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CIEMAP work in construction
Two key areas
»» Assessing current and future material use and embodied carbon emissions
»» Understanding the barriers to greater material efficiency and the use of low
carbon materials
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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, CO2 reduction, construction sector, embodied carbon, greenhouse gas emissions,
market acceptance, professional knowledge

Introduction
The 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). Consequently, buildings are also responsible for 19% of
global greenhouse gas (GHG) emissions (Intergovernmental 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 principally focused on the operational GHG emissions

associated with energy use in activities such as space
heating, cooling and lighting. However, these regulatory drivers have not extended to the embodied
carbon1 associated with the initial production of structures (Figure 1).
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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 proportion 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%

# 2015 Taylor & Francis
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Construction 2025
Targets 50% reduction in greenhouse gas emissions
»» Envisages a sustainable industry that “leads the world in low-carbon and green
construction exports”
exeCutIve
| CONSTRUCTION2025
EXECUTIVESuMMAry
SUMMARY| CONSTRUCTION
2025

4

Working together, industry and Government have
a clear
defined
set of aspirations
Industrialdeveloped
Strategy: government
andand
industry
in partnership
for UK construction.
It begins with a clear vision of where UK construction will be in 2025:
• PEOPLE An industry that is known for its talented
and diverse workforce

• GROWTH An industry that drives growth across
the entire economy

• SMART An industry that is efficient and
technologically advanced

• LEADERSHIP An industry with clear leadership
from a Construction Leadership Council

• SUSTAINABLE An industry that leads the world
in low-carbon and green construction exports

This vision will provide the basis for the industry
to exploit its strengths in the global market.

Lower costs

Faster delivery

33%

50%

reduction in the initial cost of construction
and the whole life cost of built assets

reduction in the overall time, from inception to
completion, for newbuild and refurbished assets

Lower
emissions

Improvement
in exports

reduction in greenhouse gas emissions
in the built environment

reduction in the trade gap between total exports and
total imports for construction products and materials

50%

50%

Construction 2025

The global construction
market is forecast to grow
by over 70% by 2025. ukti.gov.uk/greatbritain

GuanGzhou opera house, winner of a ‘riBa
international award’. with stunninG British
architecture found throuGhout the world,
look to the uk for your next project

© Hufton+Crow

Our vision
for 2025

5
5

Guangzhou Opera House, China
Zaha Hadid Architects

Global Construction 2025;
Global Construction Perspectives and Oxford
Economics (July 2013)
The British-designed Reichstag uses reflected
light to significantly cut energy consumption.

The BriTish-designed reichsTag
uses reflecTed lighT To significanTly
cuT energy consumpTion.
HM Government
(2013) Construction 2025susTainaBle
for world-leading
archiTecTure, choose The uK
Image courtesy of UKTI

© Nigel Young / Foster + Partners

July 2013
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Low Carbon Routemap
Set trajectory for 80% reduction by 2050
»» Emphasised that “capital carbon must start to be addressed in tandem with
operational carbon”
The Green Construction Board

Low Carbon Routemap for the
UK Built Environment

Carbon Emissions in the UK Built Environment
Achieving 80% Reduction by 2050
This infographic is based on the Green Construction Board’s Low Carbon Routemap for the Built
Environment. Development of the Routemap was managed by WRAP, working in collaboration
with Arup and the Climate Centre. The carbon emission sources included in the analysis and their
values are based on the Routemap. For more information visit www.greenconstructionboard.org.
For each input, absolute values in 2050 are provided, unless followed by a
percentage increase between 2010 and 2050 or a
to denote a decrease.

to denote a
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Operational Non-Domestic includes heating, cooling, ventilation, hot water, and lighting and excludes cooking, other appliances, and plug loads.
Operational Domestic includes heating, cooling, ventilation, hot water, and lighting and excludes cooking, other appliances, and plug loads.
Operational infrastructure includes emissions from water/wastewater, outdoor lighting and construction and demolition (C&D) waste treatment,
and excludes emissions from use of infrastructure by vehicles.

Interventions and Assumptions
for Emissions Reductions

Capital carbon includes direct process emissions and indirect emissions from the manufacture and production of UK and imported construction
materials and products, emissions from the transport of materials, emissions associated with professional services in support of construction,
and all C&D work on site.
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Low Carbon Routemap update
Progress report produced in December 2015
»» Capital carbon emissions have increased since original Routemap report
»» Progress to 2013 suggests we are not on trend to meet 2025 ambitions
15 December 2015

250 MtCO2e
Green Construction Board Low Carbon
Routemap for the Built Environment

Historic emissions
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2015 Routemap Progress | Technical Report
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Green Construction Board (2015) Low Carbon Routemap for the UK Built Environment. Routemap Progress Technical Report
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Embodied carbon in construction
Estimated carbon footprint of UK construction supply chain
»» Built environment emissions 1990-2013

»» Embodied emissions in 2007
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Future projections
Anticipated embodied emissions of UK construction 2001-2030
»» 27 scenarios using UK Buildings and Infrastructure Embodied Carbon model
»» Including improvements in grid intensity from DECC
60 MtCO2e
Routemap interim targets
(against a 2010 baseline)
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Government Construction Strategy
For the current parliament
»» One of the principal objectives is to
“enable and drive whole-life approaches to
cost and carbon reduction”
»» Objective 3.6 is to “Develop data
requirements and benchmarks for
measurement of whole-life cost and wholelife carbon (embodied and operational)”
»» “Government contracts will encourage
innovative sustainability solutions on carbon
reduction where value can be demonstrated”
»» Aim of ultimately forming
“recommendations for a future approach”

Reporting to HM Treasury
and Cabinet Office

The Infrastructure and Projects Authority (2016) Government Construction Strategy 2016-2020

Government Construction
Strategy 2016-20
March 2016
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Drivers of low carbon construction
Client demands and leadership from industry
»» 50+ organisations signed up to Infrastructure Carbon Review
»» 30+ organisations with commitments to measure or reduce embodied carbon
in buildings
»» 10+ Local Authorities interested
»» Wealth of recent guidance documents
RICS QS & Construction Standards IP 32/2012

RICS Professional Information, UK

Methodology to calculate
embodied carbon of materials
1st edition, information paper

FEBRUARY 2015

Tackling embodied
carbon in buildings

Infrastructure Carbon Review

rics.org/standards
CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT
© 2014 UK Green Building Council Registered charity number 1135153
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Understanding the barriers
Within the industry
»» Conducted surveys and interviews and a policy workshop at the Royal Academy
of Engineering
»» Ongoing programme of stakeholder engagement

And with end users
»» Upcoming collaboration between universities of York, Sheffield and Leeds
assessing ‘public perceptions and experiences of low carbon building materials’
Energy and Buildings 78 (2014) 202–214
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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 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 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 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.

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 biodiversity represent a fundamental risk to the health and livelihoods of
a large portion of the global population. The extensive and growing 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 terrestrial 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 single 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).
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0378-7788/© 2014 Elsevier B.V. All rights reserved.

In the UK, the volume of carbon dioxide emissions that the
construction sector inﬂuences is signiﬁcant, accounting for an estimated 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 responsible 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 represents 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].
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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
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these barriers include earlier engagement of professionals along the supply chain, effective use of whole-life costing,
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changing attitudes if embodied carbon is to be established as a mainstream construction industry concern.
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Introduction
The 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). Consequently, buildings are also responsible for 19% of
global greenhouse gas (GHG) emissions (Intergovernmental 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 principally focused on the operational GHG emissions

associated with energy use in activities such as space
heating, cooling and lighting. However, these regulatory drivers have not extended to the embodied
carbon1 associated with the initial production of structures (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 proportion 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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Scope for mitigation in infrastructure
Assessment of embodied carbon in NIP for CCC
»» High level assessment projected ~244 MtCO2e associated with 2014 NIP
»» Next step is to integrate embodied carbon into asset level demand projections

National Infrastructure
Plan 2014
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December 2014

Assessment reported in CCC (2015) Meeting Carbon Budgets Report to Parliament

Reporting to HM Treasury and Cabinet Office

National Infrastructure
Delivery Plan 2016–2021

March
March 2016
2016

Slide 11 of 12

Questions for the panel
For starters
»» With an infrastructure project pipeline exceeding £483bn, what more can be
done to ensure material efficiency is a key consideration on these projects?
»» How can the industry work with Government to implement effective drivers for
material efficiency and whole life carbon reduction?
»» What can the construction sector do to support clients in driving change?
»» What more could professional institutions do to support this transition?
»» What role should more heavily regulated sectors play in driving best practice?
»» What lessons from the infrastructure sector can be transferred to the broader
construction industry?
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