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As is the case in a number of countries, the UK construction industry faces the challenge of expanding production whilst

making ambitious greenhouse gas emission reductions. Embodied carbon constitutes a growing proportion of whole-life

carbon emissions and accounts for a significant share of total UK emissions. A key mitigation strategy is increasing the

use of alternative materials with lower embodied carbon. The economic, technical, practical and cultural barriers to the

uptake of these alternatives are explored through a survey of construction professionals and interviews with industry

leaders. Perceptions of high cost, ineffective allocation of responsibility, industry culture, and the poor availability of

product and building-level carbon data and benchmarks constitute significant barriers. Opportunities to overcome

these barriers include earlier engagement of professionals along the supply chain, effective use of whole-life costing,

and changes to contract and tender documents. A mounting business case exists for addressing embodied carbon, but

has yet to be effectively disseminated. In the meantime, the moral convictions of individual clients and practitioners

have driven early progress. However, this research underscores the need for new regulatory drivers to complement

changing attitudes if embodied carbon is to be established as a mainstream construction industry concern.

Keywords: alternative materials, CO
2 reduction, construction sector, embodied carbon, greenhouse gas emissions,

market acceptance, professional knowledge
IntroductionThe construction sector is the largest global consumer

of materials, and buildings are the sector with the

largest single energy use worldwide (Krausmann

et al., 2009; De Ia Rue du Can & Price, 2008). Conse-

quently, buildings are also responsible for 19% of

global greenhouse gas (GHG) emissions (Intergovern-

mental Panel on Climate Change (IPCC), 2014).

Recent studies have suggested that buildings offer the

greatest abatement opportunities for reducing GHG

emissions in the short-term (IPCC, 2014; McKinsey

& Co., 2009). Policy-makers have responded to this

through the introduction of regulation requiring

improvements in building fabric and performance,

such as the European Union (EU) Energy Performance

of Buildings Directive. These regulations have princi-

pally focused on the operational GHG emissions

associated with energy use in activities such as space

heating, cooling and lighting. However, these regulat-

ory drivers have not extended to the embodied

carbon1
associated with the initial production of struc-

tures (Figure 1).
A recent review of building life cycle assessments

demonstrated that embodied carbon can account for

anywhere between 2% and 80% of whole-life carbon

emissions (Ibn-Mohammed, Greenough, Taylor,

Ozawa-Meida, & Acquaye, 2013). The precise pro-

portion depends upon a number of characteristics

including building use, location, material palette, and

assumptions about the service life and future energy

supply. The proportion tends to be higher in certain

structure types, such as industrial warehousing,

where embodied emissions can contribute up to 90%
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a b s
t r a

c t

The UK construction industry faces the daunting task of replacing and extending a significant propor-

tion of UK infrastructure, meeting a growing housing shortage and retrofitting millions of homes whilst

achieving greenhouse gas (GHG) emission reductions compatible with the UK’s legally binding target of

an 80% reduction by 2050. This paper presents a detailed time series of embodied GHG emissions from

the construction sector for 1997–2011. This data is used to demonstrate that strategies which focus solely

on improving operational performance of buildings and the production efficiencies of domestic material

producers will be insufficient to meet sector emission reduction targets. Reductions in the order of 80%

will require a substantial decline in the use of materials with carbon-intensive supply chains. A variety

of alternative materials, technologies and practices are available and the common barriers to their use

are presented based upon an extensive literature survey. Key gaps in qualitative research, data and mod-

elling approaches are also identified. Subsequent discussion highlights the lack of client and regulatory

drivers for uptake of alternatives and the ineffective allocation of responsibility
for emissions reduction

within the industry. Only by addressing and overcoming all these challenges in combination can the

construction sector achieve drastic emissions reduction. © 2014 Elsevier B.V. All rights reserved.

1. Introduction

The evidence of climate change is now “unequivocal” [1] and the

anticipated increases in the frequency of extreme weather events,

threats to water and food security and the massive loss of biodiver-

sity represent a fundamental risk to the health and livelihoods of

a large portion of the global population. The extensive and grow-

ing evidence base suggests that it is “extremely likely that human

influence has been the dominant cause of the observed warming

since the mid-20th century” [2], principally through the extraction

and burning of fossil fuels alongside changes to land use. Humans

have already significantly altered three quarters of the world’s ter-

restrial habitats and continue to extract 60 billion tonnes of raw

materials each year [3,4]. The construction sector is the largest user

of these materials [4]. Buildings are the sector with the largest sin-

gle energy use worldwide and are responsible for approximately a

third of global carbon emissions [5,6].

∗ Corresponding author. Tel.: +44 0113 343 2556.

E-mail address: pmjjg@leeds.ac.uk (J. Giesekam).

In the UK, the volume of carbon dioxide emissions that the

construction sector influences is significant, accounting for an esti-

mated 47% of total UK CO2 emissions [7]. In a typical year, the UK

construction industry requires over 420 million tonnes of material

resources, energy equivalent to just under 8 million tonnes of oil,

and is responsible for over 90% of non-energy mineral extraction

[8,9]. The construction sector is also the largest generator of waste,

at over 100 million tonnes per year in 2008 [10]. Furthermore, every

year the construction industry uses 6500 ha of land and is respon-

sible for a third of all industry-related pollution incidents [11]. In

addition to direct environmental impacts from its activities, the

sector also has a critical role to play in enabling the supply of clean

energy and facilitating sustainable practices in other areas of the

economy. The impending transition to a low carbon economy rep-

resents a sizeable package of works for the construction industry.

Indeed, the influential 2010 UK Innovation and Growth Team (IGT)

report concluded that “over the next 40 years, the transition to low

carbon can almost be read as a business plan for construction” [12].

The UK is facing a sizeable housing shortfall, the imminent

replacement of the majority of its electricity generating plant, and

intends to increase public investment in many pieces of large-scale

infrastructure (such as high speed rail and highway networks) [13].

http://dx.doi.org/10.1016/j.enbuild.2014.04.035

0378-7788/© 2014 Elsevier B.V. All rights reserved.
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The construction industry, through its activities and supply chains as well as the operation of the assets that it

creates, is a major contributor to global greenhouse gas emissions. Embodied carbon dioxide emissions associated

with the construction of new assets constitute a growing share of whole-life emissions across all project types and

make up nearly a quarter of all annual emissions from the UK built environment. Yet these embodied emissions are

still rarely assessed in practice, owing to the perceived difficulty and lack of supporting guidance for practitioners

conducting an assessment. This briefing paper retraces recent advances in the field of embodied carbon dioxide

assessment and highlights existing and forthcoming practical guidance that could support more widespread

assessment. The paper constitutes a where-to rather than a how-to, directing assessors towards appropriate

resources, of which there are many. Although the paper does highlight some remaining gaps in the field and

identifies corresponding research priorities, recent additions to the body of guidance are generally sufficient to

support more widespread assessment. Now, the industry must demonstrate its commitment to tackling climate

change by using this guidance to drive deeper carbon dioxide reduction.

1. Introduction
Limiting any increase in global average temperature to ‘well

below 2°C’, as outlined in the Paris Agreement (UNFCC, 2015),

requires that all nations rapidly reduce greenhouse gas (GHG)

emissions to achieve a balance between sources and sinks in

the second half of this century. The construction industry has

a critical role to play in climate change mitigation, being

a significant emitter of GHGs both directly through its activities

and supply chains and indirectly through operation of the assets

it creates (Giesekam et al., 2016a; Müller et al. 2013). In

addition to being one of the largest emitters, the built environment

is also one of the largest potential stores of carbon dioxide,

through sequestration within biogenic building materials

(Giesekam et al., 2014; Lawrence, 2015; Sadler and Robson,

2013). At the global scale, it has been suggested that delivering

the Paris Agreement would require all new building construction

to be carbon-negative or carbon-neutral after 2030 (Rockström

et al., 2017). This will require substantial efforts to mitigate

all GHG emissions associated with the construction of new

assets and significant growth in the use of biogenic building

materials.

In the UK, Construction 2025 sets the more modest target of

halving GHG emissions from the built environment by 2025

(HMG, 2013); meanwhile reductions of the order of 80% by 2050

are anticipated in line with the 2008 Climate Change Act (2008).

A dedicated sector route map (GCB, 2013), consistent with these

targets, was developed in 2013, but a recent update indicated that

mitigation efforts to date have been insufficient to deliver the

target trajectory (Steele et al., 2015). Insufficient progress in

delivering domestic retrofit projects, combined with a growth in

embodied emissions from increased construction of new assets,

has established a substantial gap between the targets and reality.

This gap will widen if construction activity continues to increase,

carbon capture and storage technology remains financially

unviable for material producers or the rate of electrical grid

decarbonisation does not significantly accelerate (Giesekam et al.,

2016b). Embodied greenhouse gas emissions (‘embodied carbon’)

emissions already make up as much as 90% of whole-life GHG

emissions on some projects (Sturgis and Roberts, 2010), constitute

a growing share across all project types (Ibn-Mohammed et al.,

2013) and are responsible for almost a quarter of annual built

environment emissions (see Figure 1). These embodied carbon

emissions can be addressed through a wide range of mitigation

strategies (Lupíšek et al. 2016; Pomponi and Moncaster, 2016),

such as improvement in the efficiency of structural designs (Cullen

et al., 2011; Moynihan and Allwood, 2014), the use of alternative

building materials (Cabeza et al., 2013; Giesekam et al., 2014;

Giesekam et al., 2016c) or the adoption of circular economy

approaches that encourage increased reuse and recycling of

materials, components and structures (Densley Tingley and

Davison, 2011; Pomponi and Moncaster, 2017).

In recognition of this challenge, a growing number of firms are

implementing ambitious organisational carbon dioxide reduction

targets, through schemes such as the Science Based Targets

initiative (Science Based Targets, 2017). Many of these firms are

assessing and reporting scope 3 emissions associated with the

development of new built assets, and an increasing number are

also targeting reductions through the use of embodied carbon or

whole-life carbon intensity targets. De Wolf et al. (2017) provided

an overview of current carbon dioxide assessment (‘carbon

assessment’) practices, and Giesekam et al. (2016a) summarised

the various approaches to target setting. This increased interest in
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Motivated by national greenhouse gas (GHG) emissions budgets, the UK construction industry is pursuing reductions

in emissions embodied in buildings and infrastructure. The current embodied GHG emissions benchmarks allow

design teams to make a relative comparison between buildings and infrastructure but are not linked to sector or

national GHG emissions reduction targets. This paper describes a novel model that links sector-level embodied GHG

emissions estimates with project calculations. This provides a framework to consistently translate international,

national and sector reduction targets into project targets. The required level of long-term GHG emissions reduction

from improvements in building design and material manufacture is heavily dependent on external factors that the

industry does not control, such as demand for new stock and the rate of electrical grid ‘decarbonisation’. A scenario

analysis using the model suggests that, even if external factors progress along the better end of UK government

projections, current practices will be insufficient to meet sector targets.

1. Introduction
The UK Climate Change Act 2008 (2008) set the goal of
achieving an 80% reduction in greenhouse gas (GHG) emissions
by 2050 against a 1990 baseline. The construction sector has a
pivotal role to play in achieving this target, providing new
infrastructure to support low-GHG emissions practices and
influencing directly over 200 million tonnes carbon dioxide
equivalent (MtCO2e) of operational and capital (embodied) GHG
emissions (ICE, 2011; Steele et al., 2015). The Construction 2025
strategy sets a goal of halving GHG emissions by 2025 (HMG,
2013) and the Green Construction Board’s Low Carbon
Routemap for the Built Environment (hereafter referred to as the
routemap) sets out the steps needed to achieve an 80% reduction
in sector emissions by 2050 (GCB, 2013). Despite growing
mitigation efforts, recent findings indicate an increase in
emissions from the built environment and a widening gap to
sector targets (Steele et al., 2015). This is in part driven by a rise
in capital emissions as construction activity increases after the
recovery from the financial crisis. Embodied emissions already
make up as much as 90% of whole-life GHG emissions on some
projects (Sturgis and Roberts, 2010) and constitute a growing
share across all project types (Ibn-Mohammed et al., 2013). In
aggregate, embodied GHG emissions accounted for 22% of GHG
emissions attributable to the UK built environment in 2012
(Steele et al., 2015). Recent reports such as the routemap and the
Infrastructure Carbon Review have emphasised the need to
reduce embodied GHG emissions in addition to operational
emissions if sector targets are to be achieved (HMT, 2013).

The industry has recently held a number of awareness-raising
events, such as the UK Green Building Council’s Embodied
Carbon Week and a subsequent conference (UKGBC, 2014,
2015a), and published extensive guidance on the measurement
and mitigation of embodied GHG emissions (Clark, 2013a; Rics,
2012; UKGBC, 2015b; Wrap, 2014a). A range of alternative
materials, technologies and practices can support embodied GHG
emissions reduction (Giesekam et al., 2014); however, greater
uptake faces substantial barriers (Giesekam et al., 2015). One
barrier is that design teams lack suitable benchmark data on
typical and best-practice embodied GHG emissions intensities for
different structure types. The Wrap Embodied Carbon Database,
launched in 2014, sought to address this by providing a common
repository for users to share carbon assessment results (Wrap and
UKGBC, 2014). However, as highlighted by Doran (2014), while
this resource and other sources (e.g. Rics, 2012) facilitate relative
comparison between buildings, they do not indicate the adequacy
of absolute performance in the context of UK climate mitigation
strategies. Designers have no way of knowing if current
mitigation decisions are reasonable in the context of climate
change, or what future project targets would be consistent with
sector ambitions. The absence of a link between this bottom-up
building life-cycle assessment (LCA) data and top-down data
representing overall sector output leaves designers and educators
unsure what range of GHG emission abatement options may be
required in the long term and unable to focus on developing
appropriate skills and material expertise. Similarly, for
policymakers, ensuring that future targets and benchmarks are
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a b s t r a c t 
In the face of a changing climate, a growing number of construction firms are adopting carbon reduction 

targets on individual projects and across their portfolios. In the wake of the Paris Agreement, some firms 

are seeking a means of aligning their targets with sectoral, national and international mitigation commit- 

ments. There are numerous ways by which such an alignment can be achieved, each requiring different 

assumptions. Using data from the UK construction industry, this paper reviews current company commit- 

ments and progress in carbon mitigation; analyses the unique challenges in aligning construction targets, 

and presents a series of possible sectoral decarbonisation trajectories. The results highlight the disparity 

between current company targets and the range of possible trajectories. It is clear that a cross-industry 

dialogue is urgently required to establish an appropriate response that delivers both a widely-accepted 

target trajectory and a plan for its delivery. This paper is intended to stimulate and support this nec- 

essary debate by illustrating the impact of different methodological assumptions and highlighting the 

critical features of an appropriate response. 

© 2018 The Authors. Published by Elsevier B.V. 
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1. Introduction The dangers posed by anthropogenic carbon emissions and 

a changing climate are well documented [1] , yet in 2016 hu- 

manity emitted a further 36 GtCO 2 from fossil fuels and indus- 

trial processes [2] . In December 2015, 195 countries adopted the 

first legally binding global climate deal seeking to hold increases 

in global average temperature to “well below 2 °C above pre- 

industrial levels” and to “pursue effort s to limit the temperature 

increase to 1.5 °C” [3] . Current ‘do nothing’ scenarios project global 

temperature increases of 3.2–5.4 °C by 2100 [1] and even fulfil- 

ment of all signatories’ Nationally Determined Contributions put 

forward as part of the Paris Agreement implies a median warm- 

ing of 2.6–3.1 °C by 2100 [4] . Limiting temperature increases to 

Abbreviations: CCC, Committee on Climate Change; CCS, Carbon Capture and 

Storage; DBEIS, Department for Business, Energy and Industrial Strategy; EPD, Envi- 

ronmental Product Declaration; GCB, Green Construction Board; GHG, Greenhouse 

Gases; GIA, Gross Internal Area or Gross Internal Floor Area; IEA 2DS, Interna- 

tional Energy Agency’s 2 °C Scenario; IEA B2DS, International Energy Agency’s Be- 

yond 2 °C Scenario; IPCC, Intergovernmental Panel on Climate Change; NET, Negative 

Emissions Technologies; RICS, Royal Institution of Chartered Surveyors; SBT, Science 

Based Target; SDA, Sectoral Decarbonization Approach; WRAP, Waste and Resources 

Action Programme. 
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below 2 °C will likely require global emissions to peak by 2020 

followed by rapid reductions [5] , necessitating a significant ratch- 

eting up of global emission abatement effort s as part of a peri- 

odic stocktake and commitment cycle. In addition to its headline 

temperature target, the Paris Agreement sets the goal of achiev- 

ing “a balance between anthropogenic emissions by sources and 

removals by sinks of greenhouse gases in the second half of this 

century”, i.e. ‘net zero’ emissions. This is in recognition of the fact 

that net carbon dioxide emissions will need to fall to zero in order 

to stabilise global temperature. It is expected that wealthier devel- 

oped countries will achieve this net zero goal at an earlier date 

in line with the principle of common but differentiated responsi- 

bilities. The immense scale of the challenge involved in delivering 

these goals is frequently understated but is clearly illustrated by 

a range of recent roadmaps and scenario analyses. For instance, 

Rockstrom et al. set out one roadmap with a 75% probability of 

limiting warming to below 2 °C, if global greenhouse gas (GHG) 

emissions were halved every decade [6] . Such a radical transfor- 

mation can only be achieved with the active participation of non- 

state actors, including corporate and privately owned companies. 

This will require companies to independently set long term reduc- 

tion targets that are aligned with global mitigation goals [7,8] . 

The construction sector is the largest global consumer of re- 

sources [9] and is a major contributor to climate change through 
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Emissions from an infrastructure asset

Figure 7 from PAS 2080:2016 Carbon Management in Infrastructure
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b)  Allow the performance characteristics of the studied system to be compared. 

 OTE 1   functional unit can assist in defining baselines and comparing options for infrastructure delivery. For 

example, when comparing the GHG emissions outcomes of two separate assessments where the studied systems 

serve the same purpose, then functional unit can aid in decision making, particularly when study boundaries, input 

inventories, and other relevant aspects are not always directly equivalent. Organizations may choose to quantify 

the performance of options using more than one functional unit. 

 OTE 2 NThe inherent nature of infrastructure means that on occasion it may provide additional functions beyond 

those originally envisioned by the asset owner/manager and as defined by the functional unit. Where relevant the 

associated benefits or loads – on a GHG emissions basis – of this additional functionality might be included in a 

quantification study. Where a practitioner chooses to include so called additional infrastructure benefits or loads, 

they should be reported in module D (Figure 7). 

 .1.3 Study boundaries

 .1.3.1 Boundary application principles

The practitioner shall apply system boundaries, use data that is consistent with, and report, using the modular 

approach presented in Figure  . 

A GHG emissions quantification shall cover all life cycle modules including A, B and C with module D seen as 

optional (Clause  .1.3.3 and Annex A).

 OTE A whole life cycle based approach to GHG emissions quantification avoids un-intended consequences, 

helping to ensure a balanced perspective by showing the gross size/scale of emissions and when they occur. In this 

way informed decisions can be made supporting optimum low carbon outcomes.

Figure   – Modular approach showing the life cycle stages and individual modules for 
infrastructure GHG emissions quantification 

 OTE 1 Figure 7 provides a framework for the quantification of GHG emissions for an infrastructure asset or 

programme of works and corresponds to the modular structure for information reporting used for Environmental 

Product Declarations (EPD) for construction products, processes and services following a structure consistent with 

the principles set out in BS EN 15978:2011 and BS EN 15804:2012.

 OTE 2 Figure 7 is taken from BS EN 15978:2011 and has been adapted for PAS 2080 and infrastructure. 

 OTE 3 Figure 7 is to be read in conjunction with Annex A and the Guidance Document to PAS 2080 which 

provides descriptions and worked examples of the modular life cycle boundaries. 
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2020 Infrastructure Carbon Review update

UK Carbon Footprint  773 MtCO2e
Includes all impacts of UK consumption - 
both territorial & imported emissions

Infrastructure emissions  419 MtCO2e

Control  99 MtCO2e
The infrastructure industry has control over 
capital & operational carbon associated with 
the construction, operation & maintenance of 
infrastructure assets

Infl uence  320 MtCO2e
The infrastructure industry can infl uence 

emissions from end users, but typically 
action is also required by others to 

reduce these emissions

All other emissions  354 MtCO2e
From other sources

100%

54%

13%
41%

46%

See Unwin Lecture recording for breakdown of results

https://www.ice.org.uk/news-and-insight/latest-ice-news/carbon-reduction-falling-short-of-net-zero-target


Generally good progress with 23% reduction in total infrastructure carbon 2010-2018   
& 44% reduction under ‘control’ of infrastructure industry

But transport & capital carbon increased

Infrastructure carbon changes from 2010-2018

See Unwin Lecture recording for breakdown of results
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Operational carbon

https://www.ice.org.uk/news-and-insight/latest-ice-news/carbon-reduction-falling-short-of-net-zero-target


National scale - capital carbon compared to targets

Territorial emissions & carbon footprint from 2020 official statistics to 2018 and 2017 respectively. Others from CCC 
(2019) Net Zero. The UK’s contribution to stopping global warming & 2020 Annual Progress Report to Parliament; 

DBEIS Energy & emissions projections 16/05/19 & 2017 Green Construction Board Low Carbon Routemap update
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Least cost pathway from 
CCC 5th Carbon Budget advice
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Carbon footprint of UK consumption
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DBEIS Reference Scenario

Capital carbon (GCB)

Surface transport

451

794

113 113
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772

918

Residual emissions in CCC net zero scenario 88

Remaining UK budget til 
net zero of ~7000 MtCO2e



10 kt 100 kt 1 Mt 10 Mt

M54-M6 Link Road
81,890 tCO2e 

1.6 miles new road
2 new junctions 

& some realignment

A14 extension
981,432 tCO2e 

23 miles of upgrades
7 miles widening

new bypass
& local modifications

Heathrow 3rd runway 
3.6 MtCO2e 

HS2
13.3 MtCO2e 

Project scale - capital carbon HS2 is more than a railway.  
By joining up Britain, we  
will build a fairer, more 
balanced country.
•  HS2 will form the backbone of the UK’s transport network, 

connecting eight out of ten of Britain’s largest cities.  
By making it easier to move between the North, Midlands 
and South, cutting many journeys by half, HS2 will make it 
easier for people to live and work where they want.

•  HS2 is expected to generate around £92 billion in benefits 
to the UK economy. Helping Britain compete on the global 
stage by increasing economic growth, productivity and 
tourism and supporting hundreds of thousands of jobs.

•  HS2 trains will stop at more than 25 stations, connect  
30 million people with faster, easier and more reliable 
travel, and open up a range of new work, business and 
leisure opportunities.

HS2 services on existing rail network 

HS2 lines and stations

Macclesfield

Motherwell

Stoke

Chesterfield

HS2 services on existing 
rail network

Key

HS2 lines and stations



Already routinely evaluated Increasingly commonplace Rarely evaluated

Materials, products 
& components

Assets & projects Asset portfolios Investment 
plans, pipelines & 

scenarios

CapCarb

OpCarb

UseCarb

Recent trends Rapidly expanding range 
of Environmental Product 
Declarations (>8000); new 
and recently updated 
databases (e.g. ICE v3); 
suppliers increasingly able 
to provide information on 
request

Carbon assessment 
increasingly embedded 
into regulations (e.g. 
2014/52/EU); organisational 
requirements and 
standards (e.g. Network Rail 
Environmental and Social 
Minimum Requirements)

Carbon management 
commonplace; many 
organisations with carbon 
KPIs (e.g. Highways England 
supply chain emissions); 
some benchmarking 
(though often only for 
OpCarb & UseCarb)

Increasingly detailed and 
integrated system models 
evaluating futures but 
CapCarb largely absent 
from models and rarely 
assessed for investment 
pipelines

Current assessment practice



Creating open source resource to facilitate estimation 
of capital carbon of future projects and pipelines. Will 
include links to guidance & tools, amalgamating data 
from:

Materials, products & components:

EPD (Environmental Product Declaration) directories

Carbon factor databases (e.g. ICE database)

Bespoke tools

Assets & projects:
Independent LCA studies

Environmental Statements produced as part of EIA

Information from stakeholder databases

Current research project

Example excerpt from carbon assessment within A9/A96 Inshes to Smithton EIA

 

A9/A96 Inshes to Smithton 
DMRB Stage 3 Environmental Impact Assessment Report 
Appendix A17.2: Carbon Assessment   
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• treatment of wastes; 

• transportation of waste and material; 

• operational electricity consumption; and 

• emissions associated with maintenance activities.  

2.12 Footway quantities are not included in the pavement/sub base materials in Table 1, but are modelled 
and the impacts included in the results below. Footway construction depth is assumed to be 220mm, 
comprising Type 1 unbound mixture sub-base 150mm thick, dense macadam binder course with 20mm 
aggregate 50mm thick, close graded macadam surface course with 6mm aggregate 20mm thick = 
5,245m3 (including 10% worst-case scenario contingency). 

 
3 Results  
3.1 Transport Scotland’s Projects Carbon Tool was used to estimate the carbon emissions associated with 

the proposed scheme. The results are set out in Table 2, Table 3 and Table 4. The calculations are 
based on a worst-case scenario, including a 10% contingency to cover unknown items.  

3.2 Table 2 shows the total carbon emissions anticipated from the proposed scheme throughout its lifetime, 
during construction and maintenance. It should be noted that that due to rounding of data outputs there 
are slight discrepancies between the totals presented in Tables 3 and 4, when compared to Table 2. It 
is confirmed that the information provided in these tables is correct as an output of the Carbon Tool. 

Table 2: Proposed Scheme Emissions Summary (Worst Case Scenario Including 10% Contingency) 

Carbon source tCO2e 

Construction: Materials embodied 15,050 

Maintenance: Materials embodied 13,975 

3.3 Table 3 and Table 4 provide more detailed information on the carbon emissions for each of the 3 stages 
by splitting the figures into individual project elements and the carbon emissions for construction 
materials by type. All volumes shown are based on the worst-case scenario figures that include a 10% 
contingency.  

Table 3: Summary by Project Elements (Worst-case scenario including a 10% contingency) 

Project elements Materials embodied (tCO2e) Maintenance (materials embodied) 
(tCO2e) 

Drainage 60 615 
Earthworks 8,290 0 
Fencing 120 470 
Road Pavement 3,085 12,230 
Safety Barriers 125 490 
Signs 35 165 
Structures (civils & buildings) 3,345 0 
  



Highways

DMRB LA114

Highways England Carbon Tool for monthly/quarterly supplier submissions

Rail

Network Rail capital carbon guidance note 

RSSB Rail Carbon Tool

Network Rail Environmental Strategy

For more detail on assessment start with

https://www.standardsforhighways.co.uk/prod/attachments/87f12e4f-70f8-4eed-8aed-9e9a42e24183
https://www.gov.uk/government/publications/carbon-tool
https://safety.networkrail.co.uk/wp-content/uploads/2019/05/capital-carbon-ESD07-v.11.pdf
https://www.railindustrycarbon.com/Account/LogOn
https://www.networkrail.co.uk/wp-content/uploads/2020/09/NR-Environmental-Strategy-FINAL-web.pdf


From DMRB LA114:

Example problem - significance criteria

Design Manual for Roads and Bridges LA114 Climate - first published October 2019

LA 114 Revision 0 3. Assessment methodology

NOTE 1 The first life cycle stage is 'construction', which includes GHG emissions from the construction process
and the manufacture/transport of materials.

NOTE 2 The second life cycle stage is 'operation' which includes:

1) operation and maintenance, repair, replacement, refurbishment and land use changed (operational
maintenance GHG emissions); and

2) emissions from end-users (operational user GHG emissions).

NOTE 3 The third life cycle stage comprises opportunities to minimise production/use of GHG emissions i.e. the
potential for reduction of GHG emissions through reuse and recycling during the construction of the
scheme.

3.12 A proportionate approach shall be applied to calculating and reporting GHG emissions from changes in
land use and forestry (i.e reporting only where there is likely to be a substantial change).

3.13 The GHG emissions calculation for the project life cycle shall be completed using an industry
recognised carbon calculation tool(s) in accordance with the Overseeing Organisation requirements.

3.14 A proportionate approach shall be applied to capture the principal contributing factors associated with
GHG emissions.

3.15 The assessment of projects on climate shall report the quantities of GHG emissions in metric tonnes of
carbon dioxide equivalents (tCO2e).

3.16 An appropriate validated traffic model shall be used to estimate operational road user GHG emissions.

3.17 Emissions factor data for user GHG emissions shall enable assessment of the base year, opening year
and design (future) year scenarios.

Significance criteria

3.18 An assessment of project GHG emissions against UK government or Overseeing Organisation carbon
budgets shall be undertaken and presented as follows:

Table 3.18 Project GHG emissions against relevant carbon budgets

Project stage

Estimated total
carbon over carbon
budget (tCO2e)
('Do something'
Scenario)

Net CO2 project GHG
emissions
(tCO2e) (Do something
- Do minimum)

Relevant carbon budget

Construction

Operation

Total

3.19 Where a project stage extends over multiple carbon budget periods, the projects GHG emissions shall
be reported against each carbon budget for each project stage.

NOTE 1 National policy states that "It is very unlikely that the impact of a road project will, in isolation, affect the
ability of Government to meet its carbon reduction plan targets".

NOTE 2 In the context of NOTE 1, it is considered unlikely that projects will in isolation conclude significant
effects on climate.

3.20 The assessment of projects on climate shall only report significant effects where increases in GHG
emissions will have a material impact on the ability of Government to meet its carbon reduction targets.

3.20.1 Where assessment conclusions indicate that there is likely to be a 'material impact' on the
Government's carbon reduction targets, evidence to support this conclusion should be submitted to the
Overseeing Organisation.
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Government's carbon reduction targets, evidence to support this conclusion should be submitted to the
Overseeing Organisation.
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e.g. A14 DCO determines emissions are “negligible” on this basis:

Every individual project deemed insignificant

A14 Cambridge to Huntingdon improvement scheme Development Consent Order TR010018

7

1.3 Outcome of Carbon assessment 
1.3.1 The construction of the A14 Cambridge to Huntingdon improvement 

scheme (the scheme) is a major project, with considerable volumes of 
construction materials required. This type of scheme inevitably results 
in carbon emissions associated with the use of materials and energy 
expended in construction. In addition, the scheme seeks to increase 
road capacity, while making journeys quicker, safer and less 
congested. The additional capacity is predicted to increase numbers of 
vehicles using the road, which is likely to increase CO2 emissions from 
traffic compared to the situation in the absence of the scheme.  

Construction   

1.3.2 In the Carbon Assessment for the scheme (Appendix 13.2 of the ES) it 
is reported that the carbon footprint of the construction phase of the 
scheme would be approximately 981,432 tonnes of CO2e (tCO2e) and 
that this is primarily due to materials and excavation (75%) and 
transport and logistics (24%). 

1.3.3 The Highways England, and its construction contractors, are aware of 
the importance of reducing construction-related carbon, both to better 
meet environmental objectives and because carbon saving on site is 
almost always associated with a cost saving from materials, fuel 
reductions and reduced excavation.   

1.3.4 As reported in the Carbon Assessment for the scheme (Appendix 13.2 
of the ES), the energy use, excavation, transport and waste emissions 
associated with construction, which are the emissions areas that would 
contribute to the UK’s Carbon Budget, add up to 643,137 tCO2e (66% 
of the total construction phase emissions). This figure excludes 
embodied carbon within materials as the origin of these is currently 
unknown and embodied carbon emissions that occur outside of the UK 
are not included in the Carbon Budgets, nor do they count towards the 
UK’s 2050 target.   

1.3.5 If all of these construction related emissions were emitted in the 3rd 
Carbon Budget period (2018-2022) it would amount to 0.025% of the 
budget for that period, or 0.12% of the UK’s allowable annual 
emissions. 

Operations  

1.3.6 It is reported in the Carbon Assessment (ES Appendix 13.2) that during 
the operational phase of the scheme, it is expected that the “fully 
utilised” scheme would result in the emission of an additional 68,238 
tCO2 per year from traffic in the 2035 assessment year, and that by 
2041 when traffic growth is assumed to reach maximum likely levels 
there would be an additional 81,827 tCO2 per year.  Table1.2 sets out 
the operational emissions anticipated for future carbon budget periods 
and compares these with the UK total budget levels.   



In the absence of official estimates, others will step in, with negative consequences. e.g.

What about collectively?

Report available here

 

 
 
 
 
 
 
 
 
 
 
The carbon impact of the 
national roads programme 

 
 Lynn Sloman and Lisa Hopkinson 

 

With contributions from Phil Goodwin, Jillian Anable,  
Sally Cairns and Ian Taylor 

 
July 2020 

 

https://www.transportforqualityoflife.com/u/files/The%20carbon%20impact%20of%20the%20national%20roads%20programme%20FINAL.pdf


Estimated Capital Carbon = Anticipated Capital Spend x Carbon Intensity

Anticipated Capital Spend

£120bn for transport (£640bn for all infrastructure) to 2027/28

Then ~£26-31 bn/yr to 2050 in line with National Infrastructure Commission

Carbon Intensity 

Typically stated in gCO2e/£ CAPEX (or tCO2e/£m)

100-900 is typical range depending upon project type from literature reviews & project data

Top down construction sector average of 325 for most recent year

Good contractor (Skanska) 215 in 2018 - down from 351 in 2010; aiming for 130 by 2030 

Ballpark estimate for future transport infrastructure



Estimated Capital Carbon = Anticipated Capital Spend x Carbon Intensity

Brackets are range

Per year

8 MtCO2e (1.7-27.9) = 25 (17-31) x 325 (100-900)

Total to 2050

252 MtCO2e (72-750) = 775 (718-833) x 325 (100-900)

Ballpark estimate for future transport infrastructure



Based on IPA National Infrastructure & Construction Pipeline

Based on 9% actual data; 66% estimated data; 25% no data

Draft report stage

See Highways UK event for further discussion

More detailed estimate in preparation

Net Zero Infrastructure Coalition
including

https://play.skanska.com/media/Is+our+carbon+wallet+emptyF/1_n1fpimz6


Start by implementing routine programme/portfolio level assessment of capital carbon

Integrate capital carbon into system models

Avoid potential challenges through transparent data and decision making

Suggestions



Thank you
Please get in touch with any queries 
J.Giesekam@leeds.ac.uk 

these slides are available at www.jannikgiesekam.co.uk


