An assessment of the UK National
Infrastructure Pipeline
Outcomes from the ITRC/IUK Collaboration
Revision date: 12 May 2016

Prepared by:

Adrian J. Hickford
Robert J. Nicholls

Matthew C. Ives
Jim W. Hall

David Alderson
Craig Robson
Stuart Barr

University of Southampton

University of Oxford

Newcastle University

An assessment of the UK National Infrastructure Pipeline

Contents
Executive Summary ................................................................................................................... 1
Introduction .............................................................................................................................. 4
2.1

Background to the NIP and the pipeline ............................................................................. 4

2.2

Background to ITRC and NISMOD ....................................................................................... 4

2.3

Objectives of the study ...................................................................................................... 5

Using NISMOD-LP to assess the NIP pipeline .............................................................................. 7
3.1

Overview of the NISMOD suite ........................................................................................... 7

3.2

Assessment framework ...................................................................................................... 7

3.3

Socio-economic scenarios .................................................................................................. 8

3.4

Summary of sector models............................................................................................... 10

3.4.1

Energy ...................................................................................................................... 10

3.4.2

Transport ................................................................................................................. 11

3.4.3

Water supply ............................................................................................................ 11

3.5

Reporting metrics ............................................................................................................ 12

3.6

Development of the reporting tool................................................................................... 14

The NIP pipeline ...................................................................................................................... 16
4.1

Summary of the current pipeline portfolio ....................................................................... 16

4.2

Analysing the pipeline in NISMOD .................................................................................... 17

4.2.1

Energy ...................................................................................................................... 18

4.2.2

Transport ................................................................................................................. 20

4.2.3

Water supply ............................................................................................................ 21

Analysis of the performance of the NIP pipeline ...................................................................... 23
5.1

Energy ............................................................................................................................. 23

5.1.1

Electricity ................................................................................................................. 23

5.1.2

Gas ........................................................................................................................... 26

5.1.3

Greenhouse gas emissions ....................................................................................... 27

5.2

Transport ......................................................................................................................... 28

5.2.1

Road transport ......................................................................................................... 29

5.2.2

Rail ........................................................................................................................... 31

5.3

Water supply ................................................................................................................... 33

Discussion and conclusions ...................................................................................................... 38
APPENDIX A Translating from NIP to NISMOD: Examples of parameterisations ........................ 40
APPENDIX B Details of pipeline projects included in the assessment ........................................ 42

An assessment of the UK National Infrastructure Pipeline

Executive Summary
This report presents the results of collaboration between the EPSRC-funded Infrastructure
Transitions Research Consortium (ITRC) and the Major Infrastructure Tracking (MIT) team of
Infrastructure UK (IUK), using tools developed by ITRC to assess the benefits of investment in the
National Infrastructure Plan (NIP).
The National Infrastructure Plan outlines the Government’s vision and approach for the key
economic infrastructure sectors of energy, transport, water, waste, communications, flood defences,
and science. The NIP is supplemented by the infrastructure pipeline, which sets out details of major
commitments for investment in important infrastructure projects to 2020 and beyond. In the NIP
2015 the pipeline consisted of 560 projects and programmes with a budget of £411 billion.
To support delivery of its objectives in each sector, the NIP also includes an indication of the ‘Top 40
priority infrastructure investments’ – large individual projects and broad themes containing a range
of investments which either make the most significant contribution towards achieving a particular
objective, or carry the most risk should they fail, both strategically and in value for money terms.
The MIT’s work has focused upon the cost, finance, timing and implementation of the national
infrastructure pipeline, with less explicit analysis of the system performance benefits that would be
achieved by investing in these infrastructures. Assessment of benefits will have been carried out in
individual project appraisals, but to date, the MIT has not had access to evidence about the future
performance of infrastructure investments at a system scale. ITRC’s modelling suite, NISMOD-LP (LP
for Long-term Performance) provides that evidence, in terms of being based on a consistent set of
assumptions for growth, tested across a consistent set of metrics.
The pipeline assessment includes results across the energy, transport and water sectors (which
represents over 90% of the overall investment), testing and comparing the impact of the NIP
pipeline projects with a ‘No Build’ future, in which the investments set out in the NIP pipeline are
assumed not to have been undertaken (although projects under construction at the outset of the
study were assumed to have been completed). The results are also compared across three
contrasting socio-economic future pathways, each with different levels of growth in population and
the economy. For water, the effect of climate change was also considered.
For energy, the assessment considers existing energy supply and transmission assets plus all projects
in the 2014 and 2015 National Infrastructure pipeline listings. These projects amount to around
25GW of additional generation capacity at a cost of around £44bn with an additional 8.7GW of
capacity being provided through new interconnectors with Europe. These investments provide
capacity improvements up to the mid-2030s, but there is a steep decline in generation capacity in
2035, at which point capacity margins would drop significantly. In reality, such a sudden change
would not occur; the NIP also contains a significant budget for additional generation projects beyond
2030 that have yet to be defined which would ameliorate this projected decline in capacity margins.
The lack of certainty regarding such future investments means that they are not included in these
analyses.
The future for gas seems more robust; despite the decline in domestic gas supplies (which may have
implications for future new investments in LNG), the current gas infrastructure is able to ensure
sufficient capacity in the gas network over the period from 2015 to 2040 without new capacity
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investment under all growth scenarios. Only in the high-growth scenario is there a danger of the gas
capacity margin dropping below zero beyond 2040.
In the transport assessment, 24 of the 32 ‘Top 40’ road-based projects in the NIP can be analysed
using NISMOD-LP. These are comprised of 6 of the 10 Local Authority Major projects and 18 of the
22 Highways England Major projects. The analysis also assesses a further 29 road-based projects
outside the ‘Top 40’, including 12 Smart Motorway projects. Project types not included in the
assessment are those concerned with metro systems (which are currently not represented in
NISMOD-LP), junction improvements and general maintenance programmes and smaller scale local
projects outside the Top 40 priority list which would have little impact on a national scale. While
these road investments are a very small proportion of the overall asset base (52 new inter-zonal flow
lanes (an additional 1.30%), and 1,750 intra-zonal lane km (an additional 0.22%, including 861km of
managed motorway/all lane running)), and are likely to have only a slight effect at an aggregate
national scale; in terms of national road vehicle km, the extra road space added as part of the NIP
allows an extra 0.4% traffic flow by 2030, rising to 0.8% by 2050. This reflects that fact that the UK
highway network is already largely complete. The NIP investments can be seen to relieve local
congestion hotspots; for those links affected by the NIP investment there will be 2% more traffic
using the network by 2030 (compared to No Build), increasing to an additional 4.6% more traffic in
2050. Nevertheless, increasing road capacity may not be enough to manage continued growth in
traffic, especially if the extra road space releases latent demand, as is assumed in the model and in
Department for Transport (DfT) projections; more aggressive policy responses (in terms of
infrastructure investment and demand management) will be required.
For rail, all seven electrification projects are included in the assessment, as well as an assessment of
the impact of HS2. The rollout of electrification schemes across the country will obviously have
substantial impacts on the fuel mix used throughout the network, with around 20% of current diesel
use switching to electricity by 2030. The opening of Phase 1 of HS2 in 2026 will provide capacity for a
large number of extra trains along those affected links, with a further increase as Phase 2 opens in
2034. There are obviously projected to be more trains using the network and NISMOD indicates that
these investments will help to limit the growth in rail congestion, as the amount of delay on those
rail links will drop to 2015 levels, compared with an estimated 14% rise in delays by 2026 without
HS2, increasing to 30% more in 2034.
The NIP projects and programmes listed for the water sector consist primarily of the investments
over the next five years (2015-2020) contained in each of the water companies’ Water Resource
Management Plans (WRMPs) for Asset Management Programme 6 (AMP6). Future projections of
demand produce a wide range of possible outcomes for Great Britain as a whole, from a reduction in
demand in the low population/per capita demand scenario to a 20% increase in total demand by
2050 in the high population/per capita demand scenario.
The NIP investments amount to an 18% increase in water supply capacity for Great Britain by 2018;
however, this increase in supply is countered by a potentially larger decrease in yield from
reductions in water abstractions that have been mandated to restore the aquatic environment,
which amount to around a 22% decrease in supply levels by 2025. In the central growth scenario,
there is then a steady decline in supply-demand balance due to population and climate change.
While the NIP investment helps to alleviate potential problems in regional supply-demand balance
when compared to a No Build future, there may still be shortages for specific regions.
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The collaboration between ITRC and Infrastructure UK has demonstrated how the future
performance of a complex portfolio of infrastructure investments can be analysed. It has
demonstrated the extent to which the NIP projects will be able to cope with national infrastructure
needs in the long term, under a range of possible future scenarios. Visualisation tools (which have
been used to plot the results presented in this report) have been developed to explore and
communicate the implications of different infrastructure investments. NISMOD-LP provides a virtual
environment in which future infrastructure strategies can be developed and tested. Further research
is now exploring a wider range of possible long-term strategies for infrastructure provision.
This short report focuses upon the methodology adopted to represent the NIP projects and the
results of the assessment. Further details of the NISMOD-LP modelling system and the
accompanying NISMOD-DB national infrastructure database and visualisation tools, can be found in:
Hall, J.W., Tran, M., Hickford, A.J. and Nicholls, R.J. (2016) The Future of National Infrastructure: A
System of Systems Approach, Cambridge University Press.
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Introduction
This report presents the results of a collaboration between members of the Infrastructure
Transitions Research Consortium (ITRC), with Infrastructure UK (IUK), using tools developed by ITRC
to assess the benefits of investment in the National Infrastructure Plan (NIP). This study was funded
by EPSRC through Impact Acceleration Account awards to the universities of Oxford, Southampton
and Newcastle.

1.1

Background to the NIP and the pipeline

The National Infrastructure Plan (NIP)1 was first published in
2010, setting out the challenges facing UK infrastructure, and
outlining the Government’s vision and approach for the key
economic infrastructure sectors of energy, transport, water,
waste, communications, flood defence, and science. Since then,
the NIP has been revised annually, continuing to develop and
refine its approach in response to investors and other
stakeholders, to ensure the NIP is a maturing, integrated plan
for UK infrastructure provision.
The NIP is supplemented by the infrastructure pipeline, which
sets out details of major commitments for investment in
important infrastructure projects to 2020 and beyond. In the
NIP 2014, this pipeline consisted of around 550 infrastructure
projects and programmes with a total budget of £466 billion for
the next decade. As projects are completed, the pipeline is
updated, and in 2015 the pipeline consisted of 560 projects and programmes with a budget of £411
billion. Further details of the NIP pipeline are given in Section 3.

1.2

Background to ITRC and NISMOD

The ITRC is a collaboration of scientists, engineers, economists and social scientists, funded by the
UK’s Engineering and Physical Sciences Research Council (EPSRC) to analyse the long-term dynamics
of interdependent infrastructural systems. In academia, the consortium comprises seven universities
(Oxford, Cambridge, Newcastle, Leeds, Cardiff, Southampton and Sussex), supported by more than
60 partners in government and industry2.
The programme has developed and demonstrated a new generation of system simulation models
and tools to inform analysis, planning and design of national infrastructure. The research
programme has assessed energy, transport, water, waste and ICT systems at a national scale3,
developing new methods for analysing their performance, risks and interdependencies.
The ITRC programme has provided a virtual environment in which to test strategies for long-term
investment in infrastructure and to understand how alternative strategies perform with respect to

1

Further documentation on the National Infrastructure Plan can be found at
https://www.gov.uk/government/collections/national-infrastructure-plan
2
For more information, and access to other ITRC publications, visit www.itrc.org.uk
3
ITRC outputs have focused on Great Britain (GB), comprising England, Scotland and Wales
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policy constraints such as reliability and security of supply, cost, carbon emissions, and adaptability
to demographic and climate change. The assessment of the NIP pipeline presented here is one
example of how this virtual test environment can be adapted to assess a particular range of
infrastructure investments.
A major output from the ITRC programme has been the development of a series of pioneering
models, known collectively as the National Infrastructure System Model (NISMOD) family, with a
supporting database, as well as visualisation and reporting tools. There are four main components to
the NISMOD suite, as follows:

NISMOD-LP
A national model of the long-term performance
of interdependent infrastructure systems
NISMOD-RV
A national model of risk and vulnerability in
national infrastructure systems
NISMOD-RD
A model of regional development and how it
adapts to infrastructure provision
NISMOD-DB
A national database of infrastructure networks,
demand and performance
The assessment of the performance of the NIP investments was undertaken with NISMOD-LP (LP for
Long-term Performance), which combines national scenarios of population change, economic
growth and climate change with detailed modules of the capacity of energy, transport, water, waste
and ICT sectors. This allows assessment of the amount of service that could be delivered by a given
set of investments, the cost and associated impacts. In the assessment of the NIP, our focus has
been upon energy (electricity and gas), transport (road and rail) and water supply only. Further
details of the socio-economic scenarios are given in Section 2.3.
NISMOD is underpinned by a unique database architecture populated by several hundred national
infrastructure network datasets (NISMOD-DB). As well as hosting all the necessary infrastructure
data, NISMOD-DB hosts the results of each step in the modelling process, manages the information
flows and provides an audit trail for the provenance of results. NISMOD-DB also enables visualisation
of the data and simulations held in the database, using bespoke visualisation tools which were
further developed as part of this collaboration.
A further overview of the NISMOD suite is given in Section 2.1, and details of how the reporting and
visualisation tools have developed is given in Section 2.6.

1.3

Objectives of the study

The study is intended to inform the work of the Major Infrastructure Tracking (MIT) team within IUK
by conducting an assessment of the potential impact of the latest national infrastructure pipeline, as
set out in the 2014 National Infrastructure Plan. The MIT’s work has focused upon the cost, finance,
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timing and implementation of the national infrastructure pipeline, with less explicit analysis of the
system performance benefits that would be achieved by investing in these infrastructures.
Assessment of benefits will have been carried out in individual project appraisals, but to date, the
MIT has not had access to evidence about the future performance of infrastructure investments at a
system scale. NISMOD-LP provides that evidence, in terms of a consistent set of metrics and based
on a consistent set of assumptions. Throughout the collaboration, any ambiguities or gaps in the
pipeline data were verified through consultation with IUK officials. The aim of the study therefore is
to provide evidence of the impacts and performance benefits of investment in the national
infrastructure pipeline, compared to the counterfactual in which no investment takes place.
The pipeline was updated during the collaboration, resulting in the inclusion in this assessment of a
revised 2015 pipeline list; an overview of those projects included in the assessment is given in
Section 3 with further details given in Appendix B.
The pipeline assessment includes results across the energy, transport and water sectors, testing and
comparing the impact of the NIP pipeline projects with a ‘No Build’ future, in which the investments
set out in the NIP pipeline are assumed not to have been undertaken (although projects under
construction at the outset of the study were assumed to have been completed). The results are also
compared across three contrasting socio-economic future pathways, with different levels of growth
in population and the economy. For the water sector, further analysis of the effect of climate change
scenarios was also undertaken.
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Using NISMOD-LP to assess the NIP pipeline
This section gives an overview of the NISMOD suite, and focuses on the assessment process using
the sector models and scenarios of future change embedded within NISMOD-LP.

1.4

Overview of the NISMOD suite

Figure 1 shows the overall design of NISMOD-DB. In addition to the database itself, it also has a
series of related extension modules for analysis and visualization. The database also links to the
modelling software of NISMOD-LP (the modelling of the long term capacity and demand of critical
infrastructure systems) and NISMOD-RV4 (the modelling of interdependent infrastructure systems
risk and vulnerability). NISMOD-DB is able to represent the spatial (geographic/location)
characteristics of infrastructure systems as well as their aspatial properties.

Figure 1: Overall organisation of the NISMOD-DB spatial database, analysis and visualisation framework

In the database, tables are organized and grouped in terms of their use within ITRC and then in
terms of infrastructure system. In the case of the long term capacity/demand modelling of NISMODLP, standard relational tables representing the required inputs and results of the modelling
undertaken are stored and organised by economic, population (demographic), energy, water (clean
and waste), transport and solid waste sectors.

1.5

Assessment framework

The assessment framework for the IUK collaborative study is based on that used throughout the
wider ITRC assessment, and is shown in Figure 2.

4

NISMOD-RV is not used in this assessment; outputs from a series of risk-based assessments can be found at
www.itrc.org.uk
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Figure 2: Overview of the NIP assessment framework

The assessment is designed to compare the impact of the NIP pipeline investments with an
alternative ‘No Build’ future where such infrastructure investments are assumed not to have
happened5. These alternative investment strategies can be assessed for different growth scenarios
of demographic, economic, and climate change, which are considered to be exogenous inputs to the
suite of models within NISMOD-LP.
A summary of the NIP pipeline and parameterisation process is given in Section 3.

1.6

Socio-economic scenarios

An important part of the ITRC programme was the development of a series of detailed geographical
population growth scenarios, based on the Office for National Statistics (ONS) population
projections6. National Population Projections are available, together with variant projections based
on alternative assumptions of future fertility, mortality and migration.
In view of the uncertainties associated with longer timescales, these projections have been refined
to provide an extended set of spatially explicit demographic projections of the British population
over the next century, where the three broad drivers of long-term demographic change are
characterised as the level of economic prosperity, social attitudes to sustainability, and the political
effects of isolation (in particular the importance of spatial political integration and international
migration policies).

5

Note that infrastructure projects completed prior to the study were included in this ‘No Build’ future.
Further details of ONS National population projections can be found here:
http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2012-based-projections/
6
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For the subsequent analyses, three scenarios are assessed which represent two extremes of change,
together with a ‘central’ growth scenario. Each population scenario has different implications for
rates and locations of population change, as shown in Figure 3. For instance, the highest growth
scenario assumes high levels of migration, as prosperity increases and isolationism decreases.
However, much of this growth is in the regions around London, rather than concentrated within the
capital. The Central growth scenario has lower levels of migration coupled with higher birth rates,
resulting in more London-centric growth.

Figure 3: Change in population for High, Central and Low growth scenarios between 2004 and 2100

Each of the demographic scenarios is then coupled with an associated economic growth scenario7,
dependent both on these regional population changes and changes to global economies and fossilfuel costs. These economic scenarios give a range of Gross Domestic Product (GDP) and employment
profiles, together with regional and sectoral8 breakdown of Gross Value Added (GVA).
Thus, the scenarios are characterised as follows:
High growth: High population variant, with the GB population approaching 100m people by 2050;
high rate of global economic growth9; low energy costs.
Central growth: Broadly, a ‘central’ population projection, with the GB population growing to almost
80m in 2050; central global economic growth10; central energy costs.

The economic projections use the Multi-sectoral Dynamic Energy-Environment-Economy (MDM-E3) model, which projects key indicators
(such as output, prices, employment and components of demand) separately for each industry sector and region.
8 Sectors are: Public services, Private services, Construction, Utilities, Manufacturing, and Agriculture & mining
9 High global economic growth: average 4% pa over 2010-20, rising to 5-6% over 2020-50
7
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Low growth: Low population variant with initially slow growth followed by mild decline, resulting in
almost no change in GB population in 2050; global economic growth11; high energy costs.

1.7

Summary of sector models

Each of the sector models in NISMOD-LP that are used in this assessment (comprising energy,
transport and water) is briefly described below.

1.7.1 Energy
For energy, coupled spatially explicit models of demand and supply are employed in this analysis of
the NIP energy system investments, as shown in Figure 4. The analyses focus on the two major
energy carriers, electricity and gas, with significant network infrastructures both in the context of
current and future energy systems in Great Britain.

Figure 4: Schematic of the energy modelling framework and inter-model data-links

The energy modelling framework contained in NISMOD-LP couples eight separate models to provide
an analysis of the energy system in Great Britain and its alternative futures. Residential, services and
industry sector energy consumption, as well as electricity and gas peak loads, are estimated by
bespoke models. Transport energy consumption is modelled from transport services demand
estimated by the transport model described below. Electricity supply analysis is carried out with a
cost optimisation model, CGEN+ (Combined Gas and Electricity Network model). The CGEN+ model
has been validated and reproduces the characteristics of today’s energy supply and transmission

10
11

Central global economic growth: average 3.5% pa over 2010-20 and 4-5% pa over 2020-50
Low global economic growth: average 2% pa over 2010-20 and growth of 3-3.5% pa to 2050

10

An assessment of the UK National Infrastructure Pipeline
infrastructure in Great Britain and has been extensively compared with alternative longer term
energy scenarios.

1.7.2 Transport
The transport model forecasts transport demand (and its relationship with transport capacity) by
road and rail within and between 144 zones (based on local authorities) covering the whole of Great
Britain. The model uses a set of elasticities to adjust demand and capacity utilisation levels, based on
changes in both exogenous (population, GVA and energy costs) and endogenous (fuel mix, fuel
efficiency, speed/delays, and actual and effective infrastructure capacity) variables.
The model is made up of six simulation sub-models, covering inter-zonal (between zones) and intrazonal (within zones) road and rail traffic, as well as air passenger and seaborne freight traffic. Interzonal traffic is allocated to an infrastructure system made of single aggregated links connecting each
pair of adjacent zones, with intra-zonal traffic modelled at the aggregate level. The model differs
from most aggregate transport models in that it neither contains nor imputes an origin-destination
matrix, as the key point of interest is the volume of traffic on particular links or within individual
zones. The model does not include urban congestion disaggregated by road link or detailed
consideration of urban public transport systems.
Capacity enhancements are specified in the model inputs prior to the commencement of a model
run. Exogenous changes in population, the economy and fuel costs are taken from the set of
scenario files detailed in Section 2.3. The model produces forecasts on a yearly basis for the period
2011-2100, but considers much smaller time intervals during the forecasting process (for example to
allow a more accurate representation of road congestion). The model generates outputs giving
demand, infrastructure capacity utilisation, carbon emissions and fuel consumption for each mode
and each time step.

1.7.3 Water supply
The water supply systems model relies on a simplified reconstruction of the existing regional water
resource management arrangements in Britain. Every area in the model falls within a water resource
zone (WRZ). Due to the large size of the territory managed by Scottish Water the company’s ‘megazones’ are treated as WRZs.
Simple sub-models capturing the hydrology and the water availability of each WRZ are implemented
to determine values for potential water yield (deployable output), as shown in Figure 5. The submodel components include river intakes, reservoir intakes and groundwater, with each component
present or absent depending on what is reported by the water company for that zone. A single
reservoir and river intake are included in each WRZ and represent the summed dimensions of the
existing WRZ infrastructure. All increases in reservoir capacity are represented as an increase in the
capacity of the existing reservoir. Where river intakes and/or reservoirs are present, a relevant
catchment where river flows are gauged is identified from the National River Flow Archive12, with
recorded flow proportionally adjusted to the representative river intake flow or reservoir watershed
on the basis of sub-catchment area. Reservoirs are modelled as a single storage location with

12

For further details of the National River flow Archive, see here: http://www.ceh.ac.uk/data/nrfa/
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maximum capacity set to the total capacity for reservoirs in the WRZ. Where a river and reservoir
both exist, the operating rule is to remove as much as possible from the river within licenced
conditions and, where this is not greater than yield, to remove deficit water from the reservoir.
Groundwater is taken as a steady state input which is subtracted from yield. The maximum
sustainable yield is determined as the maximum abstraction which can be removed from the system
without causing a breach of the lowest return period level of service for the WRZ.

Figure 5: Methodology used to generate the water yield estimates for each water resource zone

Demand for each WRZ is the sum of domestic and non-domestic demand. Domestic demand for a
WRZ is determined by multiplying the projected population of the WRZ in the given socio-economic
growth scenario by the average per capita water demand (PCD) for the WRZ. A range of possibilities
for PCD can be adopted, dependent upon the scale of demand management efforts. Non-domestic
demand is calculated as a percentage of domestic demand for a given WRZ based on the regional
break-up of non-domestic demand and the industrial and agricultural activity in the WRZ.

1.8

Reporting metrics

A number of metrics are used to evaluate the use of infrastructure systems, and the impact that
investments in new infrastructure might bring. Those used in this report are summarised in Table 1.
For energy and water supply, we have developed projections of infrastructure service delivery, i.e.
the amount that the infrastructure system is projected to be used. Services delivered are calculated
by sector specific models and are therefore measured by sector level metrics as follows: energy
(MWh/yr), water supply (ML/yr), and transport (vehicle km/yr).
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Table 1: Metrics used in this report

Units

Energy
Electricity capacity
Electricity peak load
Gas capacity
Gas demand

GW
GW
mcm/day
TWh

Transport
Traffic flows (links)
Road vehicle km
Traffic speed
Interzonal rail traffic
Rail delay index

PCU (passenger car units)
mn vehicle km
km/h
Number of trains
No units

Water
Water demand
Supply-demand balance

ML/yr
ML/yr

Cross-sector
Carbon emissions

MT

Whilst ‘Service Delivered’ is an interesting metric in its own right, it is more informative to decisionmakers when combined with a metric of system capacity. By comparing these two quantities i.e. the
amount of infrastructure service that a system can deliver (Capacity) with the amount that it is
projected to actually deliver (Service Delivered) we generate a non-dimensional metric of Capacity
Margin. Capacity Margin is defined as the ratio between total available capacity and service
delivered:
!"#"$%&' )"*+%, =

!"#"$%&' − /0*1%$0 203%10*04
. 100%
/0*1%$0 203%10*04

Capacity Margin assesses the difference between available capacity and demand at a given time for
a given sector, representing security of supply and system redundancy. Capacity Margins are a welldeveloped approach traditionally used in energy demand and water supply.
The concept is less familiar in the context of transport; because of the need for spatial averaging in
the transport sector, this metric is adapted to represent Capacity Utilisation, which measures the use
of each link/node in the transport network. The Capacity Utilisation of each link/node is the
predicted throughput (in terms of vehicles per hour, trains per hour) as a percentage of the
maximum capacity of the link/node for the given infrastructure configuration. The aggregate figure
is the passenger-weighted combination over all links/nodes. The aggregate figure for the whole
transport system is the passenger-weighted combination over the two networks considered,
accounting for mode share (road ~90%, rail ~10%). Given the fairly stable modal split we assume that
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this split does not change dramatically in the future. Alternative scenarios might explore modal
switching, possibly up to 15% on rail.

1.9

Development of the reporting tool

NISMOD-DB has been explicitly designed and developed for the storage of all NISMOD-LP data,
including all model inputs and outputs. This ensures that the NISMOD-LP models are parameterised
in a consistent manner in terms of inputs (e.g. demographic and economic data). It also provides a
mechanism by which the provenance of results produced from NISMOD-LP can be tracked. Such
high-level management functionality of NISMOD-DB has been augmented with a novel reporting
tool and associated reporting tables within NISMOD-DB. Reporting tables are populated from the
main output tables when a model run is completed. The web enabled reporting tool then
dynamically links to the required reporting tables in NISMOD-DB allowing real time querying and
reporting of the result-sets generated.
Within the reporting tool, results for individual infrastructure sectors can be displayed through a
range of specific metrics. Added functionality enables the representation of certain sector results in
terms of a sub-national level geography such as in Figure 6 where the value of electricity generated
by the wastewater sector for each government level region is shown.

Figure 6 Example output showing the value of electricity generated by the wastewater sector in 2031 for
each government office region

In order to model the NIP, a number of further developments to the NISMOD reporting tool were
required. The significant NIP-related developments undertaken were:
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•
•

Key date overlays: to allow for key dates, such as when capital investments were due to
take place, to be overlaid onto charts to ease interpretation of results.
New sector-specific metrics: new metrics that more closely correspond to those used by IUK,
such as capacity utilisation of roads (as a match to capacity utilisation of motorways).

Key NIP date overlays were added as a standard feature to all single-sector plots. These took the
form of the ability to overlay a dotted line for each of the years when NIP-related investments were
planned, allowing their impact in terms of the particular sector projections under investigation to be
assessed (an example of this feature can be seem in Figure 9). For mapped results at a sub-national
level the ability to more clearly present the areas directly affected by the NIP projects was added
allowing the spatial impacts of investments to be ascertained (Figure 7) while for charts, alternative
versions were generated to distinguish between affected and unaffected areas.

Figure 7 Example output showing the percentage traffic change from baseline levels for traffic zones in 2044,
with highlighted zones those affected by investments

To allow for a greater understanding of the results from the NIP analysis new metrics were
introduced which better matched those used by IUK for the assessment of sector performance. One
such example is the creation of a capacity utilisation metric for transport sectors (i.e. road, rail, air
and sea) to achieve a similar set of metrics as those used by IUK to assess the utilisation of transport
capacity. These new metrics were generated by developing a post-modelling set of database
functions that derived the new metrics and recorded them within the NISMOD-DB reporting tables;
thus, the metrics were added without changing any of the NISMOD-LP models or the raw output
tables. These additional metrics allow for comparisons to be made to previous work undertaken by
IUK and thus increase relevance and potential impact.
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The NIP pipeline
The infrastructure pipeline provides a bottom-up assessment of planned investment in
infrastructure, across both the public and private sectors. The pipeline enhances visibility and
certainty for investors and the supply chain and allows government to plan more effectively to
ensure that the UK’s current and future infrastructure needs are met.
The pipeline includes large capital projects and programmes of investment worth £50 million or
more. Programmes represented in the pipeline may consist of a number of smaller projects grouped
together. These are often rolling investments, such as national programmes of ongoing repair and
maintenance of our utilities networks and regional flood defence programmes.
The pipeline provides a strategic overview of the level of planned infrastructure investment. The
pipeline is not a statement of need or a commitment to undertake all of the projects shown. The
publicly funded elements of the infrastructure pipeline represent announced projects. In privately
funded sectors, the decision to go ahead with individual projects will be determined by the market.
However, the pipeline for regulated sectors is consistent with regulatory settlements, where agreed.
To support delivery of its objectives in each sector, since 2011 the government has set out its ‘Top
40 priority infrastructure investments’. This allows the government to focus on the delivery of those
investments which either make the most significant contribution towards achieving a particular
objective or carry the most risk should they fail, both strategically and in value for money terms.
Given the scale of the government’s infrastructure commitments, the Top 40 is necessarily diverse
and spans both the public and private sectors, and includes projects both currently under
construction and some which are still in the scoping stages, with delivery milestones stretching
beyond 2020.
Top 40 priority investments, are selected on the basis of three main criteria:
•
•
•

potential contribution to economic growth
nationally significant investment that delivers substantial new or replacement infrastructure
with enhanced quality, sustainability and capacity
projects that attract or unlock significant private investment.

1.10 Summary of the current pipeline portfolio
The value of the refreshed 2015 infrastructure pipeline is £411 billion, consisting of projects and
programmes from within the Energy, Transport, Waste, Flood Defence, Communications, Water and
Science and Research sectors, as set out in Table 2, along with some key statistics about the pipeline.
This study has focused on energy, transport and water, which represents over 90% of the overall
investment, but NISMOD-LP is also capable of modelling changes to the solid waste and wastewater
systems. In the NIP pipeline, there are 16 projects related to solid waste (an investment value of
£1bn) ranging from the building of specific assets (seven energy-from-waste plants are listed), and
investments in longer-term contracts for regional waste disposal. There are also programmes
relating to sewage services as part of the Asset Management Programmes (AMP6) for ten water and
sewage companies. Due to the short timescale of this study, these projects were not included in the
assessment.

16

An assessment of the UK National Infrastructure Pipeline
Table 2: The National Infrastructure Pipeline 2015 investment summary

Sector

Pipeline value
(£bn)

Communications
Energy
Flood
Science and Research
Transport
Waste
Water
Total

7.0
244.9
3.5
1.4
127.4
1.0
25.7
411.0

Number of
projects/
programmes
6
158
27
26
302
16
29
564

Number in
priority list
4
65
27
6
88
0
29
219

Some key statistics regarding the pipeline are as follows:
•
•
•

•
•
•
•
•

The pipeline annual spending figures are expected to average around £48 billion over the
next 5 years (2015-2019)
There are 564 projects and programmes in the pipeline (265 programmes and 299 projects)
£264 billion (64%) of the pipeline is expected to be funded solely by the private sector.
Private sector funding comes from a range of sources, including i) user charges and ii)
external financing contributions
£46 billion (11%) of projects have mixed private/public funding, with the remaining £101
billion (25%) of the pipeline publicly funded (by taxpayers)
The two largest sectors, Energy (£245 billion, 60%) and Transport (£127.4 billion, 31%)
account for 91% of the pipeline’s total value
60% of the projects and programmes within the pipeline are either in construction or part of
an active programme
£199 billion (49%) of projects and programmes are monitored as part of the government’s
Top 40 priority infrastructure investments
53% of key projects and programmes within the Top 40 priority infrastructure investments
are either in construction or part of an active programme

1.11 Analysing the pipeline in NISMOD
In order to begin the assessment of the National Infrastructure Pipeline, it was first necessary to
determine which of the projects could feasibly be incorporated into the assessment. The process is
slightly different for each of the sectors, but a general overview of the process is shown below,
outlining the three main stages involved in the basic parameterisation.
Stage 1: Identification of project types which can be parameterised within NISMOD
Not all projects in the NIP pipeline can be parameterised within NISMOD; generally those projects
that add capacity (generation capacity for energy, new road lanes and rail track km for transport,
changes to the water supply system) can be included; projects that fund buildings (e.g. station
improvements) rather than infrastructure network assets are excluded from these analyses, as are
those that are focused on maintenance or research.
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Stage 2: Prioritisation of acceptable projects
Due to the fact that some smaller investments are likely to have minimal impact on a national scale,
it was decided to only including the ‘Top 40’ priority projects and high investment projects where
applicable. For energy, transport and water, all ‘Top 40’ projects are included in the assessment
(where they can be translated into NISMOD inputs). For transport, some of the higher impact
projects outside the Top 40 are also included.
Stage 3: Translation of project details to NISMOD inputs
The final stage of parameterisation involved determining the specific input variables in NISMOD that
needed to be modified to reflect the NIP changes to each of the networks. Examples for energy and
transport are given in Appendix A.

1.11.1 Energy
For energy, the No Build strategy includes all current and ‘in construction’ generation capacity as
well as any planned decommissioning as per the published DECC schedule. The NIP strategy includes
the ‘No Build’ existing energy supply and transmission assets plus all projects provided by IUK in the
2014 and 2015 National Infrastructure pipeline listings. These projects amount to around 25GW of
additional generation capacity at a cost of around £44bn with an additional 8.7GW of capacity being
provided through new interconnectors with Europe (Table 3). A more detailed list of the energy
generation projects is provided in Appendix B.

Table 3: Summary of new energy generation infrastructure projects in the 2014 and 2015 NIP

Generation type
Wind
Nuclear
Interconnectors
CCGT
Biomass
CCS
Energy from Waste
Solar

Total cost
£13.2bn
£26bn
Not given
£1,345
£2.3bn
Not given
£946
£39m

Capacity
9.5 GW
9.4 GW
8.7 GW
2.8 GW
1.5 GW
784 MW
157 MW
39 MW

Lifespan
30 years
60 years
40 years
30 years
30 years
30 years
30 years
30 years

The timing of the additional of 33GW of capacity in the NIP can be seen through a comparison of
Figure 8 and Figure 9. Figure 8 presents the generation capacity in the No Build strategy by year
while Figure 9 presents the NIP strategy which includes the additional 33GW summarised in Table 3.
It should be noted that the steep decline in generation capacity in 2035 represents an unrealistic
scenario; it is not expected to happen in practice as the NIP also contains a significant budget for
additional generation projects beyond 2030 that have yet to be defined, and so are not included in
this assessment.
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Generation capacity
falls in 2035 as a result
of decommissioning

Figure 8: Generation capacity in the No Build scenario which includes all current and ‘in construction’
capacity and any planned decommissioning

The gap in generation
capacity beyond 2035
will be filled by future
projects not yet defined
in the NIP pipeline

Figure 9: Generation capacity in the NIP scenario which includes all existing infrastructure assets in the No
Build scenario plus the addition of the 33GW in the 2014/15 NIP. The dotted red lines represent the years in
which new infrastructure is scheduled to be built in the NIP
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1.11.2 Transport
In the transport assessment, there are 24 of the 32 ‘Top 40’ road-based projects in the NIP that can
be translated into NISMOD-LP model inputs. There are 6 of the 10 Local Authority Major projects
and 18 of the 22 Highways England Major projects. The model also assesses a further 29 road-based
projects outside the ‘Top 40’, including 12 Smart Motorway projects. A full listing of projects
included in the assessment is given in Appendix A.
Project types that are not included in the assessment are those concerned with metro systems
(which are currently not represented in NISMOD-LP), junction improvements and general
maintenance programmes and smaller scale local projects outside the Top 40 priority list which
would have little impact on a national scale.
Table 4 gives an overview of the additional lanes between zones which are assumed to be built as a
result of the NIP investments, together with the number of additional lane kilometres within zones
Table 4: Road lanes and lane km added in this assessment

Motorway
Dual carriageway
Single carriageway
Total

Motorway
Rural A dual
Rural A single13
Rural minor
Urban dual
Urban single
Total

Inter-zonal flow lane (links)
Base model
NIP additions
869
38
1,431
16
1,713
-2
4,013
52
Intra-zonal lane km (zones)
Base model
NIP additions
21,219
996
20,082
742
61,224
-73
425,362
30
11,635
51
266,391
0
805,913
1746

Change
4.37%
1.12%
-0.12%
1.30%
Change
4.69%
3.69%
-0.12%
0.01%
0.44%
0.00%
0.22%

Thus, the NIP assessment aims to quantify the effect of adding 52 new inter-zonal flow lanes, which
is an additional 1.3%, and 1746 intra-zonal lane km (including 861km of managed motorway/all lane
running), which is an additional 0.22%.
For rail, all seven electrification projects are included in the assessment (as set out in Appendix A), as
well as an assessment of the impact of HS2, which is assumed to affect a small number of inter-zonal
rail links, as shown in Figure 10.

13

Negative values indicate where e.g. single carriageway roads are converted to dual carriageway.
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Figure 10: The inter-zonal links (red) affected by HS2

Phase 1 of HS2 is assumed to add 384 km of new high-speed track (192 km length, double track),
linking Britain’s busiest urban hubs. This increases the total length of the entire rail network by 1.2%.
Phase 2 is assumed to add a further 700km (a further 2.2%).

1.11.3 Water supply
The NIP projects and programmes listed under the NIP 2015 for the water sector consist primarily of
the investments over the next five years (2015-2020) contained in each of the water companies’
Water Resource Management Plans (WRMPs) for Asset Management Programme 6 (AMP6). The
only exception is the Thames Tideway Tunnel which is not modelled in this study and deals
principally with stormwater overflow and wastewater management. Included within each of the
WRMPs are estimates of population growth, changes in per capita demand, and levels of nonhousehold demand (agriculture and industry). In this assessment we use the consistent NISMOD
population scenarios (as described in Section 2.3 above) alongside water company projections of per
capita demand for each WRZ through to 2050. Also included in both strategies are a series of
‘sustainability reductions’ listed in each WRMP, which are reductions in licenced water withdrawals
that have been mandated by the UK government through the Environment Agency (Table 5). Our
results have assumed that the yields of each affected WRZ have been reduced by the full amount
attributed to the sustainability reductions. However, not all of these sustainability reductions will
necessarily result in decreases in supply, as not all abstraction licenses are currently being fully
exploited. Having said this each water company must consider the sustainability reductions in their
future investment plans and thus we have included them in full in our modelling results.
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Table 5: List of Sustainability Reductions by Water Company and Water Resource Zone (WRZ) including the
year reductions commence and their quantity

Company

WRZ

Anglian
Anglian
Anglian
Anglian
Anglian
Anglian
Anglian
Anglian
Bristol
Cambridge
Portsmouth
Severn
Severn
Severn
South East
South Staffs
South West Water
Southern
Thames
Thames
United
United
Welsh Water
Wessex
Yorkshire

East Lincolnshire
Hunstanton
Fenland
Ely
North Norfolk Coast
Norwich and the Broads
West Suffolk
Newmarket
Bristol
Cambridge
Portsmouth
Grid
North Staffordshire
Shelton
WRZ4
South Staffordshire
Roadford
South
SWOX
London
West Cumbria
Integrated
Brecon Portis
Wessex
Grid

Start
Year
2025
2025
2025
2025
2020
2020
2025
2025
2015
2020
2020
2020
2025
2025
2020
2020
2020
2020
2018
2020
2022
2020
2015
2018
2018

Reduction
(ML/year)
13505
475
7300
548
475
18944
3577
913
3687
1643
2190
16425
365
10585
2489
3650
2540
39055
4015
3285
13688
1825
172
9490
986

Each of the WRMPs were searched for any major investments designed to enhance yield
(summarised in Table 6). These investments constitute the only difference between the No Build and
NIP strategies presented in this analysis. The total expected yield from these investments amounts
to approximately 132,900 ML/year or around 18% of the total estimated yield for 2015. The majority
of these investments are in leakage reduction which will provide an increase in 71,680 ML/year of
water supplied to end-users, which amounts to around 6% of estimated total leakage in 2015.
Table 6: Summary of projects and their potential yield extracted from each of the water company’s Water
Resource Management Plan

New abstractions
Licence variations
New reservoir
Leakage reduction
Transfers
New groundwater
Total

No of projects
3
2
1
28
6
2
42

Total exp. (£m)
73+
5+
103
260+
2+
6+
449

Yield (ML/yr)
23,140
7,700
5,950
71,680
22,460
1,970
132,900
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Analysis of the performance of the NIP pipeline
1.12 Energy
In addition to the NIP investments and ‘No Build’ (NB) comparison, which have already been
introduced, we also report an investment strategy referred to as ‘Minimum Intervention’ (MI) in the
energy modelling. The Minimum Intervention (MI) strategy has been modelled using the CGEN+
model’s optimisation capability to plan a ‘least cost’ approach to maintaining capacity margins. On
the demand side, the MI strategy assumes minimal energy efficiency, conservation and fuel
switching in the energy system. This represents a strategy of meeting both gas and electricity
demands at minimum costs without regard for considerations such as carbon emissions or energy
security.
Modelled demand for gas and electricity is focused upon ‘peak load’ demand and calculated from
future projections of population and economic growth and their impacts on residential, services,
industry and transport demand for energy. The projected peak load demand for electricity under the
low, central and high socio-economic growth scenarios is presented in Figure 11. Estimated
transitions towards newer and more efficient technologies are responsible for the curved inflections
in these peak demand graphs.

Increases caused by population
change are limited by
transitions towards newer and
more efficient technologies

Figure 11: Estimated NIP pipeline peak load demand for electricity under the low (green), central (blue) and
high (red) socio-economic growth scenarios

1.12.1 Electricity
The ability of each of the three strategies to meet this future demand for electricity can be captured
using the ‘capacity margin’ metric (described in Section 2.5) which represents the percentage of
capacity available over and above the estimated peak load. A capacity margin below zero suggests
that the generation capacity for a strategy will not be able to meet peak demand in that year.
The capacity margins for each of the three strategies in the central socio-economic growth scenario
is presented in Figure 12. The sudden drop in 2035 for the ‘no build’ and NIP strategies is due to

23

An assessment of the UK National Infrastructure Pipeline
reduction in generating capacity at the end of the life of existing plant, given that further
investments have not yet been specified beyond that date. The diagram suggests that current
capacity (No Build) will not be able to meet peak demand beyond around 2024. The NIP projects
provide a capacity margin of close to 20% until 2035 when new generation projects that have yet to
be defined in the NIP should provide additional capacity. By design the minimum intervention
strategy maintains the capacity margin above 20% for the modelled period.

Figure 12: Capacity margin (central growth scenario) for the No Build (red), NIP (blue) and Minimum
Intervention (green) strategies

Figure 13 presents the capacity margin for the NIP projects under the low, central and high socioeconomic scenarios. This diagram suggests that a higher population scenario could result in a much
lower capacity margin, but that the NIP projects should still be able to meet modelled demand up to
2030.
There are a number of important points to be considered in the modelled capacity margins
presented here. Firstly, the NIP projects include a significant amount of new wind generation
capacity. As is customary in energy modelling, wind generation facilities are de-rated to 15% of their
maximum capacity when calculating the capacity margin in order to account for the intermittency of
energy supplies from wind. Secondly, the decommission dates of existing plants in each of the
strategies represented in these diagrams are those provided by DECC (See Appendix A). However,
each of these plants could feasibly be maintained beyond their reported decommissioning date if
required and if such an option proves cost-effective.
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Figure 13: Capacity margin for the NIP projects under the low (green), central (blue) and high (red) growth
scenarios

A further final caveat worthy of note is that the capacity margin results presented in Figure 12 and
Figure 13 above are based on a conservative set of assumptions about the uptake of electrification
of heat and transport. In an alternative demand strategy titled ‘electrification of heat and transport’
we test the impact of a more highly electrified future in the NIP projects. Figure 14a and 15b present
this alternative demand future contrasted with the ‘standard assumptions’ for a central socioeconomic growth scenario (shown in Figure 12 and Figure 13). The key differences appear to involve
a significant increase in peak demand over the entire period when the electrification of heat and
transport is included, which is reflected in Figure 14b as a concomitant decrease in the capacity
margin estimated for the NIP projects. Such a result suggests that any anticipated policy promoting
the electrification of heat and transport may need to include the provision of additional electricity
generation capacity.

(a)

(b)

Figure 14: (a) Contrasting the ‘standard assumptions’ energy demand (red) with the estimated demand from
the alternative 'electrification of heat and transport' demand strategy (blue) and (b) the effect of these
alternative demand strategies on the capacity margin for the NIP projects (central growth scenario)
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1.12.2 Gas
The NIP projects do not include any increase in gas capacity. The gas supply capacity for Great Britain
is presented in Figure 15 showing the only change being a gradual decrease in domestic supplies
over time. The estimated demand for gas supplies over the same period under the low, central and
high socio-economic scenarios is shown in Figure 16.

Figure 15: Gas supply capacity in Great Britain showing domestic supply (blue), gas imported by pipelines
(grey) and imported LNG liquefied natural gas (green)
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Figure 16: Total demand for gas supplies for the low (green), central (blue) and high (red) socio-economic
growth scenarios

To evaluate the ability of the current unenhanced gas supply capacity to meet long term demand we
calculate a gas capacity margin which provides the capacity above peak demand, excluding storage.
Despite the decline in domestic gas supplies the current gas infrastructure is able to ensure sufficient
capacity in the gas network over the period from 2015 to 2040 without new capacity investment,
under all growth scenarios, as shown in Figure 17. Only in the high-growth scenario is there a danger
of the gas capacity margin dropping below zero beyond 2040.

Figure 17: Capacity Margin for gas supplies from the NIP strategy under the low (green), central (blue) and
high (red) socio-economic growth scenarios

Note that the stepped increases and decreases in demand for gas shown in Figure 17 and 18 are a
result of the CCGT demand for gas in the production of electricity. The dramatic shifts in use of CCGT
are in part due mostly to commissioning and decommissioning of plants but also in part due to the
switching of electricity generation between different generator types due to the workings of the cost
minimisation algorithms used by the energy supply model.

1.12.3 Greenhouse gas emissions
A final means by which the NIP projects can be assessed is in the estimated greenhouse gas
emissions produced by this strategy. Figure 18 provides these estimates for the No Build, NIP
projects and Minimum Intervention strategies. From this perspective the NIP projects can be seen to
provide significant improvements over the least cost Minimum Intervention strategy. The decline
beyond 2035 reflects the decommissioning of plants (and consequent negative capacity margin)
beyond that point (as shown in Figure 8 and Figure 9). The actual anticipated emissions beyond that
point will depend on the nature of the new supply infrastructure that is built in the meantime. Note
that embodied carbon is not included in these analyses which would increase the carbon costs of all
save the No Build strategy.
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Figure 18: Greenhouse gas emissions (central growth scenario) for the No Build (red), NIP (blue) and
Minimum Intervention (green) strategies

1.13 Transport
Changes to the transport infrastructure are necessarily spatial in nature; additional motorway lanes
and railway tracks have start and end points. For projects involving motorway widening and hardshoulder running, these are additional lanes alongside an existing link, whereas for HS2 these are
newly built railway tracks. These new transport infrastructures are represented in NISMOD as
additional lanes or tracks between neighbouring zones, or between a series of neighbouring zones
for those projects which span a number of boundaries (such as large ‘smart motorway’ widening
schemes).
Although the transport model calculates the traffic flows within zones (inter-zonal), and between
zones (intra-zonal), it was originally designed to display aggregate change at a national scale, but the
largely local nature of the investments in the infrastructure pipeline mean that such change might be
‘lost’ within the national picture. One resultant adaptation to the model and reporting tools was to
display results only for those links or zones affected by newly added infrastructure. Changes to the
use of the transport system are more visible using these distilled model outputs, and the following
analyses have used this facility where appropriate.
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1.13.1 Road transport
Figure 19 shows the growth in road traffic (in PCUs, passenger car units14) between neighbouring
zones where infrastructure has been added as part of the NIP pipeline, comparing those same links
without the additional lanes for No Build strategy (central growth scenario).

Figure 19: Inter-zonal traffic flow (affected links, central growth scenario) for No Build (red) and NIP (blue)

The reason for the growth in transport is due to latent demand; elasticities within the model imply
that demand is released when congestion levels are eased, as can be seen here. By 2030 there is 2%
more traffic (compared to No Build) using the network links where NIP investments are planned,
increasing to an additional 4.6% traffic in 2050.

14

A Passenger Car Unit represents the impact that a mode of transport has on traffic variables (such as
headway, speed, density) compared to a single car. Typical values of PCU are: private car (including taxis and
LGV) 1; motorcycle 0.5; bicycle 0.2; bus, HGV 3.5
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Figure 20: Road link capacity utilisation (central growth scenario) for No Build (red) and NIP (blue)

As can be seen from Figure 20, even though traffic levels have increased, there is a reduction in
capacity utilisation. From the definition of capacity utilisation (CU) for transport given in Section 2.5,
we would expect CU to decrease as capacity increases (e.g. double the number of lanes for the same
flow, CU is halved). Thus, additional lanes increase capacity, release latent demand, but still enable a
reduction in capacity utilisation. Reduced capacity utilisation at peak times implies reduced
congestion.
In regards to the impacts of local network changes within each of the affected local authority zones
(intra-zonal), Figure 21 and Figure 22 display a similar profile to the inter-zonal impact. The amount
of traffic increases slightly as more lane km become available for use (by 0.65% in 2030 compared to
No Build), but without affecting speeds (which are 4.3% higher for NIP affected zones than for those
same zones under a No Build future).
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Figure 21: Intra-zonal road vehicle km (affected zones, central growth scenario) for No Build (red) and NIP
(blue)

Figure 22: Intra-zonal road vehicle speeds (km/h, central growth scenario) for No Build (red) and NIP (blue)

1.13.2 Rail
A similar picture emerges when considering how wide-scale electrification, and the subsequent
opening of HS2, will impact on the rail network across these affected links. Figure 23 shows demand
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increasing in 2018 as electrification expands across the network15. The opening of Phase 1 of HS2 in
2026 provides capacity for a large number of extra trains, with a further increase in 2034 when
Phase 2 is assumed to open. Note that the rail model displays numbers of trains as opposed to
passenger numbers, since the base model is aligned to the timetabled rail service between zones.
The number of trains increases with demand (population growth), and it is assumed that there is
sufficient flexibility within the baseline timetable to provide such extra capacities in the No Build and
NIP futures.

Figure 23: Impact of HS2: Number of inter-zonal trains (central growth scenario) for No Build (red) and NIP
(blue)

Figure 24 shows an index of the expected delays (2010=1), where rail congestion is eased
considerably by the introduction of HS2.

15

Note that the introduction of electric trains is assumed to result in greater demand, and more trains. As a
result of the programme of rail electrification in the NIP pipeline, the amount of diesel used nationally reduces
by 35% by 2022, while electricity use increase over the same period.
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Figure 24: Impact of HS2: Index of rail delay for NIP (blue) and No Build (red) (central growth scenario)

1.14 Water supply
The socio-economic scenarios (high, central and low growth) outlined in Section 2.3 are employed to
assess the relative performance of the NIP projects. In addition, the possible impact of climate
change on water availability is assessed through the use of the Future Flows16 hydrological scenarios
for each WRZ. Of the 11 published Future Flows scenarios, examples of increasing, median and
decreasing water availability are identified (scenarios ‘afixh’, ’afixc’ and ‘afixk’, respectively) and
these are used in this study to represent high, central and low water flow scenarios17.
Incorporating the changes in demand from the WRMP (see Section 3.2.3) and the three main
population scenarios (for the central climate change scenario), a wide range of possible outcomes
are produced for Great Britain as a whole, from a reduction in demand in the low population/per
capita demand scenario to a 20% increase in total demand by 2050 in the high population/per capita
demand scenario (Figure 25).

16

For further information of Future Flows Hydrology, see here: http://www.ceh.ac.uk/services/future-flowsmaps-and-datasets
17
Note that although the three scenarios are differentiated based on their aggregated national water
availability levels (high, central and low), each has the potential of affecting individual companies differently
and not necessarily in the same direction as the national aggregate.
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Figure 25: Changes in demand for water for Great Britain under central climate and low (green), central
(blue) and high (red) population growth scenarios

The calculated water balance for Great Britain under the central population and climate scenario for
each year from 2015 to 2050 is presented in Figure 26. The water balance is calculated for each WRZ
as the water available for supply less the household and non-household demand and estimated
leakage in that WRZ. As shown in Figure 26, the NIP investments amount to an 18% increase in water
availability for Great Britain. This increase in supply is countered by a potentially larger decrease in
yield from reductions in water abstractions that are mandated to restore the aquatic environment
(‘sustainability reductions’) which amount to around a 22% decrease in supply levels by 2025. The
steady decline in supply-demand balance following 2025 is the result of population increases and
median level declines in water availability due to climate change.
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Figure 26: Changes in water supply-demand balance (supply less demand) for Great Britain under a central
population and climate scenario. Percentages in parentheses show the estimated percent change in water
supply resulting from the NIP investements and sustainability reductions

The positive national water balance shown in Figure 26 is not spread evenly over the nation. Figure
27 shows the water balance for each water company in 2030 in the No Build and NIP strategies
under the central population and central climate scenario. As shown, the NIP projects do much to
alleviate potential water shortages, with most companies showing a positive balance in the NIP
strategy in 2030 with the exception of Sussex and Essex which shows a slight negative balance. It
should be remembered that these figures do not necessarily reflect the total water available for
extraction, but rather the water available given the current and NIP infrastructure. Companies such
as Thames Water, Scottish Water and Dwr Cymru (Welsh Water) all have considerable potential for
increasing water supply through additional abstractions and the construction of more infrastructure
assets.

35

An assessment of the UK National Infrastructure Pipeline
Figure 27: A comparison of water balance (ML) in 2030 (central growth, central climate scenarios) for each of
the water company regions in the No Build and NIP strategies

Climate change is expected to manifest as changed patterns of average and extreme rainfall and
evaporation. Climate change therefore has the potential to increase or decrease water availability
for the various water company regions. When combined with expected population growth the
impact on available water can be substantial. Figure 28 presents the effects of both the NIP projects
and the sustainability reductions on total water balance in Great Britain under the combined
scenarios of low population with wetter climate, central population and central climate, and high
population with a drier climate. This diagram provides an insight into the large range of uncertainty
associated with socio-economic and climate change. By 2030 the water balance for Great Britain
could either be at a similar level to 2015 in the best-case scenario or 60% lower in the worst-case
scenario.

Figure 28: Water supply-demand balance (ML/year) for all of Great Britain showing both the NIP projects
and the sustainability reductions across three scenarios of low population wetter climate (green), through
central population and central climate (blue), to high population and drier climate (red)

As discussed earlier, climate projections of precipitation are highly uncertain, showing the potential
for both positive and negative change. Figure 29 provides a graphical representation of this
uncertainty through a presentation of the impacts on the water balance for each of the water
company regions in 2050 under the 11 Future Flows scenarios. The low, central and high climate
scenarios are the 4th, 3rd and 7th scenarios from the top left, as indicated.
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Central

Low

High
Figure 29: Water balance (ML) for each of the water companies in 2050 under the 11 Future Flows18 climate
scenarios for the central growth demand scenario (‘Low’, ‘Central’ and ‘High’ climate scenarios are
indicated, other scenarios have a range of characteristics)

18

For further information of Future Flows Hydrology, see here: http://www.ceh.ac.uk/services/future-flowsmaps-and-datasets
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Discussion and conclusions
Undertaking this collaborative study has demonstrated the functionalities of the NISMOD system in
being able to evaluate the long term performance of national infrastructure plans against a range of
population, economic and demand scenarios. This has provided insights into how well current plans
for infrastructure investments in energy, transport and water supply might perform in both the short
and longer-term. An integrated perspective on investments in each of these major infrastructure
sectors provides important insights for policymakers. The study has also delivered a number of new
database and visualisation tools which enable scrutiny of the results both geographically and
through time.
For energy, if we assume no additional investment in generation capacity over the next few years,
the expected moment at which capacity margins drop below 20% is 2020. The electricity supply
investments included in the NIP add around 33GW of new energy generation capacity over the next
five years, which delays the moment at which the electricity capacity margin falls below 20% by 15
years to 2035 if population growth follows the central projection, and to 2030 if population growth
is high. That said, it should be noted that the NIP also contains a significant budget for additional
generation projects beyond 2030 that have yet to be defined, which is likely to alleviate any future
energy shortfall. This analysis shows the importance of such future investments in energy as well as
the importance of considering GHG emissions of these investments if the UK is to meet its Climate
Change Act obligations.
The future for gas seems more robust; despite the decline in domestic gas supplies (which may have
implications for future new investments in LNG), the current gas infrastructure is projected to keep
the gas capacity margin above zero over the period from 2015 to 2040 without new capacity
investment, under all growth scenarios. Only in the high-growth scenario is there a danger of the gas
capacity margin dropping below zero beyond 2040.
For road transport, the NIP investments in this assessment are a very small proportion of the overall
asset base; there is little effect at an aggregate national scale, but these investments can be seen to
relieve local congestion hotspots. Nevertheless, increasing road capacity may not be enough to
manage continued growth in demand, and the analysis suggests that more aggressive policy
responses (in terms of investment and/or demand management) will be required.
For rail transport, the rollout of electrification schemes across the country will obviously have
substantial impacts on the fuel mix used throughout the network, with around 20% of current diesel
use switching to electricity by 2030.
The opening of Phase 1 of HS2 in 2026 is assumed to release a large number of extra trains along
those affected links, with a further increase as Phase 2 opens in 2034. However, while there are
more trains using the network, there will not be any overall impact on rail congestion. The amount
of delay on those rail links drops to 2015 levels, against a background of continued growth in rail
use.
For the water sector, changes in demand are estimated from water companies’ Water Resource
Management Plans, and future projections of demand produce a wide range of possible outcomes
for Great Britain as a whole, from a reduction in demand in the low population/per capita demand
scenario to a 20% increase in total demand by 2050 in the high population/per capita demand
scenario.
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The NIP investments amount to an 18% increase in water availability for Great Britain. However, this
increase in supply is countered by a potentially larger decrease in yield from sustainability reductions
which amount to around a 22% decrease in supply levels by 2025. In the central growth scenario,
there follows a steady decline in supply-demand balance due to population and climate change.
While the NIP investments help to alleviate potential problem in regional supply-demand balance
when compared to a No Build future, there may still be shortages for specific regions.
Overall, this study has successfully identified the impacts of a large number of investments in future
infrastructure for energy, transport and water. While the range of investments included in this
assessment will provide some alleviation to current challenges for electricity capacity margins, road
and rail congestion, and water supply-demand balances across Great Britain, there will inevitably be
a need to reconsider how best to target future investments in new capacity and demand
management, particularly against a background of population growth and climate change.
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APPENDIX A
Translating from NIP to NISMOD: Examples of parameterisations
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APPENDIX B
Details of pipeline projects included in the assessment
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