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1 – Abstract 
 

There has been significant debate surrounding the possible carbon neutrality, or lack thereof, that High 

Speed 2 (HS2) is capable of delivering.  A key sticking point has been found in the carbon analysis 

methods utilised by HS2 Ltd in building the business case for the project, with some results suggesting 

the line may not achieve neutrality inside its 120-year lifespan. This report covers an analysis into the 

modal shift opportunities and potential generated by HS2, with particular attention paid to the 

competition against aviation seen globally on medium distance intercity services. Three scenarios have 

been tested for this investigation, one in which nothing is built, one in which HS2 is built, and one in 

which a third runway is constructed at Heathrow to facilitate air passenger growth. As well as this a 

number of other variables have been assessed in order to create a clearer picture of the potential of 

the project, with population growth, green travel policy, and minor infrastructure advances all being 

incorporated into the analysis. The findings in this report have found that HS2 can become carbon 

neutral well before its end of life, while expansion of Heathrow consistently sees the worst emissions 

results across all cases. The line itself has been calculated to achieve neutrality against the do-nothing 

scenario in 72 years, implementing policy to dissuade domestic air travel dramatically improves this, 

reducing the time expected to just 41 years. This report does however feature a relatively narrow 

scope, only looking at the passenger demand changes directly onto HS2 services and ignoring the wider 

capacity relief that is provided. These figures are therefore likely to be worst case estimates, with 

carbon neutrality expected to be achieved within four decades of opening of phase 1 in 2033.  
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2 – Introduction 
 

High Speed Two (HS2) is the United Kingdom’s first long distance main line railway to be constructed 

since the 19th century. The project will see 531km of new high-speed, electrified railway line be built, 

connecting the cities of London, Birmingham, Manchester, Leeds, and many more through connections 

to existing ‘classic’ lines. The project promises to deliver a vast increase in the rail capacity across three 

main intercity lines into London, the West Coast Mainline, where capacity pressures are most acute and 

where the largest benefits will be seen, as well as the Midland Mainline and East Coast Mainline. It is 

hoped that, by offering a viable, clean, alternative travel method, carbon emissions originating from 

other travel modes between cities could be eliminated. However, the widely publicised Oakervee review 

(1) released in late 2019 raised concerns that, even after 120 years of operation, the carbon saved may 

not equal that produced in construction and operation, stating as follows. 

“On balance, taking into account both the construction and operation of HS2, it appears that 

HS2 is likely to be close to carbon neutral, though it is not clear whether overall HS2 is positive 

or negative for greenhouse gas emissions.” 

This casts strong doubts onto whether HS2 is needed in the rapidly changing world of today, with 

climate change being at the forefront of nearly every decision at government level. The climate 

emergency is very real, and everything needs to be done to bring climate emissions down as much as 

possible and as quickly as possible. This therefore raises the question of whether HS2 should be built 

at all, considering the estimated construction emissions of 8-14 million tonnes of carbon dioxide 

equivalent (CO2e, 1). However, it is well known that travel by rail, and especially electrified high-speed 

rail (HSR), is significantly less carbon intensive than either road or air travel, thus meaning that it could 

potentially reduce overall transport emissions. 

It must be first be noted the extent of the scope of this report, and specifically any factors that are 

being omitted. Most significantly, the wider capacity relief across the existing network, which is 

consistently shown to be at capacity (2, 3, 4, 5), is not covered. This will no doubt have a key role to 

play influencing transport carbon emissions, with the current network physically unable to handle a 

considerable passenger increase without major works (6, 7). There is no doubt that greater rail capacity 

is needed in order to reduce the emissions generated by transportation in the UK, the largest of any 

sector (8). HS2 has the potential to deliver this capacity increase, with the 2020 business case outlining 

a significant increase in the number of regional, local, and freight rail paths (9, pp26-27), thereby 

making rail a more attractive option over road travel and haulage. However, these impacts are 

extremely difficult to quantify without highly detailed and complex computer modelling of transport 

patterns. By extension, the potential carbon savings from these are also very difficult to quantify and 

have thus been deemed to be beyond the scope of this report. This means that the carbon estimates 

provided here are likely to underestimate the overall reduction in greenhouse gas emissions from 

capacity release once long distance high-speed (LDHS) trains are removed from the network. 

This report will instead look at the new passenger travel patterns directly influenced by the construction 

of HS2, and the significant competition it will bring against domestic aviation in the UK. It has been 

consistently shown that HSR travel provides an extremely viable option for medium distance intercity 

travel against air (10). While flight time may be shorter, inconveniences in air travel such as check in, 

movement through the terminal, and travel to and from the airports themselves all notably increase 

travel time. This means that door to door journey times are comparable on routes of around 500-1000 

km, with HSR likely to provide quicker overall journey times for distances less than this.  

This report aims to analyse the possible carbon emissions generated by modal shift from both air and 

road travel due to the decrease in rail journey times bought along by HS2. In doing this it will aim to 

address some of the spurious assumptions and methods utilised in calculating both the forecasted 

demand and carbon emissions of HS2, more detail is provided in the companion piece produced as part 

of this assessment (11). 
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This report will look at seven routes offered by HS2, five from London and two from Birmingham, all of 

which are among the longest that are to be operated, each listed below, along with the straight-line 

distances from city centre to city centre, rounded to the nearest five kilometres.  

• London to Edinburgh  535km 

• London to Glasgow  555km 

• London to Leeds  270km 

• London to Manchester  260km 

• London to Newcastle  400km 

• Birmingham to Edinburgh 395km 

• Birmingham to Glasgow  405km 

Analysis will cover the current market share, between air and rail, and look at the likely market share 

once HS2 has opened and shorter journey times have been provided, which will then be used to 

calculate the overall carbon footprints. Comparison will be made through three different scenarios, the 

first being a do-nothing approach, where no new infrastructure is built, and existing capacity is 

maximised, as well as the increase in road traffic as a by-product. The second covers the option of 

constructing a third runway at Heathrow airport, allowing growth of domestic flights from London to 

continue unconstrained by existing capacity pressures. The final scenario covers the effect that 

construction of HS2 would have, in reducing both the number of domestic flights and car journeys.  

The report will aim to account for a number of factors affecting these figures, including population 

growth, improving carbon efficiencies of different travel modes, as well as the changing face of overall 

electricity generation. Additionally, alongside these scenarios, a number of other effects have also been 

implemented, covering possible government policy on green travel, and minor improvements to journey 

times along specific routes. This should therefore enable a reasonable level of accuracy in the 

estimations of the carbon footprints of each option and provide a reliable estimate as to when HS2 will 

become carbon neutral. 
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3 – Literature, its Usage, and Assumptions 
 

In this part of the report the literature utilised in the analysis and reporting will be discussed, as well 

as any of the assumptions made during this process. In making a study forecasting carbon emissions 

an extensive number of factors must be accounted for. First, understanding changes in travel demand 

is essential to estimate the scale of its effect, and is influenced by a number of ways, namely population 

growth, journey times, and capacity constraints. Changes in carbon outputs must also be considered, 

with literature covering the carbon intensities of each mode, as well as the efficiency improvements 

likely to be made.  

 

3.1 – Population Growth 
 

Population growth data has been collected from the Office for National Statistics (ONS), utilising the 

principal projection model (12). This sees the UK population rising above 70 million in 2031, reaching 

73.6 million in 2050, and just shy of 80 million by 2100. The model assumes a steady rate of growth, 

in large part due to inward migration, growth however slows throughout the century as birth rates 

continue to fall. The effect of this growth has also been studied through analysis of a zero-population 

growth scenario, of particular relevance in the current climate following a strong outward migration 

from the UK due to the Covid-19 pandemic. 

 

3.2 – Air Passengers 
 

Information on air passenger numbers in 2019 between each city pair has been found using data 

provided by the Civil Aviation Authority (13). This has been modelled to increase linearly with 

population, with the caveat that runway capacity in London will be fully utilised by 2030, as forecasted 

by the Department for Transport (14, p102). This model caps domestic air passengers on routes at 

2030 levels, with the extra demand being pushed onto roads, unless a third runway is built at Heathrow, 

allowing unconstrained growth. 

 

3.3 – Rail Passengers 
 

The number of rail passengers has been calculated using Equation 1, developed by Jorritsma (15), 

where ‘s’ is the rail market share and ‘t’ is the rail journey time, provided by HS2 Ltd’s journey time 

improvement calculator (16).  

𝑆 =
1

0.031 × 1.016𝑡 + 1
 

Equation 1 
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Figure 1: The graphical relationship between rail journey time and market share, described in Equation 1. 

 

This enables an estimated rail market share to be found, which, when combined with air passenger 

data covered above, can then be used to find the total number of air and rail passengers for each city 

pair. Similar to air passengers, this is assumed to increase linearly with population, however, contrasting 

this, rail travel can operate with a degree of overcrowding, and thus has been modelled to be 

unconstrained. This would likely prove to be an overestimate, as overcrowding would certainly 

discourage a proportion of travellers away from rail travel, especially on the LDHS routes covered in 

this report. This would mean an increase in road traffic, thereby causing the do-nothing scenario, 

explained in Section 2, to be again possibly underestimate carbon emissions.  

 

3.4 – Carbon Conversion Factors 
 

Carbon intensities for each travel mode have principally been taken from the DEFRA conversion factor 

spreadsheet (17), giving CO2 equivalent emissions (CO2e) per passenger kilometre. 

 

3.5 – Aviation Efficiency 
 

Improvements in efficiency of aircraft have been made using data collated by Kharina and Rutherford 

(18), which has then been extrapolated across the years covered in this work. A constant rate of 

improvement of fuel efficiency has been assumed, based on the rate seen between 2000 and 2015, 

seeing a rate of improvement of 0.317% annually (improving from indices of 63 to 60, where 1968 = 

100). Factoring population growth and provision of sufficient airport capacity, this means total future 

aircraft emissions are likely to remain fairly similar to today’s levels. This broadly aligns with the 

International Civil Aviation Organisation’s (ICAO) report on aviation environmental trends (19), which 

suggests that traffic increases have, and will continue to cancel out efficiency improvements. 
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3.6 – Grid Decarbonisation 
 

The estimations made in this work have been based on the UK government target to achieve net zero 

emissions nationally by 2050 (20), with carbon intensity per kilowatt-hour estimated to fall linearly from 

current levels to this date. This enables both electrified HSR, as well as future electric road vehicles to 

operate entirely carbon free beyond this date. 

 

3.7 – Adoption of Electric Personal Vehicles 
 

This has been estimated primarily from the UK government target to outlaw sale of new petrol and 

diesel cars by 2030 (21), alongside a standard vehicle replacement time of ten years. The electric 

vehicle market share estimation can be seen in Table 1 below, seeing a linear increase from 10 to 90% 

between 2030 and 2040, with effectively all cars being fully electric by 2050. 

 

Table 1: Estimated electric car adoption as a proportion of the overall market. 

Year % Year % Year % 

2020 1 2031 18 2041 91 

2021 1.5 2032 26 2042 92 

2022 2 2033 34 2043 93 

2023 3 2034 42 2044 94 

2024 4 2035 50 2045 95 

2025 5 2036 58 2046 96 

2026 6 2037 66 2047 97 

2027 7 2038 74 2048 98 

2028 8 2039 82 2049 99 

2029 9 2040 90 2050 99.9 

2030 10     

 

 

3.8 – Car Occupancy 
 

To measure the passenger kilometre carbon intensity of cars, an average occupancy must be 

incorporated, found to be 1.6 according to government data accounting for all travel purposes (22). 

 

3.9 – Embedded Carbon 
 

Finally, carbon emissions associated with the construction of infrastructure must also be included. AMEC 

Environment and Infrastructure estimate the total emissions related to construction of Heathrow 

Airport’s third runway and all associated works at 3.6 million tonnes (23), applied on opening, in this 

model listed as 2030. Data from the Oakervee review has been used for HS2 construction carbon 

emissions, with a total of 11 million tonnes being estimated, the central value in the range predicted in 

the document. This has been split by phase, with the 7.5 million tonnes from environmental reports for 

phases 1 and 2a (24, 25), applied on opening in 2033, and the remaining 3.5 million tonnes applied on 

opening of phase 2b in 2040.  
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4 – Methodology and Findings 
 

4.1 – Methodology 
 

The first stage of the analysis involved calculation of the current passenger numbers on the seven 

identified routes for air and rail and can be seen in Table 2 below. Using Equation 1, and combining 

with the air passenger numbers, both rail and by extension total passenger numbers can be found. 

 

Table 2: Passenger number and market shares for each route based on current data. 

Route Annual air 

pax 

(thousands) 

Current rail 

journey time 

(mins) 

Estimated 

current rail 

market 
share 

Annual rail 

pax 

(thousands) 

Total annual 

pax 

(thousands) 

London – 
Edinburgh 

(LE) 

3373 259 34.6% 1783 5156 

London – 
Glasgow (LG) 

2306 269 31.1% 1040 3346 

London – 

Leeds (LL) 

100 133 79.6% 391 491 

London – 

Manchester 

(LM) 

560 125 81.6% 2484 3044 

London – 

Newcastle 

(LN) 

465 169 68.8% 1026 1491 

Birmingham – 

Edinburgh 
(BE) 

266 243 40.5% 194 447 

Birmingham – 

Glasgow (BG) 

230 240 41.7% 200 394 

 

Following this, the estimated rail market share following the introduction of HS2 services has been 

calculated, seen in Table 3, calculated using the improved rail journey times from HS2 Ltd. 

 

Table 3: Rail journey time and estimated market share following construction of HS2. 

Route HS2 rail journey time 
(mins) 

Estimated HS2 rail 
market share 

Increase in market 
share 

LE 228 46.4% 11.8% 

LG 220 49.5% 18.4% 

LL 81 89.9% 10.3% 

LM 71 91.3% 9.7% 

LN 137 78.6% 9.8% 

BE 194 59.7% 19.2% 

BG 200 57.4% 15.7% 
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The next stage of the analysis involved calculating the changes in travel demand over time for each 

mode for each relevant scenario. Passenger demand has been provided on the following aspects. 

• Total market for travel. 

• Do-nothing rail passenger demand. 

• Rail passenger demand following construction of HS2. 

• Do-nothing air passenger demand. 

• Air passenger demand following construction of the Heathrow third runway. 

• Air passenger demand following construction of HS2. 

• Increased road demand due to air capacity constraints in the do-nothing scenario. 

• Decreased road demand due preference of HS2 construction providing faster journeys. 

The last section has been calculated cumulatively for passenger kilometres saved across all of the 

routes, with three figures suggested for the modal shift from road to rail once HS2 opens. These are 

3%, from the 2013 phase 1 hybrid bill (26, p113), 8%, from the 2010 proposal (27, p162), and 5%, 

an average value that aligns closely to real-world findings (28). Following this, the annual overall 

passenger kilometres for each mode are then calculated using the straight-line distances provided in 

Section 1 of this report for each travel mode in each case.  

Carbon intensity per passenger kilometre is then addressed, starting with the conversion values 

provided in the DEFRA guidance (17), and are listed in Table 4 below. A value of 8 gCO2e/pax km has 

been used for rail travel, as opposed to 6 in the guidelines, as this is the value given by HS2 Ltd in the 

2013 hybrid bill (26), providing a conservative estimate for the carbon intensity for this mode. The 

averaged carbon intensities for each mode are then calculated for the full time period covered in this 

report, adjusting for the assumptions described in sections 3.4 through to 3.8.  

 

Table 4: 2020 Carbon intensity per passenger kilometre for each transport mode. 

Travel Mode gCO2e/pax km 

Plane 255 

Petrol car 113.1 

Electric car 34.4 

Rail 8 

 

The total annual equivalent carbon emissions are then calculated for each mode and case over the full 

range of years, multiplying the passenger kilometres forecasted with the analogous carbon intensity. 

The sum of each of the relevant values for each case is then found and added to a running total of the 

overall carbon footprint for each scenario. A number of different policies and adjustments have been 

made to enable analysis on a series of possible outcomes based on future decision making, as well as 

provide an added layer of reliability. The adjustments are as follows. 

1) General case – No adjustments to the current real-life situation. 

2) No population growth. 

3) Matching current fastest Preston to Scotland journey times – This sees a reduction in time for 

all routes to Edinburgh by three minutes (29), and all routes to Glasgow by eight minutes (30). 

4) Improving these times by a further ten minutes – Through infrastructure improvements along 

the northern end of the West Coast Mainline. 

5) Increasing the cost of domestic plane travel by 5% - Achieved through an increase in air 

passenger duty, with effects on passenger numbers modelled utilising a price elasticity of 

demand of -0.5 (31). 

6) Combining adjustments 3 and 5. 

7) Combining adjustments 4 and 5. 
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4.2 – Tabulated Results 
 

Table 5: Time taken for HS2 to become carbon neutral from modal shift. 

Case Neutral against do-nothing Neutral against Heathrow expansion 

Year Years to Achieve Year Years to Achieve 

1 2105 72 2066 33 

2 2087 54 2070 37 

3 2091 58 2063 30 

4 2077 44 2058 25 

5 2078 45 2058 25 

6 2074 41 2056 23 

7 2067 34 2053 20 

 

4.3 – Graphical Results 
 

For the following graphs showing the cumulative equivalent carbon emissions for each case, blue 

represents construction of HS2, red represents expansion of Heathrow airport to facilitate the growth 

in air passengers, and green represents the do-nothing scenario with no infrastructure works. 

 

 

Figure 2: Case 1 Cumulative equivalent carbon emissions for each scenario. 
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Figure 3: Case 2 Cumulative equivalent carbon emissions for each scenario. 

 

 

Figure 4: Case 3 Cumulative equivalent carbon emissions for each scenario. 
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Figure 5: Case 4 Cumulative equivalent carbon emissions for each scenario. 

 

 

Figure 6: Case 5 Cumulative equivalent carbon emissions for each scenario. 
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Figure 7: Case 6 Cumulative equivalent carbon emissions for each scenario. 

 

 

Figure 8: Case 7 Cumulative equivalent carbon emissions for each scenario. 
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5 – Conclusions 
 

Overall, it can be seen that in all cases analysed HS2 does achieve carbon neutrality against the 

reference scenarios well before its projected 120-year lifespan. Even when considered against the do-

nothing scenario, in which there are no carbon producing infrastructure works, the efficiency of HSR 

still means that this deficit is overcome, with the worst case suggesting it would take 70-75 years to 

achieve neutrality. 

It must again be highlighted that this analysis only concerns the potential carbon savings generated by 

a modal shift directly onto HS2 services and does not cover the major enhancement to local and regional 

services that it will also facilitate. This would enable an increased number of shorter distance journeys 

to be taken, permitting a shift away from road travel for these trip types, only accelerating the carbon 

savings. This is especially important in the first years of operation, while a significant proportion of 

privately owned vehicles will still be powered by petrol or diesel.  

The capacity released also has implications for logistics, as similarly to personal travel, more space can 

be allocated to freight on the network, allowing a considerable increase in the amount of goods that 

can be carried by rail. This has been demonstrated in analysis by government onto the existing acute 

capacity pressures seen on the West Coast Mainline (7), finding that the opening of phase 1 alone 

would enable an additional 20 to 40 freight paths between London and Rugby. Assuming the below 

characteristics of rail freight and road haulage, a total of 206,000 tonnes of carbon is removed annually 

by the enhancement in freight services using the released capacity, equating to around a fifth of the 

annual emissions considered in this analysis. 

• A standard 775m intermodal freight train removes 76 lorries from the roads (32), with 20 extra 

services daily. 

• An HGV carbon intensity of 1.10 KgCO2e / km, assuming it is fully laden. 

• Driving at an average 75kph for the maximum 9-hour daily journey (33), including return, for 

a one-way distance of 337.5km. 

This combination of indirect enhancements mean that both the do-nothing and Heathrow expansion 

scenarios are likely to fair considerably worse against the modelled emissions shown here for 

construction of HS2. Therefore, the figures here are likely to notably underestimate carbon emissions 

for the two reference scenarios while simultaneously overestimating that for HS2, meaning results 

generated in this analysis are determined to represent worst case situations.  

It should come as no surprise that expansion of Heathrow to facilitate air passenger growth consistently 

performs the worst environmentally, with aviation emissions always being the largest single contributor 

to emissions in this analysis. It is therefore absolutely essential to reduce the number of journeys taken 

by plane, by providing capacity on the railways through the construction of LDHS rail links between 

major population centres. This is especially critical on the path towards achieving carbon free mobility 

as, in a 2018 study by Transport and Environment, aviation is seen as one of the most difficult forms 

of transport to decarbonise (34). 

Due to the inordinate impact of aviation on the transport industry, policies and decisions must be 

implemented in order to reduce the number of journeys taken by plane, especially if the trip can easily 

be taken by a cleaner mode. A number of different measures have been modelled to see the effect 

they have on carbon emissions, one of which being an increase in air passenger duty on domestic 

flights. Due to the high elasticity of domestic flights, any increase in ticket price leads to a reduction in 

demand of double the magnitude. This simple economic mechanism can easily be implemented to 

encourage use of HS2 services, reducing the time required to achieve carbon neutrality by 27 years 

against do-nothing, and 8 years against Heathrow expansion.  

As well as this, noting the large volume of domestic air passengers travelling to Edinburgh and Glasgow, 

improving journey times to Scotland has also been assessed. By simply improving the journey time 
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between Preston and Scotland, sections where already existing infrastructure will be used, to match 

the current best times, carbon neutrality can be achieved 14 and 3 years earlier in comparison to each 

reference scenario. Completing infrastructure improvements in order to improve times by a further ten 

minutes mean carbon neutrality can be reduced by a further 14 and 5 years respectively.  

As has been seen throughout this report, HS2 is all but ensured to achieve carbon neutrality, no matter 

what factors influence it. In order to maximise its carbon saving benefits, as well as acknowledging the 

ever-mounting scale of the climate crisis, it is absolutely essential to not only build the line as soon as 

possible but also do everything to encourage its usage as much as possible. As a realistic indication to 

what end of how this can be achieved, the sixth case in analysis is the forecast selected as the primary 

dataset by which to judge when carbon neutrality will be achieved. This case discourages domestic air 

travel through price increases and facilitates further modal shift by improving Anglo-Scottish journey 

times to the current bests. This scenario, which could realistically and easily be implemented sees 

construction of HS2 become carbon neutral against Heathrow expansion no later than 23 years and, 

most critically, against doing nothing in no later than 43 years. 
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