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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 commitments. 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 commitments and progress in carbon mitigation; analyses the unique challenges in aligning construction targets,
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The UK construction industry faces the daunting task of replacing and extending a signiﬁcant proportion 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
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2015 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
http://dx.doi.org/10.1080/09613218.2016.1086872
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 modelling 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.
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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).
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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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Introduction

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).

Limiting
any increase in global average temperature to ‘well
# 2015 Taylor
& Francis
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.
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In the UK, Construction 2025 sets the more modest target of
halving GHG emissions from the built environment by 2025

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

Presentation outline
A few slides on each
Part 1: The UK experience of reducing material use & embodied carbon emissions
Part 2: 5 key challenges for this project & some suggestions
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UK progress on carbon reduction
Progress updates from December 2015 & September 2017
»» The UK is behind on its carbon reduction targets for the built environment
partly because of a failure to address embodied emissions in materials
Total built environment emissions in 2014

250 MtCO2e

Infrastructure

Total built environment emissions

200

100

Green Construction Board Routemap
80% reduction scenario

50

Construction 2025
& Sector Deal

2025 target
113 MtCO2e
Domestic

Embodied carbon emissions

Climate Change Act

Infrastructure

0
2005

Non-domestic

Operational carbon
from existing assets
136 MtCO2e (74%)

150

2010

2015

2020

2025

184 MtCO2e

Embodied carbon
in new assets
48 MtCO2e (26%)

2050 target
45 MtCO2e

Non-domestic
Domestic

See Giesekam et al. (2018) doi:10.1016/j.enbuild.2018.01.023 for discussion
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CapCarb as a share of whole life emissions
Is already greater than OpCarb on many UK building projects
Supermarket

Office

Semi-detached house

Warehouse

Materials
Construction
Operational water and energy
Maintenance and repairs
End of life

Adapted from UKGBC (2017) Embodied carbon: developing a client brief - based on project life cycle assessments from 2014
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UK construction industry carbon targets
Some clients are setting qualitative targets that focus
on minimising carbon footprints and using tools
to minimise carbon, for example collecting more
accurate carbon data on all projects, in order to set
targets in the future.

Are currently insufficient but due for change

Figure 5 shows the scale and the timeframes of the
operational, capital and whole life carbon targets that
have been set by the surveyed clients, alongside other
publicly available carbon targets from other clients and
projects.

»» Mostly short-term targets focussed on operational emissions
Of those clients interviewed, the majority have been
setting carbon targets for more than five years, which
suggests it is a well-established process. Further,
most organisations are using their own datasets
as baselines, which indicates a level of maturity in
addressing their emissions.

Most of the targets are set to be achieved by
the year 2020. This ‘cliff edge’ shows that shortterm rather than long-term targets are being set,
despite the requirement for an 80% reduction in UK
emissions by 2050.

»» Though there is a growing minority of firms assessing embodied emissions and
attempting to make reductions through improved material efficiency, material
substitution etc.

100%

Carbon reduction targets of selected UK construction firms
(representing total turnover of £88.4bn in 2016)

Carbon reduction targets of selected infrastructure clients
80%
70%
60%

Baseline year
Year by which target is
to be achieved

60

Carbon target

Carbon reduction target

80

National/sector targets
Company targets
Scope 1 & 2
Scope 1, 2 & 3
Reductions plus offset

40

50%

OpCarb
CapCarb
WL Carb

40%

Baseline year

30%

Year by which
the target needs to
be achieved

20%

20

10%
0
1990

1995

2000

2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

1990

2000

2010

2020
Year

2030

2050

Figure 5. Publicly available client infrastructure carbon targets

Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate change mitigation commitments
doi:10.1016/j.enbuild.2018.01.023 & UKGBC (2017) Delivering low carbon infrastructure
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To reduce embodied carbon in UK construction
»» British Land target relative to concept design
»» Land Securities target

172Ml/d
60%

»» M&S Plan A commitment

£0.83bn

»» Prologis UK have had requirements to minimise and offset remaining embodied
carbon since 2009

186Ml/d
Email us

walls and
ﬂoors. in operational
objective of mitigating
future potential
increases
BREEAM Veryagainst
Good
BREEAM Excellent
n
LEAKAGE
CLOSE TO HISTORICALLY
driley3@anglianwater.co.uk
READ ABOUT OUR PERFORMANCE IN DETAIL
carbon emissions and reducing capital carbon
in
assets
we
design
and
build.
We’ve appointed Sturgis Carbon Proﬁling, aLOW
specialist
consultancy,
LEVELS
to identify ways in which we can measure and reduce the embodied
Medium-term target
design/commitments
1/2
carbon in our ceilings, walls and ﬂoors. We’re aiming for this work to
Delivered
by
2017
Reduce capital carbon emissions by 60% be
bycompleted
2020 fromin
a 2016/17.
2010 baseline.
Company information
Reduce gross operational carbon emissions by 7% in real terms by 2020 from
REDUCTION IN CAPITAL CARBON
a 2015 baseline.
FROM A 2010 BASELINE
Anglian Water Services Limited
Long-term target
is a private limited company
** Assured
DNV (2016)
GL
British Land (2015); Land Securities (2016); M&S (2016);
Anglianby
Water
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Our long-term aspiration is to reduce our total annual GHG emissions by 50%
incorporated in England with

»» Anglian Water are targeting a 70% reduction by 2030 from a 2010 baseline

55%

Ang

UK guidance on embodied carbon
Array of recent standards and guidance
Embodied and
whole life carbon
assessment
for architects

RICS professional statement

FEBRUARY 2015

Embodied Carbon:
Developing a Client Brief

Tackling embodied
carbon in buildings

RICS professional standards and guidance, UK

Whole life carbon
assessment for the
built environment
1st edition, November, 2017

© Derwent London | Brunel Building

March 2017
WO R K S P O N S O R E D BY:

rics.org/guidance

CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT
© 2014 UK Green Building Council Registered charity number 1135153

a guide to understanding
the embodied impacts
of construction products

Information sheet for construction clients and designers

Embodied Carbon

This guidance will help you identify basic cost-effective actions to reduce the
carbon impact of the materials used in your construction projects.

and
Recommendations for Zero Carbon Building Regulations
and Allowable Solutions

What is good practice?

Carbon saving action

As Building Regulations reduce operational emissions towards
zero, the “embodied” CO2 emissions associated with supplying
materials can be as much as 50% of total emissions over a
building‟s lifetime.

Using less materials

If you reduce embodied carbon, you can benefit financially
from:
 reductions in materials use and waste;
 less reliance on energy-intensive manufacturing
routes; and
 a reputation for good environmental management.

June 2014

1.

More efficient building design
(e.g. compact building form)

Varies by building type –
typically, up to 5% (of a
building‟s total embodied
carbon)

2.

Change the specification for
building elements (e.g. lowerweight roof design)

Varies by element type and
specification – typically, up
to 20% for major structure
and cladding elements is
achievable – see also 6
below

3.

Design for less waste on site
(e.g. to cut wastage rates on the
top 10 materials from baseline to
good practice)

Varies depending on
materials specified and
extent of off-site
construction – typically up
to 10% is achievable

4.

Design for off-site construction
(e.g. to benefit from lower
wastage and efficient fabrication)

Varies depending on the
extent of off-site
construction – up to 10%
typically achievable

Design for reuse and
deconstruction (e.g. increase
reuse of materials from
demolition and earthworks on the
current site; design a building for
deconstruction at the end of its
life; design a building for easy
reconfiguration during its life)

Significant savings on
whole-life basis. Little
impact on embodied carbon
savings on „cradle to gate‟
basis (see footnote 2)

From the client‟s perspective, a simple approach to cutting
embodied carbon is to set the following requirement in the
project specification and design team appointment:

“identify the [5-10] most significant cost-effective
opportunities to reduce the embodied carbon
emissions associated with the project (e.g. through
leaner design, designing out waste, reusing
materials, and selecting materials with lower
embodied carbon over the project life-cycle),
quantify the savings made through individual
design changes, and report actions and outcomes
as part of a Carbon Efficiency Plan”

Supported by

In response, the design team would focus on quantifying the
savings associated with just a few changes for specific project
elements/components. They can use existing assessment
methods (and, in the future, methods compliant with the
emerging European standard CEN TC350). They do not need
to calculate a carbon footprint for the whole project – they
would simply estimate with-without differences.
The following Table lists the types of action a design team
should consider and the scale of savings achievable (which
will vary from project to project). The examples mainly refer
to buildings, although the principles apply to infrastructure
projects as well.

Embodied Carbon Industry Task Force Recommendations – June 2014_Final

1

5.

Practical how-to guide:
Measuring Embodied Carbon on a Project

Range of carbon
savings

Using alternative materials
6.

Select materials with lower
carbon intensities (e.g. cement
substitutes such as PFA or
sustainably-sourced timber)

Varies by building type and
specification – typically, up
to 20% is achievable

7.

Select reused or higher recycled
content products and materials
(e.g. reclaimed bricks, higher
recycled content blocks, locally
recycled aggregates) offering
lower carbon intensities

Varies by extent of reusable
materials available –
typically up to 10% is
achievable for some
elements

8.

Select materials with lower
transport-related carbon
emissions (e.g. locally-sourced
aggregates)

Varies by transport volumes
and modes – typically up to
2.5% is achievable, and
more in infrastructure
projects

9.

Select materials with high levels
of durability and low through-life
maintenance (e.g. facades and
fixing components which last as
long as the building frame)

Significant savings on
whole-life basis. Little
impact on embodied carbon
savings on „cradle to gate‟
basis (see footnote 2)

Construction Scope 3 (Embodied)
Greenhouse Gas Accounting
and Reporting Guidance
March 2013

AF

Proposals for Standardised Measurement Method

For this ‘How To’ Masterclass, the UK-GBC has partnered with BRE to provide you with a short
guidance note on how to get started measuring embodied carbon on a project. Please note, this
guide may be updated at the end of Embodied Carbon Week.

Background to BRE & UK Green Building Council

The UK Green Building Council requires its members to continually improve performance around sustainability.
Resource efficiency and reducing embodied carbon is rapidly becoming a key area of focus for industry. For
many the topic is complex, difficult to navigate and unclear in terms of where to start with measurement and
reporting.
For almost 20 years the Green Guide to Specification has provided a means for designers to compare the
embodied environmental impacts, including carbon, of building elements (e.g. floors, roofs, walls). The Green
Guide is also how embodied impacts are assessed in BREEAM schemes. In addition, BRE carries out EPD
(environmental product declarations) and responsible sourcing certification for construction products. Recently
BRE, along with three other partners, launched IMPACT - whole building life cycle assessment for BIM.

DR

Industry Task Force Recommendations

T

Cutting embodied carbon in
construction projects

Useful links and resources on embodied carbon measurement for a project
The information on the following pages has been prepared to provide you with a simple ‘quick start’ guide;
setting out the fundamental steps involved in measuring and reducing embodied carbon on a project. By
following these simple steps, you will have a good foundation-level understanding of how to measure
embodied carbon on a project.

Top tips before you get started:

✓ Start early in the design process
✓ Familiarise yourself with basics of life cycle assessment
✓ Establish the commissioning client’s requirements and develop a goal and scope (e.g. carbon only or with
other indicators, cradle to gate or grave, compliance with standards e.g. EN 15978, options to appraise,
target setting, BREEAM, LEED etc. credits)
✓ Decide if you have the required skill to undertake the assessment, or if you need a specialist consultant
✓ Identify a tool that will improve the accuracy and efficiency of the assessment
✓ Engage all of the design team members into the process

1

RIBA (2018); RICS (2017); UKGBC (2015, 2016, 2017); GCB & CLC (2016); Battle et al. (2014); WRAP (2014); GLA(2013); CPA (2012) Slide 8 of 14

Challenges for this project
Include
1: Representing Africa
2: Securing representative sources of material intensity coefficients
3: Determining maintenance requirements and service lives
4: Modelling the dynamics of changing material use
5: Harnessing new approaches
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more than half of new buildings expected to 2060 will be
constructed. More alarmingly, two-thirds of those additions
are expected to occur in countries that do not currently have
mandatory building energy codes in place.3

response to drive change and scale up actions ac
buildings and construction sector. This includes
balance of regulatory tools (e.g. building energy
incentives and financing tools, information and c
building, and support for successful business
Building growth will be particularly rapid in Asia and Africa
that attract private-sector investments and inn
»
»
High
share
of
projected
global
growth
in
stock
(Figure 3). For instance, floor area in India is expected to
solutions. It also will likely require changes in be
1
double
by 2035.range
Yet, only
of the studies
sector is covered
by
»» Limited
ofpart
African
in literature
(e.g.social
Johannesburg
and
practices.4 )
mandatory building energy codes.

Challenge 1: Representing Africa
On the project and in the model

»» Extreme inhomogeneity of stock

FIGURE
3
Floor
areafor
additions
toof
2060
bystudies
key regions
»» Limited
scope
transfer
past
between

contexts

Project floor area additions to 2060 by key regions2
Africa

Current flo

China
India
North America

Floor area addi

Europe

2017-30

ASEAN
Latin America

2030-40

Other Asia
Middle East

2040-50

OECD Pacific
Russia and Caspian region
- 90

- 60

- 30

0

30

60

90

2050-60

billion m2

Göswein et al. (2017) Embodied GHGs in a Fast Growing City doi:10.1111/jiec.12700
Slide 10 of 14
2
Environment
& IEA (2017)
Towards
a zero-emission,
and resilient
buildings
and construction
sector. Global status report
Notes:UN
OECD
Pacific includes
Australia,
New Zealand,
Japan andefficient
Korea; ASEAN
= Association
of Southeast
Asian Nations.
1

2: Material intensity coefficients
Improving on current practice
»» Which data from current literature, models & databases provides the best
starting point and who should synthesise it?
»» Can
the modelling community move from
depending upon case studies and
Engineering Sustainability
Material quantities and embodied carbon
dioxide anonymised
in structures
donated company data to regularly updated
data (or distributions)
De Wolf, Yang, Cox et al.
from samples of BOQs compiled by third parties? (e.g. RICS BCIS returns)
»» Is there scope to commission work assessing coefficients for developing
countries that are currently poorly represented?
Structural material quantities from DeQo database compiled by De Wolf et al.1
3500

SMQ: kg/m2
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Maximum, within 1∙5IQR of the
upper quartile
Third quartile Q3
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First quartile Q1
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8

Programme type and number of projects in database
(a)
1

De Wolf et al. (2015) Material quantities and embodied carbon dioxide in structures doi: 10.1680/ensu.15.00033
1200
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3: Maintenance & service lives
Improving upon current practice
»» Maintenance requirements of existing stock will be the key driver in
industrialised countries (e.g. non-metallic mineral use in the EU251)
»» Non-residential buildings are crucial yet there are few detailed attempts at stock
characterization in the literature (e.g. study of Rhine-Main area2)
»» Better data informing central estimates & distributions of service lives is required3
»» Is there scope to form archetypes based on assembly/component based
building inventories4 that can inform a refurbishment database5?

Wiedenhofer et al. (2015) doi:10.1111/jiec.12216 2Schebek et al. (2017) doi:10.1016/j.resconrec.2016.06.001 3Miatto et al. (2017)Slide 12 of 14
doi:10.1016/j.resconrec.2017.01.015 4Stephan et al. (2018) doi:10.1016/j.resconrec.2017.09.022 5Ostermeyer et al. (2017) doi:10.1111/jiec.12616
1

4: Capturing the dynamics of change
Uptake will not be smooth and incremental
»» Material preferences and drivers of change are sub-regional and sub-national
»» Changes in material palettes occur in parallel with changes in business model
»» Change in mature markets requires a break with path dependent development1
- this will not be incremental change and tipping points may be encountered
Example: changing materials in the UK housing market
Some typical UK homes under construction in 2015

Legal & General Homes CLT mega-factory in 2018

Jones et al. (2016) Adoption of unconventional approaches in construction doi: 10.1016/j.conbuildmat.2016.08.088

1
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5: Harnessing new approaches
Incorporating novel data sources and methods
»» Correlating light from night time satellite imagery with stock (e.g. steel1)
»» Integration of local data on activities (energy use, EPCs etc.) with DEMs and
envelope areas in GIS to generate 3D stock models (e.g. several UK cities2)
»» Vehicles/drones with mobile sensors used to conduct automated scanning of
buildings; results combined with machine learning algorithms to estimate real
façade materials quantities etc. (e.g. Sheffield Urban Flows Observatory)
The deluxe approach of the future?
1. Remote automated assessment of sample areas (from selected cities across regions)
2.Results passed through machine learning algorithms to identify materials
3.Results then attached to LiDAR data in GIS to create 3D stock models
4.Sample city results extrapolated to other locations based upon floor areas
obtained from night time satellite imagery
Hsu et al. (2013) doi:10.1080/01431161.2012.712232
2
Evans et al. (2017) 3D Stock doi:10.1177/0265813516652898
1

Slide 14 of 14

