse impacts on water resources 
and noise and land take issues for existing communities along the line of route. 

4.2.61 We recommend, if HS2 is to be taken forward, that a priority for further design work should be to 
seek to avoid and if that is not possible, to mitigate the key impacts. 
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4.3 The case for HS2: value for money

Overview

4.3.1 Chapter 4 has considered the substantial benefits as well as costs of HS2. In this section we draw 
this together to consider the strength of the overall business case, and whether the benefits justify 
the costs. 

4.3.2 Figure 4.3a summarises all of the key impacts that can be quantified and valued in monetary 
terms. The net transport benefits (3) would be worth close to £29bn. Benefits to business and other 
transport users make up the bulk of this (£17.6bn and £11.1bn respectively), with small further 
benefits from reductions in accidents, noise and air quality from lower road traffic. A further £3.6bn 
could be added through Wider Economic Impacts (item 4). This means the total benefits of the 
scheme are estimated to be £32.3bn.

Quantified Costs and Benefits of HS2  
(PV 2009 discount year and prices)

Business Other

(1) Transport User Benefits £17.6bn £11.1bn

(2) Other Benefits (excl. Carbon) less than £0.1bn

(3) Net Transport Benefits (PVB) = (1) + (2) £28.7bn

(4) Wider Economic Impacts (WEIs) £3.6bn

(5) Net Benefits incl WEIs = (3) + (4) £32.3bn

(6) Capital Costs £17.8bn

(7) Operating Costs £7.6bn

(8) Total Costs = (6) + (7) £25.5bn

(9) Revenues £15bn

(10) Indirect Taxes -£1.5bn

(11) Net Costs to Government (PVC) = (8) – (9) – (10) £11.9bn

(12) NATA BCR = (3)/(11) 2.4

(13) BCR with WEIs = (5)/(9) 2.7

Figure 4.3a Quantified costs and benefits of HS2 (PV 2009 discount year and prices)

4.3.3 Against these benefits, the costs of HS2 are substantial. Over the 60 years of an appraisal, costs 
would be around £25.5bn. The bulk of these are capital costs (£17.8bn). The remainder (about 30% 
of costs) are the net impact on operating costs, covering both HS2 trains and the classic network. 
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4.3.4 DfT considers the value for money of a scheme in terms of the value of benefits per pound of 
Government spending. The cost of the scheme is not the same as Government spending since 
increasing revenues on the rail network (worth £15bn) would partly offset the costs. Changes in 
indirect tax revenue also need to be accounted for here. HS2 would reduce these revenues by £1.5bn 
as a result of a reduction in the number of long distance car trips and treatment of VAT on rail fares. 
The net cost to Government would be £11.9bn.

4.3.5 The Benefit Cost Ratio (BCR) is the net benefits divided by this net cost to Government. On this basis 
the BCR of HS2 including Wider Economic Impacts would be 2.7. In other words for every £1 spent by 
Government, the scheme would deliver £2.70 in benefits (for completeness we also report the BCR 
excluding WEIs – which is 2.4). If we applied the range of construction costs outlined in paragraph 
4.1.14, the BCR (including Wider Economic Impacts) would lie within the range of 2.5 to 2.9.

4.3.6 This BCR considers only impacts for which there is a strong evidence base to convert them into 
monetary values. This includes financial costs and benefits and also impacts such as time savings and 
improvements to reliability. There is, however, a wide range of impacts, including many environmental 
impacts, that cannot be monetised and hence are not captured by the BCR. It is nonetheless important 
that these are given due weight. DfT has developed an approach which attempts to use what evidence 
exists to weigh the non-monetised impacts of a scheme against the BCR, and place the scheme into 
one of five categories – Very High, High, Medium, Low and Poor Value for Money. 

4.3.7 The most significant non-monetised costs are likely to be environmental, associated with the 
landscape and biodiversity impacts associated with the scheme. These are likely to be large, in part 
because of the scale of the scheme and therefore the amount of land affected, but also because the 
line of route crosses the Chiltern Hills. These impacts have been mitigated by planning tunnelling 
of the route in many places and by following transport corridors through much of the most sensitive 
areas (37% of the preferred route through the Chilterns). But a significant cost would remain. 
Noise impacts represent a further adverse impact. Other adverse impacts, for instance on water 
resources, are likely to be small by comparison. There would, on the other hand, be some beneficial 
impacts such as the prospect of regeneration around stations.

4.3.8 It is for DfT to advise on the balance of these costs and benefits. However, in our view, the non-
monetised impacts are unlikely to be large enough to change the conclusion that the scheme would 
deliver High VfM. 

 Summary and key recommendations

4.3.9 HS2 has a strong business case and would deliver significant benefits to transport users across 
much of the UK. Without considering non-monetised impacts, the scheme would clearly be High 
VfM. To change this assessment the non-monetised impacts would have to be equivalent to a 
disbenefit of over £8.5bn. In our view the non-monetised impacts are unlikely to be large enough 
to change the conclusion that the scheme would deliver High VfM. In other words, the net impact 
of the scheme would be to deliver benefits of at least £2 for every £1 of Government spending. 
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4.4 Testing our assumptions

4.4.1 The business case demonstrates that under our central assumptions HS2 would deliver strong 
benefits and a good overall business case. We have, as far as possible, sought to apply conservative 
assumptions in assessing the overall case for HS2. However the business case will inevitably be 
sensitive to some of those assumptions. This section considers how the business case would change 
under a series of alternative assumptions. 

Changing the forecast level of demand for long distance rail trips

4.4.2 The results of our central case appraisal are based on a standard forecasting approach in the rail 
industry, using the Passenger Demand Forecasting Handbook (PDFH). This forms the basis for our 
projections of the market from which HS2 would draw. The level of demand is a key sensitivity for 
the business case. Lower demand reduces the BCR by reducing both benefits and revenues (which 
increases costs to Government). However there is some uncertainty around the projections of 
demand using PDFH. In particular it assumes:

• Demand grows at a constant rate. There is a constant relationship with GDP – as people become 
richer, so they travel more. There is no assumption on when market saturation (or a slow down in 
the growth rates) may occur. 

• Very long distance travel demand can grow at very fast rates. 

4.4.3 We have been conservative in applying the standard forecast growth of background demand for rail 
travel. First we have capped the sensitivity of demand to increases in GDP. We have also capped 
forecast rail growth (assumed to be 3.3% a year) so that there is no growth beyond 2033. 
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4.4.4 Given the likely sensitivity of the business case to the level of rail demand, we have conducted 
sensitivity tests on these assumptions. The first sensitivity test considers what would happen if we 
were to reduce the rate of growth of demand – either through lower GDP growth or reducing the 
sensitivity of demand to GDP increases. 

4.4.5 Figure 4.4a shows how sensitive the business case is to the assumptions on the growth in 
background demand for rail travel. If growth is 25% slower than currently projected (i.e. 2.7% per 
annum instead of 3.6% per annum), the BCR for an opening year of 2026 (excluding Wider Economic 
Impacts) would drop below 1.5. 

4.4.6 As long as background demand growth continues, a lower rate of growth would raise questions 
about when rather than if the scheme would be value for money. It might suggest the scheme should 
open later than 2025, but there would still be a good business case at some point in the future. 

4.4.7 What is more significant is whether there will ever be sufficient demand to justify HS2. Our central 
case assumes demand will not grow beyond 2033, but we have looked at what would happen if 
market saturation occurred at a lower level of demand. We have investigated this by applying the cap 
at earlier years.
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Figure 4.4b Sensitivity of the BCR to variation in the year that growth levels are capped

4.4.8 Figure 4.4b shows what the BCR would be if growth in background demand were capped at 
various years up to 2033. It shows that to achieve a BCR above 1.5, background growth in demand 
must continue at current rates until at least 2027. This represents an increase of at least double 
today’s levels. 
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4.4.9 Both these sensitivity tests demonstrate that the business case will be dependent on realising the 
level of demand growth forecast in our central case. Overall a 10% reduction in demand on HS2 
would reduce the BCR (excluding Wider Economic Impacts) to 2 and a reduction of just over 20% 
would reduce it to below 1.5. 

 Changing the forecast level of demand on non-rail modes

4.4.10 Any number of impacts could lead to lower growth of air and road traffic. This would tend to reduce 
the potential market from which HS2 could draw. However the impact is likely to be small due to the 
composition of demand on HS2. Thus with 8% of HS2 passengers coming from road, a 10% reduction 
in road demand would result in less than a 1% reduction in demand on HS2. A similar figure would 
be true for air demand. 

 Changing the pricing on non-rail modes

4.4.11 Increasing the price of road travel (e.g. through road pricing) or air travel (e.g. through carbon 
pricing) is likely to strengthen the case for high speed rail. However, as above, this is likely to be 
a relatively marginal effect. For example a 10% increase in the price of fuel would correspond to 
around a 3% fall in traffic, with a corresponding increase of less than 1% in the level of demand on 
HS2. 

 A third runway at Heathrow Airport

4.4.12 A third runway at Heathrow is included in our central case. If this were not constructed, there might 
be additional demand for long distance rail trips as pricing and capacity constraints reduce the 
number of domestic air trips. DfT forecasts suggest that without a third runway, total air demand 
would fall by just under 7%. If domestic air demand saw the same reduction, and assuming all of 
these trips transferred to HS2 (which could not be guaranteed), this would increase HS2 demand by 
around 7%.

 Different fare assumptions

4.4.13 We modelled our central case on the basis of the same fares for high speed rail and classic rail 
users. We have also considered the scope for using premium fares on high speed services. The 
impacts of premium fares are many and complex. It is unlikely that a simple percentage premium 
could be applied across all routes. Instead there would need to be careful management of revenue 
strategies – similar to those already seen on long distance services – to maximise use of capacity. 

4.4.14 It is not possible at this stage of development to hypothesise the detailed nature of such a strategy. 
However the work we have done indicates there is some scope for premium fares. More work is 
needed in this area. However our preliminary conclusions are:

• The scope for premium fares is more pronounced in the business market than the more price 
sensitive leisure market. 
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• Small increases in fares may lead to a reduction in revenue, but larger increases may increase 
net revenue. This is because the first passengers priced off will tend to be new traffic generated 
by high speed rail (who drive new revenues). At higher fare levels passengers tend to switch to 
classic rail and so some rail fare revenue is maintained. 

• Competition is key. The availability of non-premium service alternatives would make a big 
difference to the scope to generate additional revenues through premium fares. 

• Pricing may be an effective tool to manage crowding problems. The demand model suggests 
there is strong demand and some crowding on certain routes – particularly those to Scotland. 
In the absence of a wider network (where more capacity could be provided), premium fares may 
offer a tool to manage the crowding levels on these services. 

4.4.15 All these conclusions point to the need for more detailed modelling of fares strategies, considering 
the different potential markets service patterns and peak/off-peak pricing potential. Our initial work 
has suggested that as much as 10% higher revenues might be achieved from premium fare policies. 

 Comparison with a classic line

4.4.16 We also examined, as an alternative, the case for a new line running at conventional speed. Our 
appraisal of a classic line was high level and based on analytical constructs; we applied generalised 
cost and journey time assumptions reflecting conventional speeds to our preferred route for the high 
speed line. If Government wished to proceed with a conventional speed line instead of a high speed 
line, much more work would be required on route options and design, including consideration of 
intermediate stations. 

 Design and costs

4.4.17 We used the same analytical principles, for example the service levels and station stops, to assess 
this alternative. The design criteria were also similar given we assumed that a new line would 
be built fully compliant with the Technical Specifications for Interoperability, as is current UK 
Government policy for all new lines. The main features to note are: 

• Maximum line speed of 200kph (rather than 400kph). 

• A typical gradient less than or equal to 2.5% and a maximum 3.5% for a passenger only service 
(the same as for a high speed line). This assumes that by the time of implementation modern 
trains would be able to perform to this level. Mixed use traffic would require shallower gradients 
potentially increasing the amount of tunnelling or viaducts. 

• The need for standard fencing rather than high grade security fencing. 

• Tunnels would be of smaller diameter (7.25m rather than 9m) reflecting the lower speed of 
classic trains.

• Less power would be required. However the specification of the system and likely number of 
connections to the National Grid would probably be the same as for the high speed line.
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• Station sizes would be the same as 400m trains would still need to be accommodated. 

• Conventional speeds normally require lower mitigation for noise and vibration. There would 
also be the potential for tighter radii curves which would avoid the need for tunnelling in a small 
number of instances. We estimated that potentially up to 4km of tunnel could be avoided where 
tunnelling would be undertaken on the high speed line in order to avoid SSSIs by curving the line 
away from the sites. Generally an optimal classic rail alignment would not differ substantially 
from a high speed alignment as the starting principles would still include the need to be straight 
and short. 

4.4.18 This revised design led us to conclude that the cost of constructing the scheme to conventional 
speed only might save about 9% of the costs of the high speed line. Figure 4.4c shows the main 
areas of cost difference. Given the cost of the classic-compatible trains would be much higher than 
conventional speed trains, a further cost saving would be expected. We assumed that operating and 
maintenance costs would be comparable. An overall cost saving of the order of £3bn would therefore 
be possible with a classic line. 

Item % Comments

Rail systems 80 Lower line speed, smaller track spacing, lower grade fencing 

Power 80 Reduced power supply, but fixed height catenary still required

Control systems 100 Specification unchanged

Stations 100 Specification unchanged

Earthworks 100 Unchanged as high speed alignment specified

Structures 90 Potential for some slight reduction in specification

Tunnels 80 Smaller tunnel diameters for lower speeds on same HS2 alignment

Figure 4.4c Estimated cost of a classic line alternative, as a percentage of HS2 costs

 Appraisal results

4.4.19 Travelling between London and Birmingham, following the same service pattern as the high speed 
preferred package, would take an extra 15 minutes, based on standard maximum speeds on the UK 
network and the acceleration performance of a standard reference train. This would halve the time 
saving from a high speed train. 

4.4.20 This would reduce the number of people travelling on the line by 20% causing overall benefits to fall 
by 23% or £6.7bn. Revenues would fall by around 19%, or £2.9bn, which means that while construction, 
operating and maintenance costs would fall by around £3.5bn (PV, 2009 prices), the net cost saving 
(i.e. revenues minus cost) would be around £1bn (PV). 
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4.4.21 So upgrading the line to high speed would have a relatively small net cost to Government, but 
would generate significant benefits (time savings) to passengers on HS2. As a result the classic line 
alternative would have a worse business case than HS2 and the incremental case for high speed is 
very strong. 

 Sustainability

4.4.22 There would be little difference in terms of the sustainability performance of the new classic line in 
comparison with HS2. The main differences would be that a new classic line would entail:

• Lower carbon emissions due to lower energy demands of slower speed trains.

• Greater flexibility to avoid sensitive features in more detailed scheme design owing to the smaller 
curve radius of a slower speed line.

• Lower noise impacts due to the lower operational speeds of the trains (estimated to affect some 
2,750 people compared with 4,000 or so for HS2 before mitigation). 

 Overall

4.4.23 The BCR of a new classic line (excluding Wider Economic Impacts) is estimated to be around 2. This 
compares to an equivalent BCR of 2.4 for HS2 as a whole. We concluded that the high speed line 
would have an additional cost of £3bn and would produce an extra £6.7bn worth of benefits and an 
additional £2.9bn of revenues. The incremental case for high speed is therefore very strong. 

 Summary and key recommendations

4.4.24 Our work shows that the business case for HS2 is dependent on reaching the level of demand 
growth forecast in our central case. If background demand was 25% lower than we have assumed, 
the BCR would fall below 1.5. There is likely to be scope for premium fares, though not through a 
simple application of a percentage premium across HS2 journeys. 

4.4.25 Whilst the alternative approach of building a new conventional speed line shows a positive business 
case, that case is significantly less than the case for HS2. 

4.4.26 We recommend that more is done, in particular, on the scope for premium fares. 
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