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The Undermining Infrastructure project has so far
focussed on identifying potential supply bottlenecks
for materials critical to low carbon technologies. These
materials are almost entirely imported to the UK,
either as materials, components or technologies. This
work starts to examine the criticality of conventional
construction aggregates, the continued availability of
which is vital for the operation of civil infrastructure
systems. The criticality issues associated with
aggregates are played out at a much finer spatial
resolution than imported materials of high cost per
unit mass. This is because aggregates are almost
entirely indigenously won and due to their low cost
per unit mass and the large volumes required they
cannot be affordably transported long distances.

This paper outlines some of the concerns around the
security of aggregates supply in England and outlines
several responses relevant to pavement
infrastructure.

Introduction
This briefing note presents some of the initial
background work undertaken for a CASE Studentship as
part of the EPSRC-funded Undermining Infrastructure
(UI) project. The UI project has so far focussed on
highlighting potential supply bottlenecks of materials
essential for the roll-out of low carbon technologies.
This strand of the studentship work looks at the supply
of conventional construction aggregates, the continued
availability of which is vital to support the operation of
critical national infrastructure.

Several recent studies have investigated the factors
that contribute to material criticality and attempted to

identify the most critical materials. Studies tend to
focus on the criticality of materials to economies or
industrial sectors at a continental or national scale and
as such, imported materials with a high cost per unit
mass (e.g. rare earth metals) feature highly in
conclusions [1]. However, the supply of construction
aggregates is identified as critical in two studies [2, 3].
Due to their low cost per unit mass and the large
quantities required on most projects aggregate
materials cannot be affordably transported long
distances (i.e. the cost of transportation relative to
material cost is much higher for aggregates than for
materials like rare earth metals). Aggregates must
therefore be sourced as close to the demand location
as possible. As such, criticality problems are generally
played out at a much finer spatial resolution than
materials with low relative transport costs.

This briefing note examines the supply of aggregates in
England with particular reference to their use in
pavement infrastructure. It describes the scale of
national consumption, the demand forecast and
planning process, emerging criticality concerns and
potential responses to aggregates criticality for
pavement infrastructure.

This note serves as an initial evidence base for further
work which will identify the socio-technical factors that
affect the vulnerability of pavement assets to
aggregates supply risk.

Aggregates consumption in England
Society depends on the continued operation of physical
infrastructure systems. In turn, infrastructure requires
the continual input of raw materials to support
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maintenance and ongoing operation. The built
environment, including civil infrastructure, is
particularly reliant on the supply of aggregates (crushed
rock, sand and gravel). Aggregates are used in a wide
range of applications, particularly for asphalt and
concrete production and for filling voids.

England consumes approximately 216t of aggregates
annually, 96% of which is indigenously won [4]. Primary
aggregates account for 70% of consumption whilst
secondary and recycled materials1 represent 26%. Only
4% of England’s aggregates demand is met by imports
(see Figure 1). Primary aggregates represent 35% of
the UK economy’s total material consumption (by
tonnage), compared to 34% for fossil fuels [5, 6].

Aggregates are used in large quantities in construction
applications. Table 1 gives some examples of the
aggregate requirements of different infrastructure
types.

Infrastructure Aggregates use

New house [8] 60t (400t if roads/ services
included)

New rail construction [9] 7-8kt/km

1
Secondary aggregate materials refer to by-products of

industrial or quarrying processes (e.g. colliery spoil) or
materials from external sources (e.g. recycled car tyres,
plastics). Recycled aggregates refer to materials produced as
a result of the crushing of construction and demolition waste
(e.g. recycled asphalt planings).

Infrastructure Aggregates use

Rail maintenance (annual) [9] 2-3Mt

UK road maintenance and
improvement (annual) [9]

~100Mt

Offshore 3.6MW turbine gravity
foundation [10]

~900t per turbine

Nuclear power station [11] 600kt/GW capacity

The aggregates industry contributes approximately
£2bn in GVA (gross value added) to the English
economy. The industry directly employs 8,300 people
with many more benefiting from downstream and
associated employment [4].

The total geological aggregate resource in England is
difficult to estimate although BGS has produced
regional maps indicating the location of deposits [32].
There is no short or medium term concern that
geological resources will be depleted. Rather, supply
risk concerns stem from constraints on exploiting these
resources. These are mainly due to competing land
uses, environmental designations and associated
planning issues [19]. It is important to note the
difference between geological resources and permitted
reserves. The latter refers to the tonnage of aggregates
resource that can be legally exploited under permits
issued by minerals planning authorities.

The supply allocation process
There is an established process in place to control the
release of aggregate resources: the Managed
Aggregates Supply System (MASS). The Department for
Communities and Local Government estimates future
aggregates demand for the allocation period (in this
case 2005-2020) based on regional construction
industry activity trends. It then translates these
forecasts into regional apportionments based on each
region’s ability to supply. These are broken down
further to allocations for individual Mineral Planning
Authorities (MPAs) who incorporate the allocation into
mineral development plans [12]. The MASS aims to
ensure that regions with high geological mineral

Table 1: Examples of aggregate requirements for infrastructure

Figure 1: Aggregates consumption in England in 2005 (latest
collation of data). Source: BGS (2008) [7].
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resources are able to supply more than their own
requirements to account for deficits elsewhere.

The current regional guidelines for aggregates provision
were published in 2009 and cover the period to 2020
[12]. Guidelines split aggregate materials into the
following categories:

 Land-won sand and gravel;

 Land-won crushed rock;

 Marine sand and gravel;

 Alternative materials, and

 Net imports to England.

The guidelines allocate approximately 240Mt per
annum of aggregates provision for England until 2020
across these five categories. This figure incorporates a
revised government target of delivering 65Mt per year
of secondary and recycled aggregate materials to
market by 2015.

In order to ensure there is continuity of supply,
Minerals Policy Statement 1 (2006) (MPS1) requires
MPAs to keep landbanks of permitted aggregate
reserves. These stand at 7 years of the intended rate of
supply for sand and gravel and 10 years for crushed
rock. Landbanks also act as an indicator of when new
permissions need to be granted [13].

The next section looks at some of the emerging
criticality issues for aggregates.

Criticality of aggregates supply
As previously noted, there have been several attempts
to assess material criticality at a country and economy
scale. Material criticality is a measure of the potential
for supply chain disruption and the vulnerability of a
country or infrastructure system to supply disruption.
The supply chain disruption aspect includes factors such
as access (reserve base), constraints on production (e.g.
environmental designations) and competition for
reserves. The vulnerability aspect looks at indicators
such as the sensitivity of technology and infrastructure
to material price changes. This section discusses some
of these factors in more detail.

Given their importance to national infrastructure and
the construction industry, the security of aggregates

supply is a key aim of MPS1. There is however concern
about aggregates supply risk and particularly about the
supply of certain high grade aggregates [14].

There are significant constraints on the extraction of
aggregates in England. These include land use
competition, development restrictions in protected
areas and transport costs as a result of the spatial
relationship between geological resources and demand
centres. Recent studies have highlighted issues around
high reserve run-down rates at permitted sites and the
potential supply problems that may result without
intervention [15].

Permitted reserves of land-won sand and gravel in
England have been in decline since 1995 when they hit
a high of 907Mt. By 2005, permitted reserves had fallen
to 650Mt. The decline has been more dramatic in
certain regions. Reserves in South East England for
example, reduced by 50% between 1997 and 2005,
bringing into question the security of supply over the
medium to long term [15]. Sand and gravel reserves
are generally well distributed throughout the country.
Figure 2 shows the annual inter-regional flows of sand
and gravel in England which also highlights the
contribution of marine-won materials.

Crushed rock reserves have declined by 13% since
1997. There has been a particular reduction in the East
Midlands and South West, which together held 67% of
England’s reserves in 2005 [15]. Additionally, the fact
that such a high proportion of reserves are located in
these two regions raises significant logistical and
transport concerns, particularly as fuel prices rise.
Figure 3 displays inter-regional crushed rock flows in
England, highlighting the importance of these regions
for supply.

The next section looks at some of the reasons for
declining permitted aggregate reserves in England.



Sustainable Resilient Infrastructure
Undermining Infrastructure: BRIEFING NOTE
Aggregates Criticality

http://SuRe-Infrastructure.leeds.ac.uk
BRIEFING NOTE

Page 4 of 10

Planning and environmental constraints
A number of factors have been identified as
contributing to declining permitted reserves. A study by
Capita Symonds for the Mineral Industry Research
Organisation (MIRO) in 2008 concluded that planning
and environmental constraints are one of the principal
drivers [15].

MPS1 has a stated objective to protect nationally and
internationally designated sites and aims to gradually
shift the extraction of aggregates away from these
areas [18]. Approximately 24% of England’s land area is
designated as a National Park or Area of Outstanding
Natural Beauty [19]. A large proportion of our
aggregates are supplied from quarries in these areas
(24% of reserves and 16% of sales in 2005) [20]. If
internationally designated areas are also included, the
proportion of aggregate reserves located in these areas
in England rises to 27% for sand and gravel and 52% for
crushed rock [19].

Many of the permissions for quarries in protected areas
were granted decades ago. A universal production end
date of 2042 is in place for quarries with permissions
that did not originally specify an end date. In order to
continue extraction after this date quarries will need
new permissions. Sites within statutorily protected
areas are unlikely to gain new permissions unless the
designated area is demonstrably unaffected [13].
Whilst some sites will cease production before this date
having worked out their permissions, others will likely
have to leave previously permitted reserves in the
ground.

There are also concerns that the introduction of the
Localism Bill (and revocation of Regional Spatial
Strategies) may affect the MASS. The Minerals Products
Association has raised concerns that a shift to localism
and devolved planning could “institutionalise
nimbyism” with regards to minerals planning [21]. This
could potentially make it more difficult to obtain
permissions for proposed sites, regardless of their
location, particularly given that quarrying is one of the
least popular forms of development (behind casinos,
power stations and landfills) [22].

The Capita Symonds report [15] notes that the costs of
more complex and stringent environmental policy
requirements (for Environmental Impact Assessment

Figure 3: Inter-regional crushed rock flows. DCLG (2011) [17].

Figure 2: Inter-regional sand and gravel flows. DCLG (2011) [16].
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for example), are a disincentive for operators to pursue
planning permissions. It also cites land-use competition,
staff shortages and skills deficits within the industry as
factors influencing reserve levels.

In 2011, BGS published a study that aimed to identify
the location of key shortages and to the determine
quarry reserve run-down rates for selected MPAs [13].
This work has provided the first quantification of run-
down rates and highlights the decline in production
that would result if new permissions fail to keep up
with sales. Figure 4 shows predicted declines in sales
from Leicestershire’s crushed rock quarries highlighting
that 2007 rates of supply (the red line) can only be
sustained until 2014 unless additional permissions are
granted.

The BGS report also highlights the fact that landbanks
are not a reliable estimate of ‘ability to supply’. A
landbank may indicate to an MPA that there are several
years of supply available but in reality, constraints such
as the lack of processing equipment may mean it is not
easily exploitable. Additionally, a landbank at one
geographical location within an MPA area may not be
able to economically replace a supply stream from an
expired permission elsewhere. There is also evidence

that required landbank levels of ‘at least 7 years’ are
falling below this threshold in many areas [13].

An additional potential reason for the reducing number
of new aggregate planning application submissions is
the increased use of recycled and secondary aggregate
which may be offsetting primary demand. Of course,
reduced primary demand is an intended consequence
of government targets for increased use of secondary
and recycled aggregates. However, the annual supply of
secondary aggregate is not yet keeping pace with the
rate of declining primary reserves.

Constraints on increasing imports
Given the constraints on indigenous aggregates supply,
the potential for importing a larger proportion of
England’s aggregates has been investigated. Brown et
al. [6] undertook a feasibility study of increasing
imports. This work looked at factors such as additional
cost and carbon emissions, port capacity, ship
availability, and road and rail links. The study found that
additional costs would approximately double the price
of imported aggregates over indigenous supply. It also
concluded that England’s port capacity is much too
small to absorb aggregates imports and that increasing
this capacity significantly is infeasible and unlikely given

Figure 4: Decline in crushed rock sales from active sites in Leicestershire. Source: BGS (2011) [13].
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cost and planning implications.

The study concluded that England will continue to rely
on indigenously won aggregates, despite increasingly
difficult planning and environmental constraints. A
number of recommendations are put forward to
improve resource security using indigenous means
including increasing marine-won supply, large super
quarries in remote areas with direct access to deep
water ports, and underground quarrying. The
importance of reducing demand and improving
resource efficiency is also highlighted as a necessary
contributor to security of supply.

Spatial and transport constraints
Aggregates are heavy, high volume materials and are
therefore costly to transport. Aggregates are rarely
transported more than 40-50km by road as above this
threshold cost becomes prohibitive [23, 24]. By way of
example, transporting a lorry load of aggregates 40km
approximately doubles its cost [23]. This threshold is
obviously linked to fuel prices and so maximum
economical transport distances will likely reduce as
fossil fuel prices rise.

This cost constraint means that proximity to a source of
supply is a crucial determinant of material criticality at
the local scale, especially if there is no alternative to
road transport. London and the south east of England
have no indigenous reserves of crushed rock and
currently rely on supply from the Mendips and
Leicestershire brought in by rail (see Figure 3). Rail
transport of aggregates requires large investment in
capital infrastructure, both at the quarry and depot
ends and is a less flexible option than road haulage.
There is also a limit to the level of aggregates transport
which can be accommodated on the rail network,
determined by available capacity once passenger
services are accounted for.

The spatial distribution of areas of supply and demand
is also important when considering the impact of large
one-off infrastructure projects. If, for example, a new
nuclear power station requiring 2Mt of aggregates is
constructed, this may place other local sources of
demand, such as highways maintenance, at risk of
supply disruption with knock-on impacts for the
operation of the road network.

There are a number of factors that contribute to the
criticality of aggregates. Any attempt to quantify and
assess the criticality of aggregates should focus on a
regional or sub-regional scale in order to pick up
transport constraints. It should also include measures
of access to reserves, constraints on extraction and
competition for resources as well as accounting for the
vulnerability of the area or infrastructure in question to
supply risk.

The next two sections discuss aggregates criticality in
the context of pavement infrastructure.

Pavement Infrastructure
England has 299,429km of roads [25]. The maintenance
and renewal of this network requires approximately
70Mt of aggregates per year, or 32% of total national
consumption2. Each layer of the road pavement
structure above the sub-base has a high aggregate
content. Aggregates account for approximately 90% (by
mass) of asphalt mixtures for pavement layers [27].
Figure 5 below shows the structural layers of an asphalt
pavement. As a legacy of road building activities over
the decades, roads vary in their structure and material
content. Some contain a cement-bound base beneath
the bituminous courses and some highways in the UK
are of rigid concrete construction overlaid with asphalt.
Furthermore, some roads contain tar-bound materials
which are generally hazardous and no longer used for
new construction.

Bituminous surface course

Bituminous binder course

Bituminous base

Unbound subbase

Granular capping

2
This figure is based on information in (Arup, 2010) [9] for

Great Britain and apportioned to England based on
kilometres of road network.

Figure 5: Structure of a flexible bituminous road, not to scale.
Source: Aggregain website [26]
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Flexible asphalt roads generally have a shorter design
life than those of concrete construction. Asphalt roads
also require lower up front capital investment and in
the UK, approximately 95% of the network is asphalt
surfaced [27].

The lifecycle environmental performance of pavement
infrastructure is an increasingly important
consideration. Local highways authorities, the Highways
Agency and contractors are subject to environmental
legislation covering issues such as waste management
and carbon dioxide emissions. Highways authorities
also set key performance indicators (KPIs) for their own
(and their contractors’) operations to manage and
monitor environmental performance.

The criticality of aggregates supply (and the response of
resource efficiency it necessitates) is not currently a
priority consideration for most of those involved in
materials specification for highways. This is due to a
number of factors including the absence of regulatory
drivers on secondary and alternative materials, cultural
and behavioural norms and the perception of risk in
using alternatives to primary materials [28].

However, improving the resource efficiency of
pavement assets may also offer opportunities to realise
cost savings and improve performance against other
environmental indicators.

The next section discusses some of the responses to
aggregates criticality relevant to pavement
infrastructure and the extent to which they are
currently employed.

Aggregates criticality and pavement
assets: responses and constraints
There are several approaches to reducing the
vulnerability of infrastructure to aggregates criticality.
These relate to the factors identified as contributing to
criticality, as outlined above. Options include reducing
reliance on inputs of primary materials and investing in
alternatives in order to reduce reliance on one
particular infrastructure system.

For pavement infrastructure, the principal option is to
create practices which reduce the reliance of the
system on the input of primary aggregates. There are

several approaches which can be taken for pavement
infrastructure:

 Maximising recycling of recycled asphalt
planings (RAP) back into bituminous courses;

 Using secondary and alternative aggregate
materials (e.g. recycled concrete, glass, steel
slag, scrap tyres, plastics) and,

 Specifying pavements with longer design lives.

There are two established methods of asphalt recycling;
hot mix and cold mix, both of which can be undertaken
either in or ex situ. Hot mix recycling involves the
combination of aggregate, bitumen, RAP and recycling
agents3 at temperature to produce a new mix. This is
most commonly undertaken at off-site locations where
RAP is stockpiled and categorised ready for use in new
mixes. However, in-situ hot mix recycling is also
undertaken. This process requires a specialist plant but
generally enables a higher portion of the RAP to be
retained in the new pavement [29].

Cold mix recycling uses foamed bitumen (or recycling
agent) which is combined with RAP and other
aggregates, if required, without the need for additional
heat. Cold mixes are however normally overlaid with a
hot mix surfacing, especially if the road will be subject
to high load. Cold mix recycling can also be undertaken
in situ.

In addition to RAP, alternative aggregate materials are
also used in place of primary resources. Secondary
materials such as recycled concrete aggregate, steel
slag, glass, rubber and plastics are all used to varying
degrees in asphalt surface course paving. However, any
material for use as aggregate in asphalt in the UK
(whether primary or secondary) must meet strict
property requirements, as defined in British Standard
EN13043 (2002). For some secondary materials, the
cost associated with additional processing to meet
property requirements currently makes them
uneconomic compared to primary aggregates.
However, in areas of constrained primary aggregate
supply and low landfill space the economics become
more attractive [27].

3
Recycling agents are used to soften the RAP in the mix. They

are generally petroleum-based products.



Sustainable Resilient Infrastructure
Undermining Infrastructure: BRIEFING NOTE
Aggregates Criticality

http://SuRe-Infrastructure.leeds.ac.uk
BRIEFING NOTE

Page 8 of 10

In the UK, the standards to which roads must be
designed are contained within the Design Manual for
Roads and Bridges and the Specification for Highways
Works. These documents outline the design and
performance requirements for pavements as well as
listing acceptable materials and levels of permitted
recycled content.

In 2004, EU-wide standards on aggregates were
introduced. Importantly, the standards apply to
“aggregates from natural, recycled and manufactured
materials” which means that the focus is on ‘fitness for
application’ and not on the product origin [30]. This
essentially means that recycled and alternative
materials can comprise up to 100% of the coarse
aggregate component of bituminous pavement layers if
they meet the relevant performance criteria. However,
whilst most recycled and secondary aggregates can
comprise up to 100% of coarse aggregate in pavements,
there are limits to the content of RAP that can be used
in bitumen bound layers due to its performance
characteristics (as specified in BS EN 13108). The
surface course can contain up to 10% RAP (by mass)
whilst the bituminous base and binder courses can
contain up to 50% (or 100% if produced through cold
recycling using foamed bitumen or bitumen emulsion)
[26].

Designing longer life pavements is an additional option
for reducing lifecycle material requirements. Santero et
al (2011) [31] show that specifying a 40+ year design life
will mean lower lifecycle material requirements than a
20 year design life pavement maintained for 40 years.
This of course, only holds true if the asset does not
become obsolete within the period of a longer design
life.

It is thought that in the UK we are reaching a limit to
the growth in use of secondary and recycled
aggregates. This is largely because they already
dominate the market for low value applications (such as
fill and pavement sub-base) and that their use in higher
value applications is limited by their ability to meet
performance requirements [34]. Whilst this may be the
case for most civil infrastructure systems, there is
evidence from the highways sector suggesting that the
potential for the use of recycled and secondary
aggregates (including RAP) in higher value applications

such as the surface course is not being maximised. In
1995, figures showed that of the 7.5mt of RAP arisings
in the UK each year approximately 80% was recycled
(predominantly into lower value applications). Less
than 5% of RAP arisings (375kt) were recycled back into
surface layers as new aggregate [33]. Given that the
industry produces some 25mt of new asphalt each year
[35] this suggests that the potential for RAP re-use is
not being fully exploited. There are no publicly available
up to date national figures on asphalt recycling but
recent (as yet unpublished) work undertaken for the UK
highways sector has identified that there remain
problems in maximising the use of recycled and
secondary materials in pavement infrastructure [28].
This work attempted to determine current levels of
recycled and secondary aggregate use on projects and
investigate barriers to their specification. Several
barriers are identified including cost concerns, technical
and site constraints, lack of knowledge and contractual
and supply chain obligations. It is also noted that there
remains a perceived risk amongst contractors in using
recycled and secondary materials.

Next steps
This paper has outlined some of the background to
aggregates criticality with particular focus on pavement
infrastructure. The studentship project will continue
with several strands of enquiry, one of which will
develop a conceptual framework for the problem of
improving the resilience of highways infrastructure to
material supply risk. This will use a socio-technical
systems approach.

This will involve the identification of relevant factors
that influence the potential for the increased use of
secondary and alternative materials in the HA’s
pavement assets. Using a socio-technical systems
approach also enables the identification of the links,
interactions and relationships between different factors
including:

 Goals/visions/values;

 Physical infrastructure;

 Processes/procedures;

 People and competencies;

 Technology and,
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 Culture.

The project will use the conceptual model to investigate
the links between physical material flows and decision-
making processes in order to define how resilience to
material criticality can be embedded within systems.

The project will also link to the criticality strand of the
overall Undermining Infrastructure work to define a
criticality index which can be used for aggregates in
England. The aim of this exercise is to enable the
identification of locations where aggregates criticality
will be particularly acute and most likely to affect the
resilience of highways infrastructure.
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