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managing a portfolio of infrastructure projects or policies when the probabilities of different 
future events or states of the world are unknown, laid out in Table 2. 

Table 2: The Commission's uncertainty classifications 
Classification Detail 

Robust Investments that perform acceptably well across a wide range offuture 
investment scenarios 

Strategic bet Investments that perform well in a small number of scenarios and so 
may not pay off, but when they do the payoff is very significant 

Hedge Investments that pay off in scenarios where other investment, projects 
or policies would perform poorly 

The Commission has also identified a series of investments that will only be necessary in some 
future scenarios. These investments are part of the 1uncertainty and adaptive pathways' spend 
line in the fiscal remit. These are fully costed and affordable but should not be committed to 
until more is known about whether they are required. This includes investments if the world 
warms more than expected, if decarbonising the economy requires more intervention than 
planned, or if committed infrastructure projects overspend. This uncertainty and adaptive 
spending complements the core spending recommendations within the fiscal remit, ensuring 
overall public investment via the fiscal budget is robust to uncertainty. 

Each sector's impact and costing note sees the Commission review these factors in a standard 
format for the energy, transport, digital and waste sectors. Numbers presented here are 
rounded to nearest 100 million or 10 million for figures below 100 million. Each is broken down 
into seven sections: 

Section 1: Assessment recommendations and outcomes 
Section 2: Contribution towards the Commission's objectives 
Section 3: Impact on the Commission's fiscal remit 
Section 4: Impact on the Commission's economic remit 
Section 5: Environmental impacts 
Section 6: Distributional impacts 
Section 7: Uncertainty 
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Section 2: Contribution towards the Commission1 s 
objectives 
This section explains how the Commission's energy recommendations contribute towards its 
four objectives. 

Support sustainable economic growth across all regions 

The Commission's energy recommendations are likely to have a positive contribution to this 
objective. Recommendations are expected to substantially reduce spending on energy by 
households and businesses, driven by the supply of electricity via low carbon sources. 

For businesses, lower energy input costs likely increase the efficiency of businesses. This direct 
boost to productivity can in turn facilitate further investments elsewhere in the economy, such 
as in new assets or to upgrade capital. For households, lower energy bills mean more 
disposable income and such a boost to spending power can be expected to increase 
consumption and raise living standards. 

It is likely that there will be local economic benefits across the country following the 
development of key sites for carbon capture and storage and hydrogen. In focusing on 
developing major industrial hubs first, there will be specific regional benefits to support 
existing industries and to encourage new industry into areas which have seen decline or are 
underperforming, such as north east Scotland, the north east and north west of England and 
Wales. 

Improve competitiveness 

The Commission's energy recommendations are likely to have a positive contribution to this 
objective. Recommendations promoting support for the scale up of new forms of low carbon 
generation and heating technologies will increase competition with domestic energy markets. 
Increased competition typically reduces the cost of doing business, reducing the costs for new 
entrants as well as for incumbents. The role of infrastructure in providing access to 
decarbonised electricity, hydrogen and carbon capture and storage will allow UI< firms to 
capture market share in global low carbon supply chains, and these technologies have the 
potential to become price competitive in the medium term. 

The recommendations also lower bills and improve the stability of prices, which increases the 
ability of UI< services and manufacturing to stay internationally competitive. 

Improve quality of life 

The Commission's energy recommendations are likely to have a positive contribution to this 
objective. Electric heating and renewable energy generation will improve air quality in homes. 
Making homes more energy efficient reduces the energy demanded to heat them, improving 
comfort as well as making energy bills more affordable. 

Table 3 summarises the most significant impacts of the Commission's energy 
recommendations by domain as outlined in Table 1. The largest impacts are likely to be on 
health and affordability. 
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Table 3: Summary of quality of life impacts by domain 

Domain Summary of impacts 
The Commission's energy recommendations are likely to have strongly 
positive impacts through improvements in air quality and the energy 
efficiency of homes, improving heat retention in cold periods. 

Replacing gas boilers is directly beneficial for local air quality, particularly 
Health in winter, reducing both nitrogen oxides and particulate matter 

emissions.12 

Phasing out fossil fuel electricity generation (unabated gas) will have a 
beneficial impact on air quality as combustion of these fuels releases a 
number of gaseous and particulate air pollutants.13 

The Commission's recommendations on planning for Nationally 
Significant Infrastructure Projects will ensure that projects which fall into 
this category have clear upfront standards to meet to ensure their 
impact on the natural and built environment is appropriately and 
strategically mitigated. This will provide communities with clarity on how 
the impact of large schemes will be managed. This means any negative 
impacts from building new energy infrastructure as a result of 

Local and natural recommendations should be mitigated. 

surroundings Energy infrastructure can intrude on local and natural surroundings 
though their visual impact can be mitigated.14 Pipes and cables can be 
rerouted underground15, although electricity transmission pylons, 
onshore wind turbines and solar farms are notable exceptions. There will 
be local impacts from recommendations that require building new 
assets, such as new generation plants, and there may be temporary road 
disruption from any changes to the gas network (which could also 
impact connectivity via the road network). 

The Commission's energy recommendations are unlikely to materially 
affect physical or digital connections. Network reliability may improve as 

Connectivity energy system investment supports the increase in and nationwide 
availability of the number of public electric charge points for electric 
vehicles. 

Households that spend a larger proportion of their income on energy 
could stand to benefit the most. The Commission recommends financial 
support for those on lower incomes and those living in social housing to 
improve energy efficiency and instal heat pumps or to connect to a heat 
network. This should lower their upfront and running costs of switching 

Affordability 
to electrified heating. 

The Commission's recommended package of support via subsidies and 
zero per cent financing for heat pumps and energy efficiency 
installations supports all households in making the transition to low 
carbon heating more affordable. These measures lower the proportion 
of income spent on energy by households in the future, as detailed in 
Section 4. 

12 The Royal Society (2021), Effects of Net Zero Policies and Climate Change on Air Quality. D. 62 
13 The Royal Society (2021), Effects of Net Zero Policies and Climate Change on Air Quality 
14 National Grid (2017), Visual Impact Provision; National Grid (2017) Annex to Visual Impact Provision Policy 
15 Geospatial Commission (2023). National Underground Asset Register (NUAR) 

9 

https://royalsociety.org/-/media/policy/projects/air-quality/air-quality-and-climate-change-report.pdf
https://royalsociety.org/-/media/policy/projects/air-quality/air-quality-and-climate-change-report.pdf
https://www.nationalgrid.com/electricity-transmission/document/144321/download
https://www.nationalgrid.com/electricity-transmission/document/146186/download
https://www.gov.uk/guidance/national-underground-asset-register-nuar


 

Switching to a heat pump will maintain comfort levels in heating. 
Increasing insulation will also improve comfort levels and reduce heating 
costs as less energy is needed to heat rooms.16 

Many households and businesses will face some level of inconvenience 
to install new heating technologies, as 88 per cent of English homes are 
reliant on natural gas for heating.17 Interventions required will vary by 
property, depending on property characteristics and the type of heating 

Comfort and 
appliance installed.18 

The installation requirements of a heat pump would only apply for the 
convenience 

initial installation, as these are one off costs and hassle. Replacing a heat 
pump, which has a similar lifetime to a gas boiler, is fast and 
straightforward. 

Recent survey evidence19 suggests that views on the relative disruptions 
of heat pumps and hydrogen as a low carbon alternative may not be that 
different, especially once factors such as provision of networks and 
coordination of a simultaneous switchover of local areas to hydrogen are 
factored in. 

The Commission's recommendations propose significant investment in 
generation and new networks. This will lead to an increase in 
construction employment to build, upgrade and repurpose the 
electricity, natural gas, hydrogen and carbon capture networks. 
Opportunities in these sectors exist both in local industrial clusters and 
nationwide to link sites up from Grangemouth to South Wales and to 

Employment Southampton. 

To decarbonise the buildings sector more installers will be needed due 
to the scale and pace of roll out of heat pumps recommended. Some 
estimate that the number of trained heat pump engineers will need to 
increase nine-fold to meet government's 2028 target.20 This will increase 
employment opportunities across all regions, in both urban and rural 
areas, as the roll out is nationwide. 

Support climate resilience and the transition to net zero carbon emissions by 2050 

The Commission's energy recommendations have a strongly positive contribution to this 
objective. Around 80 per cent of the Ul<'s energy demand is currently met by fossil fuels. 21 The 
recommendations minimise unabated gas use in the economy - predominantly in electricity 
generation and heating buildings - and significantly reduce carbon emissions. Taking the 
recommended actions will support the UK in meeting its legally binding climate targets. 

16 Energy Saving Trust (2022), In-depth guide to heat pumps 
17 Department for Levelling Up, Housing and Communities (2022), English Housing Survey Report. 2020-21 , p. 14 
18 National Infrastructure Commission (2023), Technical annex: hydrogen heating 
19 Thomas, Pidgeon and Henwood (2023), Hydrogen. a less disruptive pathway for domestic heat? Exploratory findings from public 
perceptions research 
20 Nesta (2022). How to scale a highly skilled heat pump industry 
21 Department for Energy Security and Net Zero (2023), Digest of UK Energy Statistics 
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Section 4: Impact on the Commission1 s economic remit 
The energy recommendations in the Assessment will have an impact on the economic remit 
through consumer bills, expenditure on heat infrastructure and public sector resource 
expenditure. Households and businesses pay to use energy infrastructure and services through 
energy bills and in the cost of in-home equipment to heat their homes, such as heat pumps, 
boilers and energy efficiency measures. The public sector incurs resource costs both to cover 
energy bills for its own estate and in delivering certain government policies. A recent example 
of this type of cost is the 2022/23 Energy Price Guarantee which supported all households with 
their energy bills at a time of rising gas prices. 

Going forward resource costs will include the cost of the Commission's recommendation to 
provide zero per cent financing to households and small businesses for loans to purchase low 
carbon heat appliances and install energy efficiency measures. It will also cover the cost to 
government of taking on some of the risk of developing new networks and the 
recommendation that the policy costs of electricity should be paid for through taxation rather 
than bills. 

In summary, the trajectory of energy expenditure by households is estimated to fall between 
2022 and 2054. Gas and electricity prices fall from their 2022 peak and electricity prices 
continue to fall through to the 2040s. A switch to electrified forms of heating lowers bills for 
households. These bill reductions are slightly offset by increased investment in the heat 
infrastructure required to decarbonise homes. Business spending on energy infrastructure will 
remain broadly similar over the period. Decarbonising the industrial sector requires switching 
from fossil fuels to a mix of electricity, hydrogen and fossil fuels abated with carbon capture 
and storage, and large industrial users will pay to use these new networks. Public sector 
resource costs are likely to fall driven by the removal of the Energy Price Guarantee in 2023, but 
some of this fall will be offset by the added cost of taking policy costs off the electricity price. 

Costs to households and businesses 

Under the Commission's recommendations, total household expenditure on energy is 
estimated to halve between 2022 and 2054 from around £2,200 per average household to less 
than £1,400 in the 2030s and remain around this lower level until 2054, as shown in Table 5.a. 
Within this expenditure, the proportion spent on electricity and gas bills falls to around two 
thirds of the total while investment in heat infrastructure, such as heat pumps, increases. 

Table 5.a: Economic remit impact, average annual energy expenditure per household 
(£ h h Id 2022 . 2025 2054) • • 

Category 
2022 

2025-29 2030-34 2035-39 2040-44 2045-49 2050-54 
comparator 

Households 2,240 
1,320- 1,120- 1,170- 1, 100- 910- 950-
1,790 1,410 1,430 1,350 1,120 1,160 

Electricity 
1,000 

420- 340- 310- 280- 230- 200-
bill 570 430 380 350 280 240 

Heat bill 950 
630- 510- 460- 410- 380- 370-
890 650 560 500 470 450 

Heat capital 
290 

270- 270- 400- 410- 300- 380-
costs 330 330 490 500 370 470 

Historically a unit of electricity has been more expensive than a unit of gas. The Commission's 
recommendations support price parity between a heat pump and a gas boiler being achieved 
on a lifetime basis. Households will go from spending on both gas and electricity to solely using 
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Table 5.c: Economic remit impact, average annual expenditure by the public sector 
(£ ·ir 2022 . 2025 2054) • 

Category 
2022 2025-29 2030-34 2035-39 2040-44 2045-49 2050-54 

comparator 

Total government 
23,300 

12,400- 11, 900- 5,300- 3,000- 2,600- 2,300-
energy expenditure 12,300 14,500 6,500 3,700 3,200 2,800 

Government energy 
2,500 

1,700- 1,600- 1,800- 1, 900- 1,800- 1,800-
bill 2,300 2,000 2,200 2,300 2,200 2,100 

Government 
10,600- 10,200- 3,600- 1,200- 800- 600-

resource spend on 20,800 
policy 

13,000 12,500 4,400 1,400 900 700 
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Section 5: Environmental impacts 
The Commission measures the environmental impact of its recommendations across three 
environmental domains: air pollution, biodiversity and water quality. These are three of the 
themes in the government's 25 year environment plan 22 relevant to the Commission's 
recommendations. The impact of the energy recommendations on these domains is 
summarised in Table 6. 

In addition, the Commission measures the carbon impact of its recommendations. This 
includes carbon embodied in the construction of infrastructure as well as operational carbon 
emissions. 

T bl 6 E t I t f th • d r 
Environmental . . . 
- t Contribution to net gain 1mpac 

Air pollution 

The Commission expects beneficial outcomes for air quality, with 
reductions in emissions of nitrogen oxides and particulate matter 
expected from a significant reduction in the use of unabated gas for 
electricity generation, heating buildings and in powering industry. 

Hydrogen combustion will still generate certain emissions (nitrogen 
oxides in particular) but will not generate any particulate matter 
emissions.23 Combustion of hydrogen (for generation and industry) will 
be on a smaller scale than today's combustion of natural gas (for 
generation, heating and industry) so an overall reduction in air pollution 
is very likely.24 

22 Department for Environment, Food and Rural Affairs (2023), 25 Year Environment Plan 
23 Mcl<insey (2021), How hydrogen combustion engines can contribute to zero emissions 
24 National Infrastructure Commission (2023), Technical annex hydrogen heating: Aurora Energy Research (2023), The impact of 
decarbonizing heating on the power system (C) 

15 

https://www.gov.uk/government/publications/25-year-environment-plan/25-year-environment-plan-our-targets-at-a-glance
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-hydrogen-combustion-engines-can-contribute-to-zero-emissions
https://nic.org.uk/app/uploads/Technical-annex-hydrogen-heating.pdf
https://nic.org.uk/app/uploads/Aurora-Impact-of-decarbonising-heating-on-power-sector-C.pdf
https://nic.org.uk/app/uploads/Aurora-Impact-of-decarbonising-heating-on-power-sector-C.pdf


Environmental . . . 
- t Contribution to net gain 1mpac 

Water quality 

The move to increasingly renewable generation will reduce the amount 
of water required for steam-driven turbines and cooling. 25 There will still 
be water demand from hydropower and future thermal generation 
(hydrogen or gas with carbon capture and storage), but there will be a 
gradual decline from today's level of thermal generation.26 The majority 
of this water is also returned to the environment.27 

Hydrogen production uses water, with the demands of green hydrogen 
more significant28 and the Commission expects this will become the 
dominant hydrogen production technology. Risks of reduced 
freshwater availability in the future could be mitigated by using 
desalinated seawater.29 Water demand by households would increase if 
hydrogen were used to heat homes, though the Commission 
recommends that hydrogen heating is not supported. 30 There is 
considerable uncertainty in the volume of hydrogen that will be used in 
electricity generation and by industry and therefore how much water 
will be needed. The UK lacks a definitive dataset detailing the exact 
cooling method and water source of all thermoelectric power stations 
and future generation processes and quantitative estimates have not 
been included in the Commission's analysis. 

To mitigate adverse effects, an environmental permit is required where 
electricity generation activity could pollute the air or water, increase 
flood risk or adversely impact land drainage. Prior to construction new 
generation facilities must also undertake an environmental impact 
assessment. In retiring old generation infrastructure, the potential to 
repurpose current gas generation sites would also further reduce the 
local impacts, as access to water would already be in place. 

25 Water is abstracted for cooling at 82 per cent of thermoelectric power stations in the UK. Byers, Hall and Amezaga (2014), Electricity 
generation and cooling water use: UK pathways to 2050, p. 18 
26 Aurora Energy Research (2023), The impact of decarbonizing heating on the power system (C) 
27 Environment Agency (2012), Water use and electricity generation 
28 Climate Change Committee (2023), Delivering a reliable decarbonised power system. p. 18 
29 Climate Change Committee (2023).The Sixth Carbon Budget - Electricity Generation, p. 33 
30 National Infrastructure Commission (2023), Technical annex: hydrogen heating 
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Environmental . . . 
- t Contribution to net gain 1mpac 

Biodiversity 

A significant increase is expected in overall investment in economic 
infrastructure, meaning the greater construction volumes (of electricity 
generation, transportation and storage infrastructure) will need to be 
offset to compensate for any biodiversity loss and ensure losses of 
natural capital are avoided, minimised and mitigated. From 2025 new 
nationally significant energy infrastructure will be legally required to 
achieve biodiversity net gain.31 The government's Land Use Framework 
will create an opportunity to consider how land use could be 
multifunctional32, for example with technologies such as solar and 
onshore wind where the amount of land used is typically lower than 
other generation assets. 33 The land between and underneath panels and 
turbines - depending on the density and spacing between them -
can be used for other activities or rewilded. 34 

Decommissioning plants such as unabated gas turbines could allow the 
site to be used in an environmentally beneficial way. Such actions could 
offset environmental damage from new infrastructure assets, or 
construction impacts minimised as these plants are converted to use 
carbon capture and storage technology over new sites being 
developed. The Commission's recommendations on planning for 
Nationally Significant Infrastructure Projects will ensure that projects 
which fall into this category have clear upfront standards to meet to 
ensure their impact on the natural and built environment is 
appropriately and strategically mitigated. 

31 Department for Environment, Food and Rural Affairs (2023), Consultation on Biodiversity Net Gain regulations and implementation: 
Government response and summary of responses 
32 Food, Farming and Countryside Commission (2022), Proposed Land Use Framework for England 
33 Our World in Data (2022), How does the land use of different electricity sources compare? 
34 Solar Energy UK (2019), The Natural Capital Value of Solar 
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Section 6: Distributional impacts 
This section assesses the distributional impacts of the Commission's energy 
recommendations to 2050 across three dimensions: income groups, protected and 
vulnerable groups, and geography. 

When analysing the impacts of changing energy spend by households, the Commission 
considers expenditure on gas and electricity bills, as well as heat infrastructure costs such as 
heat pumps and boilers. Across all groups spending on energy infrastructure is expected to 
fall, with savings compared to 2022. This is primarily due to lower electricity unit costs feeding 
into lower bills, and improved energy efficiency leading to lower energy demand. 

Households with the lowest incomes are set to be supported through the heat transition via 
the Commission's recommendations to subsidise the full cost of installing low carbon heating 
and improving energy efficiency. Disparities in energy spending across regions is estimated 
to reduce, with the current largest gap between north west England and London flattening by 
2050.35 

Households sensitive to energy price increases or with higher heating needs will be impacted 
more, with specific groups detailed in Table 7. 

Income groups 

Vulnerable and 
protected groups 

Lower income households are set to see the greatest fall in energy 
spend in proportional terms by 2050 due to the Commission's 
recommendations. This reflects firstly the impact of the heat 
subsidy support recommended, which covers the full cost of 
installing a heat pump or switching to a heat network, and 
associated energy efficiency upgrades. The second effect is lower 
electricity unit costs driven by increased renewable penetration in 
generation. 

The Commission's analysis shows that there is a 55 per cent fall in 
the proportion of household spending on energy, for both top and 
bottom income deciles, as a result of its energy recommendations. 

The Commission's recommendations support the full cost of 
installing heat pumps and energy efficiency for lower income 
households and those in social housing, representing over one third 
of households 

Age - older and retired people tend to use electricity and heat 
more and differently throughout the day to people of working age. 
The way heat pumps are used (maintaining stable levels of heat) 
may mean older people do not see as great a change in their heat 
demand patterns compared to others. 

Disabilities - some people with disabilities and chronic health 
conditions - some of which are more common in certain 
ethnicities36 - need to heat their homes for longer or to higher 
tern eratures and use more electricit for medical e ui ment.37 

35 National Infrastructure Commission (2023), Distribution analysis technical annex. p. 10 
36 Sickle cell disease can cause chronic pain that worsens with colder temperatures and is particularly common in African and Caribbean 
communities. National Institute for Health Care and Excellence (2021), How common is sickle cell disease?; BBC (2023), Cost of living 
crisis: Sickle cell families staying in bed for warmth 
37 Regen (2022). Why are disabled people more vulnerable to rising energy costs and what should be done about it? 
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Dimension Description 

Geographical 

With falling unit costs of electricity, disparities in the proportion of 
total household spend going towards energy between these and 
other groups should reduce over time. 

Differences between regions in household spending on energy are 
expected to decrease by 2050. Regional analysis shows that 
households in the south of England - as one of the warmest and 
wealthiest regions - generally spend the lowest proportion of their 
income on energy compared to other regions. By 2050 there may 
be a significant reduction in regional disparities. 
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Section 7: Uncertainty 
This section presents how robust the Commission's recommendations are to different 
possible future states of the world based on a set of drivers, and to changes in assumptions. It 
assesses the degree of confidence in the fiscal and economic remit estimates, and other 
impacts outlined above, and the reasons for this judgement. These are set out under three 
risk classifications, as set out in the Commission's managing uncertainty framework. 38 

Table 8: Uncertainty summary 
Driver Classification Description 

Recommendations are robust to future economic 
growth expectations since actions required to reach net 

Economic 
Robust 

zero by 2050 are largely independent of different 
growth growth rates. It is factored into analysis that energy 

demand will increase to 2055, so there will be associated 
rising demand for energy infrastructure services. 

Sensitivity analysis when modelling pathways to 

Climate 
decarbonise power and building sectors considered a 

change 
Robust range of more extreme climates and weather 

conditions affecting electricity demand, peak demand 
and therefore the level of generation needed. 

Recommendations require new technology adoption 
and behaviour change under all scenarios to reach net 
zero by 2050 and precursory carbon budgets. 

Heat pumps are an existing technology, widely and 
increasingly adopted in other European countries. 39 

Some proportion of heat pump uptake is included in all 
heating scenarios modelled.40 Behaviours around the 
ways electricity is used throughout the day, through 

Technology smart devices, flexibility services and a smoothed 
and behaviour Robust heating profile from heat pumps are expected to 
change change over time. Investments in these technologies 

will reliably reduce carbon emissions. 

For some sectors like production of construction 
material where decarbonisation is more challenging via 
electrification, newer technologies such as carbon 
capture and storage will need to be deployed at scale. 
Although the cost range is large, a substantive network 
is a robust investment across a range offuture 
scenarios. 

Population and demographic change have direct 

Population and 
impacts on demand for energy. The Commission's 

demography 
Robust recommendations are inherently scalable to different 

levels of demand due to population and demographic 
change. 

38 National Infrastructure Commission (2022), Managing uncertainty in the second National Infrastructure Assessment 
39 IEA Global heat pump sales (2023), Global heat pump sales continue double-digit growth 
40 Aurora Energy Research (2023), Decarbonising heating systems (B) 
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Table 9: Sensitivity summary 
Sensitivity Description 

Costs are sensitive to future levels of electricity demand (for example, 
how quickly sectors such as heating and transport decarbonise) and 
in which locations. Upgrades of the electricity network will be needed 
in parallel with uptake of electric forms of heating and transport. 

Future household electricity demand levels could vary if there is a 

Electricity demand faster or slower rollout of low carbon heating, electric vehicle take up 
or industrial electrification than that assumed in modelling. While 
core networks of hydrogen and carbon capture are being developed 
for industrial use, government should ensure that planning for 
potential future stages of the networks is also in train, using an 
adaptive approach to manage the uncertainty and stranding risk 
while minimising the cost of inaction and delay. 

Different mixes of low carbon generation technology - wind, solar, 
nuclear - and lower levels of flexible technologies could lead to the 

Generation mix electricity system being more expensive. Comparisons between 
modelled scenarios show this could be between four to 18 per cent 
more by 2035, and nearly 20 per cent more by 2050.41 

The costs of deploying new hydrogen and carbon capture and 
storage networks are uncertain. At present, uncertainty around the 
scale and location of demand for hydrogen and carbon capture and 
storage networks means potential developers of pipelines and stores 
face risks and costs of their assets being underused. Research has 

Cost of new indicated that development expenditure costs in these type of 
networks infrastructure projects range between two to five per cent of capital 

expenditure and the range of capital expenditure estimates is even 
wider. Adopting upper and lower bounds for the costs of these new 
networks reflects the cost uncertainty in these technologies and is 
factored into the range shown in Table Sa of costs business and 
industry incur. 

There is uncertainty around the scale and speed of the reduction in 
the upfront capital cost of heat pumps. The Commission has adopted 
a conservative trajectory of heat pump costs falling by 25 per cent by 

Heat technology 2050. 
costs With industry innovations and accelerated demand, heat pump prices 

could reduce less or more than this (some estimate a 30 to 40 per 
cent fall by 2050)42, offering greater savings from switching from a gas 
boiler to many households. 

Changes in the sensitivities listed above drive changes in electricity 

Electricity and gas and gas price trajectories, and the costs to households for energy. An 

prices increase and decrease of ten per cent of electricity and gas prices 
from 2035 - after a recommended end of the sale of all new fossil 
fuel boilers - drive the ranges of household energy bills in Table Sa. 

47 Aurora Energy Research (2023), System flexibility in achieving net zero (A) - Annual databook 
42 Element Energy for Committee on Climate Change (2021), Development of trajectories for residential heat decarbonisation to inform 
the Sixth Carbon Budget and Nesta (2022), How to reduce the cost of heat pumps pp. 40-41 
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Transport Impact and Costings 
Section 1: Assessment recommendations and outcomes 
The Commission has made ten recommendations for transport within the Assessment.43 

Outcomes 

The main outcomes of the Commission's transport recommendations are to improve 
regional growth and competitiveness in major cities and underperforming regions outside of 
London and the South East. In addition, the recommendations ensure the transport system 
can adapt to climate change and decarbonise to support the transition to net zero. 

Level of investment 

The level of investment supporting the Commission's recommendations is £760 billion (2022 
prices) over 30 years from 2025. Much of this spend reflects ongoing maintenance and 
renewal of the assets, including an uplift for the costs of climate adaptation. Existing 
commitments such as rail and road improvement projects and expected levels of spend for 
example by local authorities are also included. There is also an adaptive pot which is available 
for costed proposals that would be required under specific circumstances. 

The following sections focus on the impacts of 'additional' elements of the Commission's 
recommendations which have the most significant impacts and costs. These are 
recommendations 17 and 18 which require investing in major urban public transport projects 
and the implementation of demand management measures as well as recommendation 22 to 
develop and implement a long term pipeline for road enhancements. Here, these 
recommendations are referred to as urban and interurban recommendations respectively. 
These recommendations have the most significant impacts on transport capacity and 
connectivity, as well as wider impacts which are reported in the relevant section. 

Funding and financing 

Capital investment in the transport system is largely provided by the public sector through 
central government grants to transport operators such as National Highways or Network Rail. 
Local transport is typically funded through a mixture of grants and local authorities' own 
funding as well as other sources. The recommendations for capital expenditure would be 
borne primarily by the public sector and are considered within the Commission's fiscal remit. 
A small proportion of transport infrastructure is privately owned and operated. However, the 
Commission is not making recommendations relating to this. 

43 National Infrastructure Commission (2023), second National Infrastructure Assessment 
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investment occurs. London's baseline connectivity is low as the score is based on travel 
time to the centre of London, which is significantly affected by congestion. 

Employment density calculations 

Modelling carried out for the Commission assessed transport capacity requirements for 
cities in England to meet future employment growth in city centres between now and 
2055 across a range of capacity scenarios (low, medium and high).49 This was assessed for 
a sample of 20 'case study' cities, and then extrapolated to all 54 cities in England 
excluding London. 

Using this, the Commission's analysis estimated the additional city centre employment 
density in 2055 from meeting capacity requirements in each scenario based on the 20 
case study cities, aggregated for cities in each size band (small, medium, large). This 
compares the 'unconstrained' employment growth compared to a counterfactual of 
employment growth being constrained by transport capacity. 

Employment density in each case is calculated by the ratio of employment to the land 
area of the city centre. The latter is based on the 'city centre cordon' which is estimated 
for each case study city. The cordon captures areas of high employment, while also 
considering the effect of current transport infrastructure and natural boundaries on the 
geographic extent of the city centre.50 

Table 10 provides a summary of the connectivity improvements by regions from investing in 
strategic roads, 51 focusing on sections of the network which have high demand and are 
underperforming. 

The results show variation in connectivity benefits across regions. This is due to two main 
factors. Firstly, some regions can experience larger or smaller connectivity improvements 
due to their geography - particularly the distances between built up areas. For example, 
areas in the South West are relatively spread out compared to the North West where they are 
closer together. Secondly, regions can benefit from improvements made in other regions. 
This is the case with London and the South East indirectly benefitting to a greater extent from 
investments made in other regions. 

T bl 10 R d . t t d • t f d•ff t • tf r 52 

Connectivity improvement compared to 
baseline score 

Unweighted Weighted 'regional' 
Baseline 'national' portfolio portfolios 

connectivity (percentage (percentage change, 
Reqion score chanqe) low - hiqh ranqe) 
London 0.52 +9.0 +8.2 to +9.1 
South East 0.85 +8.3 +7.0 to +7.8 
South West 1.18 +12.1 +11.5 to +13.8 
East of Enqland 0.72 +5.2 +4.2 to +4.5 

49 Steer (2023), Urban Transport Capacity. Demand and Cost: Main Report 
50 Steer (2018), Urban Transport Analysis: Capacity and Cost. City centre cordon definitions are the same as those developed for the first 
National Infrastructure Assessment 
57 Using connectivity based metrics is different from traditional 'accessibility' based measures which capture changes in market access 
(i.e. area that is accessible within a certain travel time) in order to estimate the impact of transport improvements. Table 1 provides 
further explanation of the Commission"s connectivity metric. For an example of accessibility based measures see OECD (2020), Roads. 
market access and regional economic development 
52 Steer (2023). Interurban Connectivity Assessment 
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system, with more efficient use of road space, should reduce the total 
costs to transport users in aggregate. However, the effects for different 
trips are likely to vary depending on local circumstances, and some 
journeys may be more costly (time or financial cost) resulting in some 
households either paying the cost, travelling elsewhere or choosing 
not to travel at all. 62 

The Commission's recommendations mean households are likely to 

Comfort and benefit from faster urban and interurban journeys. This is from more 

convenience efficient use of road space in cities, 63 and from connectivity 
improvements to underperforming parts of the interurban network 
(see Table 10). 

The Commission's urban transport recommendations facilitate more 
trips into city centres and enable higher employment growth where 
selected cities are constrained by their transport networks. This 

Employment increases employment opportunities in city centres. 

However, for the interurban transport recommendations there is some 
uncertainty about the spatial impacts of improving connectivity. This is 
set out in Section 7 in more detail. 

Support climate resilience and the transition to net zero carbon emissions by 2050 

The Commission's analysis indicates that its transport recommendations have a positive 
contribution to this objective. 

Domestic transport produces around a quarter of carbon emissions in the UK and is the UK's 
largest emitting sector, with the majority of this coming from road vehicles.64 The 
Commission's recommendations recognise that credible and adaptive plans to decarbonise 
the road network are necessary in order for road investments to be compatible with 
government's climate targets, and to reduce the risk these are not met. 65 

The Commission's analysis assesses the carbon impact from construction and use of 
infrastructure resulting from its recommendations. The analysis indicates the scale of these 
impacts are significantly less than the scale of change required to reduce overall emissions 
from transport and support the transition to net zero. See Section S for more detail. 

Finally, the Commission has assumed an uplift in maintenance and renewal spend to invest in 
climate adaptation measures. See Section 3 and 4 for more detail. 

62 Steer (2023), Urban Transport Capacity. Demand and Cost: Main Report . See sections 6.15 and 6.18 
63 Steer (2023), Urban Transport Capacity. Demand and Cost: Main Report. See sections 6.19 
64 Department for Transport, Transport and environment statistics: Autumn 2021 and Transport and environment statistics 2022 
65 Department for Energy Security and Net Zero (2023). Carbon Budget Delivery Plan 
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Section 4: Impact on the Commission1 s economic remit 
The cost of the recommendations in the Assessment for transport relate mainly to capital 
investment. This is for the ongoing renewal of existing infrastructure as well as the construction 
of new assets as set out in the Section 3. Additionally, households and businesses pay to use 
transport infrastructure and services, for example through fares and fuel costs. The public sector 
also incurs resource costs for operating and maintaining the infrastructure. The effects of 
transport recommendations on the costs to households, businesses and the public sector are 
considered in this section. 

In summary, the trajectory of total costs to households and business are estimated to remain 
broadly similar from today to 2050-54. Public sector costs are likely to slightly increase driven by 
a marginally larger transport network to maintain and operate than today. Average costs to 
households fall over the period - owing to cheaper running costs of zero emission vehicles -
with aggregate spending levels broadly flat due to housing and population growth offsetting 
cost reductions for an average household. 

Costs to households and businesses 

The Commission estimates that total household expenditure on transport could remain broadly 
flat between 2022 and 2050-54 - £83 billion in 2022 to £75 to 92 billion in 2050-54 - as shown in 
Table 15. Although less expense at the individual household level is expected, an increase in the 
size of the population offsets this reduction and results in a subtle increase in aggregate 
expenditure. A similar pattern is seen for business expenditure on transport, £84 billion and £77 
to 94 billion over the same time. 

Costs per household fall from £3,500 in 2022 to between £2,510 and £3,070 in 2050-54. This is 
largely due to the reduction in costs associated with the transition of the vehicle fleet to zero 
emission vehicles and the lower running costs associated with this. Spending on public transport 
fares is forecast to slightly increase, attributable to modal shift to public transport in major cities. 
However, the potential increases accounted for here are likely offset by a reduction in car use. 

Table 14: Economic remit impact, average annual household and business transport 
expenditure(£ million 2022 prices, 2025-2054) 

Category 
2022 

2025-29 2030-34 2035-39 2040-44 2045-49 
comparator 

Impact on 
household 

83,100 
73,700- 74,400- 75,000- 75,400- 75,200-

transport 88,900 90,900 91,600 92,100 91,700 
costs 
Average 

3,010- 2,840- 2,690- 2,610- 2,550-
impact per 3,500 

3,630 3,470 3,280 3,180 3,100 
household 
Impact on 
business 

84,300 
76,500- 77,000- 77,800- 77,600- 76, 900-

transport 90,900 94,100 95,100 94,800 94,000 
costs 

2050-54 

75,200-
91,700 

2,510-
3,070 

76,900-
94,000 
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Costs to the public sector 

It is expected that recommended new enhancements to interurban, urban and local transport 
networks would largely be improvements to the existing asset stock and as such would have a 
marginal effect on government resource costs. Entirely new infrastructure such as a new urban 
tram or rail line or a new road link may have a proportionately larger effect on resource costs. 

Current operational spend on transport is in the order of £14 billion per year and could be 
between £13 to £16 billion by 2050-54. This includes spending on items such as staff pay and 
concessionary support on local and strategic roads, public transport, railways and other 
transport (such as maritime, ports or aviation). The Commission's analysis suggests costs of 
implementing a portfolio of road enhancements similar in scale to the Commission's 
recommended portfolio, may constitute an annual increase of around £180 million in public 
sector operational cost by 2055. 

Additionally, the recommendations for new public transport capacity in cities to will likely 
require expenditure to operate and maintain. This would be offset against ticket sales and would 
require approximately £165 million of subsidy (based on typical levels of subsidy for public 
transport). The true costs will vary depending on future patronage and the infrastructure built 
which will be a decision for cities pending scheme development, planning and more detailed 
analytical work. 

Demand management measures could generate revenue for local authorities to reinvest in 
transport, depending on the nature of the scheme. A workplace parking levy in a large city could 
generate between £10 million and £35 million each year. A congestion charge could similarly 
generate and between £20 million and £60 million each year. The precise nature of any scheme 
and therefore any costs or revenue associated with it are a decision for cities and no 
assumptions on likely revenue have been included in the economic remit. 

Operational spending on rail could increase over the period covered by the second Assessment 
following delivery of the government's current commitments although fare revenue may offset 
this in part or full. 

The Commission has also undertaken analysis to examine the costs of additional investment in 
the rail network to achieve net zero emissions by 2050. The approach is a mixture of expenditure 
on electrification infrastructure and rolling stock - which is accounted for in the fiscal remit -
with any residual emissions being removed through greenhouse gas removal technology where 
it is more cost effective to do so. There is uncertainty about the likely cost of greenhouse gas 
removal technology and the precise costs of investment in the rail network itself. This results in 
uncertainty about the right proportion of spend between capital investment in the network and 
operational expenditure on greenhouse gas removal technology. It has been assumed the 
annual costs of greenhouse gas removals for residual emissions from the rail sector may be in 
the order of £180 million per year by 2050 rising from around £100 million per year in 2040. 

Table 15: Economic remit impact, average annual expenditure by the public sector(£ million 
2022 . 2025 2054) I 

Category 
2022 2025-29 2030-34 2035-39 2040-44 2045-49 2050-54 

comparator 
Government 

12,700- 12,700- 12,800- 12, 900- 13,100- 13,200-
resource 14,100 
expenditure 

15,500 15,500 15,600 15,800 15,900 16,000 
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Section 5: Environmental impacts 
The Commission measures the environmental impact of its recommendations across three 
environmental domains: air pollution, biodiversity, water quality. These are three of the 
themes in the government's 25 year environment plan 69 relevant to the Commission's 
recommendations. The impact of the transport recommendations on these domains is 
summarised in Table 16 where the net effects are estimated to be positive. 

In addition, the Commission measures the carbon impact of its recommendations. This 
includes embodied carbon in the construction of infrastructure as well as operational carbon 
emissions. 

T bl 16 E t I t f th t • t d f 
Environmental . . . 
- t Contribution to net gain 1mpac 

Air pollution 

Water quality 

The Commission expects beneficial outcomes for air quality from a 
significant reduction in air quality emissions from zero emission 
vehicles. Benefits will also be realised by mode shift towards public 
transport in urban areas. The scale of mode shift would likely be 
increased with demand management measures in place. 

There could be a relatively small element of additional air pollution 
created by induced demand from road enhancements and associated 
with construction of road, rail and urban improvements. The nature, 
location and scale of these will depend on the specific circumstances of 
the improvement projects. 

These effects are set against expectations that background 
improvements to air quality will continue as the fleet modernises. This 
will reduce emission levels overall in line with recent trends. Nitrogen 
dioxide (N02) emissions fell to 23.6 micrograms per cubic metre 
(µg/m3) in 2022 at the roadside70 and particulate matter (PM10) has also 
seen a long-term decrease in levels at roadside, howeverthey have 
remained relatively stable since 2015.71 A shift to electric vehicles won't 
eliminate all emissions from transport as non-exhaust emissions will 
persist,72J 3 for example brakes and tyres emit particulate matter 
although notable reductions in N02 emissions from less combustion 
would be expected. 

The recommended approach to strategic management of the road and 
rail estates should help to deliver better outcomes overall for water 
quality and the application of the careful and considered design of new 
enhancements to the routine renewals and management of the rest of 
the network can support widespread improvements in outcomes by 
reducing runoff and subsequent impacts to the aquatic environment. 

There may be localised negative effects on water quality from run off 
due to increased transport use. However, this would be offset by wider 
improvements in the vehicle fleet which results in lower average run off 
per vehicle. The scale of this will depend on the specific circumstances 

69 Department for Environment, Food and Rural Affairs (2023), 25 yea, Environment Plan 
70 Department for Environment, Food and Rural Affairs (2023), Nitrogen dioxide (NO2) 
71 Department for Environment, Food and Rural Affairs (2023), Particulate matte, (PM10/PM2.S) 
72 OECD (2020), Non-exhaust Particulate Emissions from Road Transport 
73 Ai, Quality Expert Group prepared for Department for Environment, Food and Rural Affairs; Scottish Government, Welsh 
Government; and Department of the Environment in Northern Ireland (2019) Non-Exhaust Emissions from Road Traffic 
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Biodiversity 

Carbon impacts 

of the improvement projects, travel patterns and the location relative to 
aquatic environments. 

It is a legal requirement for new infrastructure to provide biodiversity 
net gain. Route selection, considered design, careful management of 
habitats and improving habitat connectivity can all help to provide this 
improvement. In addition to making improvements associated with 
enhancement projects, effective biodiversity management of the entire 
soft estate can help to maximise the impact of investment in 
biodiversity improvement at the scale of the whole network. 

Building of new infrastructure, such as new road schemes, is likely to 
have localised impacts due to land use change with associated losses in 
ecosystems services.74 These impacts may vary by location and scheme 
design. However, delivering biodiversity net gain should mitigate 
negative impacts and leave ecosystem services better off overall, 
although some local losses are still possible depending on how and 
where biodiversity improvements are delivered. The Commission 
estimates that enhancements of a similar scale to the proposed road 
portfolio would need sufficient investment to ensure that a biodiversity 
improvement greater than 8,000 to 10,000 biodiversity units75 is 
provided. Urban transport enhancements are unlikely to have 
significant effects as land use change is likely to be from developed or 
brownfield to transport. Delivering biodiversity net gain should mitigate 
any negative impacts. 

To comply with the Sixth Carbon Budget, emissions from surface transport will be required to 
fall from about 110 megatonnes of carbon dioxide equivalents (MtC02e) in 2021 to around 50 
MtC02e as indicated by the government's Carbon Budget Delivery Plan - representing a 
decrease of over half.76 The Commission's recommendations recognise that investing in 
enhancements needs to be compatible with decarbonisation targets. Increased monitoring 
and remedial action will help to reduce the risk of missing interim emissions targets. In the 
remainder of this section the effects the Commission's other transport recommendations 
could have on this baseline are described. 

The impacts fall into two main areas: induced demand and other changes in transport 
demand, and 'embodied' carbon from construction. The Commission's analysis indicates that 
the scale of these impacts is significantly less than other drivers of demand and background 
changes brought on by the net zero transition. 

Induced demand: Improved road connectivity can contribute to increasing traffic volumes 
by inducing demand for travel on the improved roads that would not otherwise have 
happened.77 The Commission's analysis shows that for interurban enhancements this is much 

74 National Infrastructure Commission (2021), Natural capital and environmental net gain 
75 A biodiversity unit is a habitat based approach used to assess an area's value to wildlife. Department for Environment, Food & Rural 
Affairs (2021), Biodiversity metric: calculate the biodiversity net gain of a project or development 
76 HM Government (2023), Carbon Budget Delivery Plan 
77 Department for Transport (2018), Latest Evidence on Induced travel demand: an evidence review: Transport for Quality of Life (2020), 
The carbon impact of the national roads programme; Office for Rail and Road (2017-21), Annual Assessments of National 
Highways/Highways England 2017-2021 : and WSP (2018), Latest evidence on induced travel demand: An evidence review 

33 

https://nic.org.uk/app/uploads/Updated-Natural-Capital-Paper-Web-Version-Feb-2021.pdf
https://www.gov.uk/guidance/biodiversity-metric-calculate-the-biodiversity-net-gain-of-a-project-or-development
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1147369/carbon-budget-delivery-plan.pdf
https://www.gov.uk/government/publications/induced-travel-demand-an-evidence-review
https://www.transportforqualityoflife.com/u/files/The%20carbon%20impact%20of%20the%20national%20roads%20programme%20FINAL.pdf
https://www.orr.gov.uk/monitoring-and-regulation/roads-monitoring/annual-assessment-national-highways
https://www.orr.gov.uk/monitoring-and-regulation/roads-monitoring/annual-assessment-national-highways
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/762976/latest-evidence-on-induced-travel-demand-an-evidence-review.pdf


less ( ~0.6 to 1.3 per cent)78 than the potential growth in traffic demand from a range of drivers 
including economic and population growth (between 10 and 28 per cent 2022-2035).79 A 
monitoring and review regime for transport decarbonisation is recommended in the 
Assessment alongside carefully designed adaptive policies - this should be developed taking 
account of any potential impacts of induced demand. 

Other changes in transport demand: The Commission expects that urban transport 
recommendations may elicit modal shift and changing patterns of demand in turn affecting 
the carbon intensity of these journeys. Although not quantified, it is expected this would 
reduce emissions from transport usage by moving travel from private vehicles to public 
transport and active travel. 

Construction emissions: estimated emissions from construction and maintenance activities 
on the strategic road network (motorways and major A-roads) was 0.73 MtCO2e in 2020, of 
which around half were from key materials - concrete, asphalt and steel. 80 There are plans in 
place to reduce emissions from construction activity in the transport sector, for example 
National Highways aim to have zero emissions from construction and maintenance by 2040. 81 

Based on current construction practices the Commission's analysis indicates that the 
potential construction emissions from road enhancements, as recommended, is 0.46 
MtCO2e. This figure is likely to be an overestimate as new construction practices can be 
expected to have lower carbon intensity than today. 

Rail emissions 

1.5 MtCO2e of emissions were from rail (1.4 per cent of surface transport total) in 2022. 82 Rail 
decarbonisation can be achieved through a combination of electrifying railway infrastructure 
and changing the rolling stock operating on the network, primarily to battery or hydrogen.83 

The Commission proposes these are reduced over time through a combination of 
infrastructure investment (eg rolling stock and electrification) and use of Greenhouse Gas 
Removal technology for residual emissions where this may be more cost effective than 
investment in more traditional infrastructure solutions. 

78 The 2018 Department for Transport literature review found that road enhancements may increase national traffic volumes by around 
0.2 per cent for each one per cent increase in capacity; more recent estimates (Transport for Quality of Life 2020) find a two per cent 
year on year growth in specifically on the improved road corridors. Capacity increases on the Strategic Road Network as a result of road 
building in 2017-20 amounted to approximately 0.4 per cent per annum (Office for Rail and Road (2017-21), Annual Assessments of 
National Highways/Highways England 2017-2021. The upper end estimate is calculated on a doubling of the year on year growth rate to 
4 per cent for improved parts of the network 
79 Department for Transport (2023), Assumed levels of road traffic and percentage of road traffic from zero 
emission vehicles in decarbonising transport upper and lower bound scenarios . Commission analysis of the growth rates in the upper 
and lower bound scenarios. Department for Transport (2023), Additional information on assumptions used to develop decarbonising 
transport scenarios. Sets out the assumptions underpinning the low and high traffic scenarios, which feed into the upper and lower 
bound scenarios 
80 National Highways (2021), Net zero highways: our 2030 / 2040 / 2050 plan; National Highways (2022), Net zero highways: our zero 
carbon roadmap for concrete steel and asphalt. Estimated emission from all construction activities are 734,000 tCo2e, of which 
373,000 tCo2e are from concrete (217,200 tCo2e), steel (78,500 tCo2e) and asphalt (77,300 tCO2e) 
81 National Highways (2021), Net zero highways: our 2030/2040/2050 plan 
82 Committee on Climate Change (2023), Progress in reducing emissions: 2023 Report to Parliament 
83 Network Rail (2020), Traction Decarbonisation Network Strategy 
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Section 6: Distributional impacts 
This section sets out the main distributional impacts of the Commission's recommendations 
across three dimensions: income groups, geography, and protected and vulnerable groups. 
Table 17 sets this out for each dimension. 

Table 17: Distributional impact summary 
Dimension Description 

Income groups 

Vulnerable and 
protected groups 

All income groups will benefit from improvements in transport capacity 
and connectivity. Trade benefits from improved interurban connectivity 
may be passed onto households via lower prices of goods and services 
or higher wages.84 

However, some income groups are likely to benefit more than others in 
proportion to their existing use. For example, improving transport 
capacity into city centres and improving road connectivity would 
disproportionately benefit middle and high income households who 
travel more by road and spend more on public transport. 

The cost and time impact of demand management will be in proportion 
to existing travel use. This means most of the negatively impacted users 
will be from households from higher income groups. Acute impacts are 
possible for lower income households that rely on the car for most 
journeys - but because such households also tend to take fewer 
journeys by car the number of impacted households is likely to be 
relatively lower. 85 

All households may benefit through growth in the wider local economy 
as a result of transport improvements - although the distribution of 
winners and losers depends on spatial impacts (see Section 7 for more 
details). 

All groups with protected characteristics will benefit from 
improvements in transport capacity and connectivity improvements. 
However, some groups benefit more than others reflecting the overlap 
between geography and income, based on current differences in 
transport use. 

For example, improvements in urban transport will benefit the working 
age population who commute into city centres and younger people 
who mostly live in cities. Lower income households which intersect with 
protected characteristics such as race, tend to rely more on buses. 
However, middle and higher income earners who tend to travel more 
by public transport overall (and tend to travel greater distances by rail) 
also tend to be from White British backgrounds. 

In addition, any new infrastructure should be designed to modern 
standards and in line with the Commission's design principles that will 
maximise accessibility.86 However, there are opportunities to address 
the more significant issue of the historic legacy of inaccessible design. 
This could have a larger impact on improving accessibility in the long 
term which would benefit those with mobility issues which often 
overlaps with other protected characteristics (eq disabled people or 

84 Rietveld and Bruimsma (1999), Is Transport Infrastructure Effective? See section 3.2 as an example 
85 Steer (2023), Urban Transport Capacity and Demand Analysis: Demand Management Report 
86 National Infrastructure Commission (2020), Design Principles 
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Dimension Description 

older people). This could be taken into account in new approaches to 
renewals and upgrades with these objectives in mind, rather than 
straightforward maintenance. 

The majority of the capacity and connectivity improvements and 
associated wider (ie economic) benefits are to regions and regional 
cities outside London. These are also places which are not achieving 
their productivity potential, which is contributing to the overall 
disparities between regions. 

Geographical Some regions may benefit more than others. This is partly due to where 
the improvements are targeted (eg large cities with transport 
constraints on employment growth), and other factors such as 
geography and the proportion of business in tradeable sectors who 
would benefit from lower transport costs (see Section 2 for more 
details). 

Distributional gaps in transport use 

Many of the impacts set out in Table 18 directly relate to distributional gaps in transport use. 
Transport, compared to other infrastructure services, offer very different levels of service to 
different population groups. The Commission's analysis has considered the evidence on how 
different groups experience transport services today before assessing the impacts of its 
proposals. 

The key evidence on distributional gaps is set out below by income groups, geography, 
protected and vulnerable groups. 

Income groups 

In general, total spending on transport increases as household income increases. The 
proportion of household spending on transport also increases with income - around 7 per cent 
of expenditure for lower income households, rising to 9 to 11 per cent for the higher income 
households.87 Of this, lower income households spend a higher proportion on private transport 
(eg car) compared to public transport. As household income increases the proportion spent on 
public transport increases, as does car ownership. 88 

Wealthier households are also more likely to live in rural areas where car travel is more common. 
Similarly, household income is positively associated with commuting distance. Contrastingly, 
those on lower incomes tend to live in urban areas and travel less than those on higher 
incomes.89 

There are also differences in trip making by mode. Lower income households tend to travel less 
frequently by car and make shorter trips. By contrast, higher income households tend to travel 
more frequently and at greater distances. Those in professional occupations similarly travel 
greater distances.90 On public transport, higher income households travel significantly more 
frequently by rail compared to lower income households. However, the relationship for bus 
travel is the opposite - lower income households take the bus significantly more frequently than 
high income households.91 

Geography 

87 Commission calculations based on ONS Living Cost and Food Survey data 
88 Commission calculations based on ONS Living Cost and Food Survey, and Department for Transport National Travel Survey 
89 National Infrastructure Commission (2022), Quality of life 
90 HM Treasury analysis of National Travel Survey data, based on three years of data between 2016 and 2018 
91 Ibid 
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/937223/F13-Future-of-Transport-Equalities-access-to-opportunity-rapid-evidence-review-accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/937223/F13-Future-of-Transport-Equalities-access-to-opportunity-rapid-evidence-review-accessible.pdf
https://www.gov.uk/government/statistics/the-employment-of-disabled-people-2022/employment-of-disabled-people-2022
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/937223/F13-Future-of-Transport-Equalities-access-to-opportunity-rapid-evidence-review-accessible.pdf
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https://www.ethnicity-facts-figures.service.gov.uk/work-pay-and-benefits/pay-and-income/income-distribution/latest#data-sources
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/937223/F13-Future-of-Transport-Equalities-access-to-opportunity-rapid-evidence-review-accessible.pdf
https://www.itf-oecd.org/transport-innovation-sustainable-development-gender-perspective
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/937223/F13-Future-of-Transport-Equalities-access-to-opportunity-rapid-evidence-review-accessible.pdf
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Driver Classification Description 

in upgrades and new roads.112 Higher than expected uptake of 
technology may reduce the business case for some 
enhancements or may change the focus of that enhancement 
spend. However, achieving these improvements in reality is 
subject to considerable uncertainty (eg it may require enabling 
infrastructure on motorways and major A roads to support 
higher speeds). An integrated strategy should monitor causes 
of and respond to emergent trends, reviewing the longer term 
pipeline as necessary. The Commission's analysis also assessed 
the impact of higher CAV uptake in urban areas which indicates 
potential for a small, but not transformative uplift in road 
capacity - though net impact on capacity would depend on 
whether CAVs affect demand for driving which was not 
assessed .113 

Recommendations are robust to higher and lower population 
growth as this changes the funding available and the strength 
of the business case, altering investment accordingly. For 

Population and 
Robust 

example, investment in major urban transport depends on 
demography growth and distribution of working age population. Similarly, 

for interurban enhancements scenarios where there is lower 
population growth may reduce the need for investment as this 
affects future traffic growth.114 

Table 20: Sensitivity summary 
Sensitivity Description 

Costs of urban 
transport 

Costs of 
interurban 
transport 

Costs are sensitive to future levels of demand (for example, the role of 
agglomeration, rates of hybrid and remote working) and how capacity is 
added, which means there is a wide range of potential costs which are non
linear as capacity requirements increase. For example, adding light rail, tram 
and rail capacity are more costly and have wider cost ranges compared to bus 
rapid transit. Beyond certain thresholds adding extra services on existing lines 
isn't sufficient to meet capacity requirements, so more costly infrastructure is 
needed (such as new lines, tunnelling, major station upgrades).115 

Costs are sensitive to the unit costs and complexity of the interventions 
included in each portfolio. The interurban connectivity analysis already 
excludes corridors where potential improvements are likely to be unfeasible 
due to geography (for example, where costs may be prohibitive due to 
terrain). However, it makes simplifying assumptions based on benchmark 
costs of similar improvements (for example, an upgrade or new road) and 
qeoqraphical location. This means actual costs may be different at the scheme 

112 Steer (2023), Interurban Connectivity Assessment 
113 Steer (2023), Urban Transport Capacity. Demand and Cost: Research Methodology. See paragraphs 3.68 to 3.76 
114 Department for Transport (2023), National road traffic projections 2022. Report sets out how different population growth assumptions 
impact traffic growth 
115 Steer (2023). Urban Transport Capacity Demand and Cost: Main Report. Tables S.S. 5.6 and 5.7 provide infrastructure requirements for 
bus rapid transport, light rail and rail, and the thresholds where line extensions or new lines are required to facilitate extra services 
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Sensitivity Description 

design stage, if the improvements suggested by the analysis are taken forward 
and developed.116 

Benefits are sensitive to future levels of employment growth, which drives the 
economic benefits of alleviating transport capacity constraints (see Table 2). 

Benefits of 
The potential economic benefits are in regional cities that currently 

urban transport 
underperform. But these cities also have the widest uncertainty in future 
demand and therefore the benefits of additional capacity. This reflects the 
possibility that there are lower potential agglomeration benefits from urban 
transport investment.117 

The economic benefits of the connectivity improvements depend on the 
extent to which businesses take advantage of the improved opportunities for 

Benefits of 
trade. Under certain conditions, improved interurban connectivity reduces 

interurban 
transport costs in a way that it changes the location of economic activity. 

transport 
Households in some places may gain from improved access to employment 
opportunities arising from trade specialisation and resultant clustering, but 
because of the 'two way roads' problem this may be at the expense of other 
locations losing out.118 

Purchasing decisions will have a significant impact on household expenditure. 
Decisions related to new vehicle purchases, the amount of travel and by which 

Vehicle mode will all affect expenditure on transport. The cost of electric vehicles is 
purchases expected to fall over time, reaching parity with petrol and diesel vehicles 

before 2030. It is possible this decline in costs will continue for some time, as 
new battery technology in particular reduces costs. 

Fuel costs represent the most uncertain component of operating costs, and as 

Operating costs 
the vehicle fleet decarbonises this will increasingly follow the costs of 

and fares 
electricity. The range around electricity prices used in the Assessment 
suggests that a fully electrified vehicle fleet could see fuel costs vary by plus or 
minus ten per cent. 

116 Steer (2023), Interurban Connectivity Assessment. The cost assumptions are based on benchmark costs for major road projects that are 
either in the pipeline or completed. The range of costs varies considerably - for example, a bypass could cost between £13.3 million and 
£76.4 million per km. 
117 Laird and Tvete, (2022), Agglomeration under Covid . Hybrid and ,emote working enables some activities to be done at greater distances, 
which may ,educe travel demand into city centres and the potential agglomeration benefits of urban transport investment. Further 
research is needed on the relative effects of these and what it means for the relationship between transport capacity, employment density 
and productivity benefits 
118 Department for Transport (2022), TAG unit A4.3 place-based analysis . Sets out the causal mechanism, based on an example where 
improved accessibility between two regions may benefit prosperous areas rather than the poorer areas targeted by the scheme 
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Section 2: Contribution towards the Commission's 
objectives 
This section explains how the Commission's digital recommendations contribute towards its 
four objectives. 

Support sustainable economic growth across all regions of the UK 

SG has the potential to boost national economic growth. The Department for Science, 
Innovation and Technology (DSIT) suggest SG could boost annual UI< gross value added (GVA, a 
measure of economic activity) by 0.4 to 1.6 per cent in 2035.122 This represents a cumulative 
productivity benefit of over £40 billion under their advanced digital technology scenario, and 
nearly £160 billion under their general-purpose technology scenario (a general-purpose 
technology - such as the railways and electricity networks - can be defined as a technology 
which drives a whole era of technical progress and economic growth).123 Research undertaken 
by the University of Warwick for the Commission suggests SG is unlikely to be a general purpose 
technology, so the top end of this range is optimistic. However, the potential scale of these 
impacts on GVA reflects the uncertainty over the impact of SG. 

The digital recommendations in the Assessment present an opportunity for SG to boost 
productivity for business, industrial users and infrastructure firms. SG can help firms to improve 
efficiencies through greater digitisation and autonomation, provide more secure and resilient 
networks than previous generations of wireless connectivity, and support new working practices 
and uses, such as augmented or virtual reality. 

DSIT research estimates the largest impacts to be in London, the South East and North West.124 

Urban areas within each region are expected to benefit more strongly from SG because mobile 
network operators are rolling out their networks there first. 

Improve competitiveness 

The impact of the recommendations on competitiveness is uncertain. The Commission has 
previously identified three ways infrastructure can contribute to competitiveness.125 

Improved digital infrastructure can improve the liveability and profitability of an area, enabling 
people to have greater choice over where they can live and work. In rural areas improved 
communications infrastructure may make it easier for businesses to enable remote working or 
set up satellite offices, potentially attracting inwards investment to those areas.126 New 
generations of digital infrastructure can enable new uses and working practices which can 
benefit from improvements over previous generations. For instance, the higher data capabilities 
of 4G allowed for access to better internet connectivity on the move, enabling the emergence 
of the app economy.127 

Fixed connections, which are vital for data-intensive operations, currently seem to be more 
important than SG in facilitating seamless connectivity and enhancing market access, especially 
for individuals. The capabilities of SG are likely to be more beneficial to business and industrial 
users at present.128 SG could help to improve productivity for firms through increased 
efficiencies from digitisation and automation of processes.129 Improving access to digital 

122 Cambridge Econometrics and Analysys Mason (2021), Realising the Benefits of 5G; Department for Science, Innovation and Technology 
(2023), UI< Wireless Infrastructure Strategy 
123 Bresnahan, Timothy and Trajtenberg (7995), "General purpose technologies 'Engines of growth'?" Journal of Econometrics 65 (7): 83-108 
124 Cambridge Econometrics and Analysys Mason (2021), Realising the Benefits of 5G, Figure 8-12 
125 National Infrastructure Commission (2020), Improving competitiveness 
126 lpsos (2023), Evaluation of the Superfast Broadband Programme 
127 Financial Times (2022), The search for 5G's 'killer apps': Huffington Post (2014), The Need for Speed in the App Economy 
128 Cambridge Econometrics and Analysys Mason (2021), Realising the Benefits of 5G, p. 12 
129 Cambridge Econometrics and Analysys Mason (2021), Realising the Benefits of 5G, see Section 2 
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