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CIEMAP
Our mission

»» Working closely with government and industry, CIEMAP conducts research to 
identify all the opportunities along the product supply chain that ultimately 
deliver a reduction in industrial energy use

»» One of 6 RCUK funded centres focussing on end use energy demand in the UK

»» Interdisciplinary team from the universities of Leeds, Bath, Cardiff and 
Nottingham Trent, plus contributions from the Green Alliance
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CIEMAP
Our work

»» Policy relevant research to 
understand the relationship between 
environmental pressures, the economy 
and society

»» Develop quantitative approaches 
to understand how energy and 
emissions interact with production and 
consumption systems

»» Develop scenarios to understand 
underlying drivers and policy responses 
to minimise environmental pressures
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CIEMAP
Our approach

»» Combining economy wide and sector specific analyses along supply chains

CIEMAP (2016) A Low Carbon Future for the UK. Report available now from ciemap.ac.uk
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CIEMAP
Our methods

Quantitative

Qualitative

»» Mix of techniques required to analyse complex systems

»» Multi Region Input Output (MRIO)

»» Life Cycle Assessment (LCA):         
process based, IO and hybrids

»» Material Flow Accounting (MFA)

»» Exergy analysis

»» Surveys 

»» Interviews

»» Workshops

»» Other participatory approaches

Global IO matrix (with ~112 billion entries)
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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 

Green Construction Board Low Carbon 
Routemap for the Built Environment 

2015 Routemap Progress | Technical Report

15 December 2015

Meeting Carbon Budgets - Progress 
in reducing the UK’s emissions
2015 Report to Parliament
Committee on Climate Change
June 2015

Committee on Climate Change 
7 Holbein Place 
London 
SW1W 8NR

www.theccc.org.uk 

@theCCCuk
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Construction sector viewson lowcarbon
buildingmaterials

Jannik Giesekam1, JohnR.Barrett2 and PeterTaylor3

1Energy Research Institute,University of Leeds, Leeds LS2 9JT,UK
E-mail: pmjjg@leeds.ac.uk

2SustainabilityResearch Institute,School of Earth andEnvironment,University of Leeds,LeedsLS2 9JT,UK

3Centre for Integrated Energy Research,School of Earth and Environment,University of Leeds,
Leeds LS2 9JT,UK

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). 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%

BUILDING RESEARCH & INFORMATION 2015
http://dx.doi.org/10.1080/09613218.2016.1086872

# 2015 Taylor & Francis
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BUILDING ON THE PARIS AGREEMENT: MAKING THE CASE FOR EMBODIED 
CARBON INTENSITY TARGETS IN CONSTRUCTION  

 
Jannik Giesekam1, Danielle Densley-Tingley2, and John Barrett1 

1 Sustainability Research Institute, School of Earth and Environment, University of Leeds, 
Leeds, UK. 

2 Department of Civil and Structural Engineering, University of Sheffield 
 

 
 
ABSTRACT 
Progressive clients are targeting embodied carbon 
reduction through the introduction of carbon intensity 
targets (CITs). CITs challenge design teams to deliver 
buildings with supply chain carbon emissions below a 
set level per functional unit. Despite CITs acting as 
catalysts for innovation, there are few drivers for their 
use and substantial variations in their implementation. 
There is also no means for ensuring consistency 
between project CITs and national mitigation targets, 
nor a mechanism for ratcheting up ambitions as 
anticipated by the Paris Agreement on climate change. 
This paper discusses these concerns and suggests how 
CITs could in future be determined, implemented and 
enforced. 

INTRODUCTION 
The UK’s principal construction strategy, 
Construction 2025, sets a target of halving greenhouse 
gas (GHG) emissions from the built environment over 
the coming decade (HM Government, 2013). This is 
with a view to achieving longer term reductions 
consistent with the national target of an 80% reduction 
in GHG emissions by 2050 compared with 1990 levels 
(Climate Change Act, 2008). The Green Construction 
Board’s Low Carbon Routemap for the Built 
Environment set out the steps required to achieve this 
and called for an increased focus upon embodied 
carbon mitigation (GCB, 2013). A recent update on 
Routemap progress found a widening gap to sector 
targets and restated the need to achieve reductions in 
embodied carbon in addition to operational emissions 
(Steele et al., 2015). The update recommended the 
introduction of embodied carbon intensity targets 
(CITs). CITs challenge design teams to deliver 
buildings with supply chain carbon emissions below a 
set level per functional unit and can act as a significant 
driver of innovation. However, the approach by which 
CITs should be determined, implemented and 
enforced remains unclear. This paper addresses a 
number of outstanding questions on this topic.  
The first two sections briefly outline the embodied 
GHG emissions associated with UK construction 
activity and current carbon assessment practice. The 
third section highlights a number of inconsistencies in 

the current determination of CITs. The fourth section 
proposes measures to improve the future 
determination of CITs, and the fifth section considers 
the corresponding drivers for their use. The final 
section draws together some outstanding questions 
that should be the subject of future research. 

EMBODIED CARBON IN THE UK 
CONSTRUCTION INDUSTRY 
Over recent years, embodied carbon emissions in the 
construction supply chain have typically accounted for 
a quarter of total GHG emissions from the built 
environment and are comparable in magnitude to 
annual tailpipe emissions from all cars on UK roads 
(see Figure 1). Analysis of their distribution reveals 
that the bulk of emissions are associated with material 
production and a significant proportion occur overseas 
(see Figure 2). This restricts the scope of policies 
addressed at UK and European material producers 
(such as the EU Emissions Trading Scheme) to 
achieve substantial emission reductions. With the 
Government’s central estimates suggesting that the 
UK population will increase by 14 million by 2050 
(ONS, 2011), demand for housing and infrastructure 
is expected to markedly increase. DCLG projects an 
additional 3.6 million households will require new 
homes by 2030 (DCLG, 2015); meanwhile the 
National Infrastructure Delivery Plan 2016-2021 sets 
out projected infrastructure investments of £483 
billion (IPA, 2016b). This increased construction 
output is likely to incur signficant embodied carbon 
emissions. Scenario analysis with the UK Buildings 
and Infrastructure Embodied Carbon model (UK 
BIEC),  developed at the University of Leeds, reveals 
that anticipated reductions in the carbon intensity of 
the electricity supply are unlikely to offset the impacts 
of this increased construction activity (Giesekam et al, 
In Press) (see Figure 3). Consequently, sizeable 
reductions in embodied carbon intensity will need to 
be achieved through design changes across projects of 
all types if the targets set out in the GCB Routemap 
are to be achieved whilst meeting anticipated increases 
in demand. The required reductions in carbon intensity 
will be even greater if carbon capture and storage 
technology continues to be uneconomic for material 
producers.  

Scenario analysis of embodied
greenhouse gas emissions in
UK construction
Jannik Giesekam MEng
Research Fellow in Energy, Materials and Climate Policy, Sustainability
Research Institute, School of Earth and Environment, University of Leeds,
Leeds, UK (corresponding author: j.giesekam@leeds.ac.uk)

John Barrett PhD
Professor of Energy and Climate Policy, Sustainability Research Institute,
School of Earth and Environment, University of Leeds, Leeds, UK

Peter Taylor PhD
Professor of Sustainable Energy Systems, Centre for Integrated Energy
Research, University of Leeds, Leeds, UK; Energy Research Institute, School
of Chemical and Process Engineering, University of Leeds, Leeds, UK;
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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

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.

Giesekam et al. (2014, 2016, In Press); CCC (2015); GCB (2015); Giesekam et al. (2016) - all available at ciemap.ac.uk



Paris Agreement on climate change
Global agreement in December 2015
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»» Signed by 180 parties, ratified by 27 so far 
(representing 39% of global emissions) 

»» Commits to “holding the increase in the global 
average temperature to well below 2 °C above pre-
industrial levels and to pursue efforts to limit the 
temperature increase to 1.5 °C above pre-industrial 
levels”

»» With goal of achieving “a balance between 
anthropogenic emissions by sources and removals by 
sinks of greenhouse gases in the second half of this 
century”

»» Commits parties to global stock-take and ratcheting 
up of ambitions every 5 years

»» IPCC to produce 2018 report on pathways to 1.5°C

 

GE.15-21932(E) 
*1521932* 

 
 

Conference of the Parties 
Twenty-first session 
Paris, 30 November to 11 December 2015 

Agenda item 4(b) 
Durban Platform for Enhanced Action (decision 1/CP.17) 
Adoption of a protocol, another legal instrument, or an  
agreed outcome with legal force under the Convention  
applicable to all Parties 

  ADOPTION OF THE PARIS AGREEMENT 

Proposal by the President 

Draft decision -/CP.21 

The Conference of the Parties, 

Recalling decision 1/CP.17 on the establishment of the Ad Hoc Working Group on 
the Durban Platform for Enhanced Action, 

Also recalling Articles 2, 3 and 4 of the Convention, 

Further recalling relevant decisions of the Conference of the Parties, including 
decisions 1/CP.16, 2/CP.18, 1/CP.19 and 1/CP.20, 

Welcoming the adoption of United Nations General Assembly resolution 
A/RES/70/1, “Transforming our world: the 2030 Agenda for Sustainable Development”, in 
particular its goal 13, and the adoption of the Addis Ababa Action Agenda of the third 
International Conference on Financing for Development and the adoption of the Sendai 
Framework for Disaster Risk Reduction, 

Recognizing that climate change represents an urgent and potentially irreversible 
threat to human societies and the planet and thus requires the widest possible cooperation 
by all countries, and their participation in an effective and appropriate international 
response, with a view to accelerating the reduction of global greenhouse gas emissions,  

Also recognizing that deep reductions in global emissions will be required in order 
to achieve the ultimate objective of the Convention and emphasizing the need for urgency 
in addressing climate change,  

Acknowledging that climate change is a common concern of humankind, Parties 
should, when taking action to address climate change, respect, promote and consider their 
respective obligations on human rights, the right to health, the rights of indigenous peoples, 

 
+ 

 
United Nations FCCC/CP/2015/L.9/Rev.1 

 
 

 
Distr.: Limited 
12 December 2015 
 
Original: English 

United Nations (2015) Adoption of the Paris Agreement



What might this look like?
One potential pathway

Slide 8 of 30Forster (2015) - more info at www.carbonbrief.org/piers-forster-1-5c-is-a-brave-new-world



Interim targets for the UK
Based on series of legally binding 5 year budgets
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Construction 2025
Targets 50% reduction in GHG emissions in the built environment
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»» Envisages a sustainable industry that “leads the world in low-carbon and green 
construction exports”

 exeCutIve SuMMAry | CONSTRUCTION 2025 5

Our vision  
for 2025

The BriTish-designed reichsTag 
uses reflecTed lighT To significanTly 
cuT energy consumpTion. 
for world-leading susTainaBle 
archiTecTure, choose The uK

The Reichstag, Berlin
Foster + Partners Architects

ukti.gov.uk/greatbritain
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•    PEOPLE  An industry that is known for its talented  
and diverse workforce

•    SMART An industry that is efficient and  
technologically advanced

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

•    GROWTH An industry that drives growth across  
the entire economy

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

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

EXECUTIVE SUMMARY | CONSTRUCTION 2025

Working together, industry and Government have 
developed a clear and defined set of aspirations  
for UK construction.

The global construction  
market is forecast to grow  
by over 70% by 2025. 
 
Global Construction 2025; 
Global Construction Perspectives and Oxford  
Economics (July 2013)

Guangzhou Opera House, China
Zaha Hadid Architects

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

ukti.gov.uk/greatbritain  

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

Lower costs 

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

Improvement  
in exports

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

Faster delivery 

reduction in greenhouse gas emissions  
in the built environment 

Lower  
emissions

50% 50%

50%33%

The British-designed Reichstag uses reflected  
light to significantly cut energy consumption.

It begins with a clear vision of where UK construction will be in 2025:  

Image courtesy of UKTI

4 5

Construction 2025  

July 2013

Industrial Strategy: government and industry in partnership

HM Government (2013) Construction 2025



Low Carbon Routemap
Initial report set out target trajectory to 2050
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»» 2013 routemap showed substantial reductions in capital carbon required in 
addition to operational reductions
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Draught Proofing
3,378 K Hard
18,337 K Easy

Homes
Super Glazing
3,180 K Hard
17,262 K Easy

Homes Cavity Wall Insulation
2,541 K Hard
1,729 K Easy

Homes Floor Insulation
1,599 K Hard
8,682 K Easy

Homes Loft Insulation
1,190 K Hard
5,900 K Easy

Homes Solid Wall Insulation
1,074 K Hard  
5829 K Easy

Homes

2.3%

50%

70%

of potential

of potential

Lighting
Technology Energy

Savings

Compound Annual

Carbon Emissions in the UK Built Environment
Achieving 80% Reduction by 2050

Baseline 1990 Carbon Dioxide 
Emissions (MtCO2e)

Interventions and Assumptions 
for Emissions Reductions

2050 Carbon Dioxide Emissions 
(MtCO2e) 

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.

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.

Carbon emission sources coveredLegend

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       to denote a 
percentage increase between 2010 and 2050 or a       to denote a decrease.

Submetering
+Commissioning

Lighting
+Controls

Heat
Recovery

Voltage
Optimization

Glazing 
G-Values

Glazing
U-Values

Solids
U-Values

Low Carbon Routemap for the 
UK Built Environment
5 March, 2013

The Green Construction Board

Green Construction Board (2013) Low Carbon Routemap for the UK Built Environment



Life cycle emissions
Common definition
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Low Carbon Routemap
Progress report produced in December 2015
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»» Progress to 2013 suggests we are not on trend to meet 2025 ambitions

»» Capital carbon emissions have increased since original report

Green Construction Board Low Carbon 
Routemap for the Built Environment 

2015 Routemap Progress | Technical Report

15 December 2015

Historic emissions

Routemap 80% reduction scenario
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Green Construction Board (2015) Low Carbon Routemap for the UK Built Environment. Routemap Progress Technical Report



Carbon in UK construction
Estimated carbon footprint of UK construction supply chain

Giesekam et al. (2014) Energy and Buildings 78 pp202-214 Slide 14 of 30

»» Embodied emissions in 2007»» Built environment emissions 1990-2013
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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

HM Treasury

National Infrastructure 
Plan 2014

December 2014

Meeting Carbon Budgets - Progress 
in reducing the UK’s emissions
2015 Report to Parliament
Committee on Climate Change
June 2015

Committee on Climate Change 
7 Holbein Place 
London 
SW1W 8NR

www.theccc.org.uk 

@theCCCuk

M
eeting Carbon Budgets - Progress in reducing the U

K’s em
issions | Com

m
ittee on Clim

ate Change | 2015 Report to Parliam
ent

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

March 2016

Reporting to HM Treasury and Cabinet Office

National Infrastructure 
Delivery Plan 2016–2021

March 2016



Required reductions
Anticipated embodied emissions of UK construction 2001-2030
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2050 target

21% by 2022

29% by 2027
34% by 2037

Required improvements 
from design, material 
manufacture and on-site 
activities 

CCS
39% by 2050

x% by 20xx

Routemap interim targets
(against a 2010 baseline)

Range of demand projections

60 MtCO2e

»» 27 scenarios using UK Buildings and Infrastructure Embodied Carbon model

»» Including improvements in grid intensity from DECC

Giesekam et al. (In Press) Scenario analysis of embodied greenhouse gas emissions in UK construction



Government Construction Strategy
For the current parliament

The Infrastructure and Projects Authority (2016) Government Construction Strategy 2016-2020 Slide 17 of 30

»» 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 whole-
life carbon (embodied and operational)”

»» “Government contracts will encourage 
innovative sustainability solutions on carbon 
reduction where value can be demonstrated”

»» Ultimately forming “recommendations for a 
future approach”

Reporting to HM Treasury
and Cabinet Office

Government Construction 
Strategy 2016-20

March 2016



Drivers of low carbon construction
Client demands
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»» 50+ organisations signed up to Infrastructure Carbon Review

»» 30+ organisations with commitments to measure or reduce embodied carbon 
in buildings

»» 10+ Local Authorities interested

Infrastructure Carbon Review

November 2013

HM Treasury (2013) Infrastructure Carbon Review
BSI (2016) PAS 2080: Carbon Management in Infrastructure



Guidance on embodied carbon
Array of recent industry publications
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Resource Efficient Construction 

Why take action 
Embodied carbon is the emissions (CO2e) created from all the activities of 
the creation and demolition of a building. It is the total life cycle carbon 
less the operational carbon impact1. It covers the emissions that arise from 
the energy and industrial processes used in the processing, manufacture 
and transportation of the materials, products and components required to 
construct, maintain and refurbish a building.  
 
 It is becoming widely recognised that the balance between operational 

and embodied carbon emissions needs to be considered to 
understand the true carbon impact of new and refurbished buildings.  

 Embodied carbon impacts are becoming increasingly significant2, as 
operational emissions fall in response to building regulations and more 
efficient operational processes and technologies, see Figure 1.  

 Studies suggest embodied carbon in domestic buildings may be 
equivalent to 10 times annual operational energy use; and for 
complex commercial buildings, the ratio can be as high as 30:13.    

 Industry stakeholders generally agree there is a high chance that the 
measurement, management and reduction of embodied carbon in 
construction projects could soon become a mandatory 
requirement. 

 Rising energy and material costs are the third most significant 
threat to growth identified by CEOs in the engineering and construction 
sector4. 

 Buildings with low embodied carbon credentials can be more 
desirable to blue chip clients and tenants alike. 

The Business Case for Managing and Reducing Embodied Carbon in Building Projects 
Making zero carbon buildings a reality 

Managing and reducing the embodied carbon impact of a project can be achieved by building less, building clever and building efficiently. 
Effective leadership, innovation and procurement is essential to enable the management and reduction of embodied carbon.  

Figure 1: Changing significance of embodied carbon: 2010 and 20502. 

Benefits of taking action 
Reducing the embodied carbon impact of a building can realise a number 
of benefits:  
 cost savings associated with a reduction in material use, increased use 

of secondary and recycled materials, and lower wastage rates; 
 a reputation for good environmental management;  
 being ‘ahead of the curve’ with regards to future legislation; 
 being resilient to resource price rises and resource scarcity risks; and 
 being less reliant on energy-intensive manufacturing routes. 

Embodied 
carbon 

Operational 
carbon 

Embodied 
carbon 

Operational 
carbon 

Modelling by the 
Green Construction 
Board (GCB) predicts 
that in 2050 
embodied carbon will 
represent around 
32% of the built 
environment’s 
emissions versus 18% 
in 20102.   
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1 Energy Briefing Sheet: 

Embodied Energy and Carbon 
Institution of Civil Engineers 

 

 

Energy Briefing Sheet:  
Embodied Energy and Carbon 

ICE’s Energy Expert Panel has published a series of status reports concerned with 
various forms of energy such as wind, hydro, nuclear and energy from waste.  
Designed to be both informative and contemporary, the reports are updated regularly 
to provide accurate information to a varied audience. The present report focuses on 
embodied energy and carbon in construction. 

Definition  

The dictionary of energy defines embodied energy as “the sum of the energy requirements 
associated, directly or indirectly, with the delivery of a good or service” (Cleveland & Morris, 
2009).  In practice however there are different ways of defining embodied energy depending 
on the chosen boundaries of the study.  The three most common options are: cradle-to-gate, 
cradle-to-site, and cradle-to-grave (Densley, Tingley & Davinson, 2011).  The two following 
definitions illustrate this more clearly: 

Cradle-to-Site 
A cradle-to-site study favours defining the embodied energy of individual building 
components as the energy required to extract the raw materials, process them, assemble 
them into usable products and transport them to site.  This definition is useful when looking 
at the comparative scale of building components and relates more to the “good” in Cleveland 
& Morris’s definition as it neglects any maintenance or end of life costs.  A cradle-to-gate 
model simply describes the energy required to produce the finished product without any 
further considerations.  

Cradle-to-Grave 
A cradle-to-grave approach defines embodied energy as that “consumed” by a building 
throughout its life.  This definition is a far more useful one when looking at a building or 
project holistically, though admittedly much more complex to estimate. The energy 
consumption can be broken down further (Yohanis & Norton, 2002) into: 

Initial embodied energy is the energy required to initially produce the building.  It includes the 
energy used for the abstraction, often referred to as primary energy, the processing and the 
manufacture of the materials of the building as well as their transportation and assembly on 
site.   

Recurring embodied energy is the energy needed to refurbish and maintain the building over 
its lifetime.  

Demolition energy is the energy necessary to demolish and dispose of the building at the 
end of its life. 
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FTPractical how-to guide: 

Measuring Embodied Carbon on a Project

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. 

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

 
 
 
 
 
 
 
 
 
 

Information sheet for construction clients and designers 
 

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

What is good practice? 
 
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. 
 
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. 

 
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” 

 
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. 
 
 
 
 
 
 
 

 
Carbon saving action Range of carbon 

savings 

Using less materials  

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. lower-
weight 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 

5. 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) 

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) 
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»» Pomponi & Moncaster provide recent overview of academic literature

»» Upcoming 2017 Springer book ‘Embodied Carbon in Buildings: Measurement, 
Management, and Mitigation’ will cover state-of-the-art 

Academic research
Rapidly expanding area of study

Pomponi & Moncaster (2016) Journal of Environmental Management 181 pp 687-700  doi: 10.1016/j.jenvman.2016.08.036 Slide 20 of 30
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a b s t r a c t

Of all industrial sectors, the built environment puts the most pressure on the natural environment, and in
spite of significant efforts the International Energy Agency suggests that buildings-related emissions are
on track to double by 2050. Whilst operational energy efficiency continues to receive significant atten-
tion by researchers, a less well-researched area is the assessment of embodied carbon in the built
environment in order to understand where the greatest opportunities for its mitigation and reduction lie.
This article approaches the body of academic knowledge on strategies to tackle embodied carbon (EC)
and uses a systematic review of the available evidence to answer the following research question: how
should we mitigate and reduce EC in the built environment? 102 journal articles have been reviewed
systematically in the fields of embodied carbon mitigation and reduction, and life cycle assessment. In
total, 17 mitigation strategies have been identified from within the existing literature which have been
discussed through a meta-analysis on available data. Results reveal that no single mitigation strategy
alone seems able to tackle the problem; rather, a pluralistic approach is necessary. The use of materials
with lower EC, better design, an increased reuse of EC-intensive materials, and stronger policy drivers all
emerged as key elements for a quicker transition to a low carbon built environment. The meta-analysis
on 77 LCAs also shows an extremely incomplete and short-sighted approach to life cycle studies. Most
studies only assess the manufacturing stages, often completely overlooking impacts occurring during the
occupancy stage and at the end of life of the building. The LCA research community have the re-
sponsibility to address such shortcomings and work towards more complete and meaningful
assessments.

Crown Copyright © 2016 Published by Elsevier Ltd. All rights reserved.
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3.3. MS3: reduction, re-use and recovery of EE/EC intensive
construction materials

Basbagill and colleagues (Basbagill et al., 2013) investigated in
detail the application of LCA to help designers understand and
reduce the environmental impacts of building materials and com-
ponents. They found that by optimising key parameters (e.g.
thickness of piles and footings, and of external and internal walls)
“anywhere from 63% to 75% reduction in the building's maximum
total embodied impact is possible” (Basbagill et al., 2013). Garcia-
Segura and colleagues (Garcia-Segura et al., 2014) assessed the
reduction of GHG emissions due to a reduced use of Portland
cement and its substitution with blended cement, which has a
higher content of fly ash (FA) and blast furnace slag (BFS). Such an
approach promises to lead to 7%e20% fewer emissions (Garcia-
Segura et al., 2014). Similar environmental benefits following a
reduction in use of cement are echoed by Atmaca and Atmaca
(Atmaca and Atmaca, 2015) and Miller and Doh (Miller and Doh,

2015). Moynihan and Allwood (Moynihan and Allwood, 2014)
investigated the utilisation of structural steel in buildings and
concluded that by designing to minimise the material used rather
than the cost, the use of steel in building and the associated
embodied impacts could be dramatically reduced.

3.4. MS4: tools, methods, and methodologies

Despite the populated panorama of existing tools, assessment
methods andmethodology, it still seems this is seen as a key area to
bring about embodied carbon reduction with the parallel aim of
building a better and stronger EC culture amongst the built envi-
ronment stakeholders. This may take the form of coupling EC
assessment with building information modelling (BIM) (Ariyaratne
and Moncaster, 2014), as a form on information hub, or combining
BIM with dynamic energy simulation tools (Peng, 2016), to achieve
an overall balance between operational and embodied figures. In
some other cases, new methodologies aim at refining existing ones
by, for example, coupling a life cycle carbon assessment with an
analysis of the value created by the specific activity/product under
investigation (Li et al., 2013).

3.5. MS5: policy and regulations (Governments)

Perhaps unsurprisingly, the implementation and/or revision of
policy and regulations by Governments also emerged as a
commonly cited strategy for EC reduction (e.g. Blengini and Di
Carlo, 2010; Dakwale et., 2011; Foraboschi et., 2014). In some
studies (Giesekam et al., 2014) this strategy is mainly intended as a
means to support other mitigation strategies, like a wider use of
low EE/EC materials, whereas in others policy has a broader reach.
For instance, Dhakal (Dhakal, 2010) reports on Chinese and Japa-
nese contexts where a 50% CO2 reduction could be achieved
through the impact of policies on design and construction practices.

3.6. MS6: refurbishment of existing buildings

A few scholars believe the greatest opportunity for EC

Fig. 1. Life cycle stages of a building (BS EN 15978:2011).

Table 1
Details of the mitigation strategies (MSs) identified in the literature.

MS Description

1 Practical guidelines for a wider use of low-EC materials
2 Better design
3 Reduction, re-use and recovery of EE/EC intensive construction materials
4 Tools, methods, and methodologies
5 Policy and regulations (Governments)
6 Refurbishment of existing buildings instead of new built
7 Decarbonisation of energy supply/grid
8 Inclusion of waste, by-product, used materials into building materials
9 Increased use of local materials
10 Policy and regulations (Construction sector)
11 People-driven change (key role of all BE stakeholders)
12 More efficient construction processes/techniques
13 Carbon mitigation offsets, emissions trading, and carbon tax
14 Carbon sequestration
15 Extending the building's life
16 Increased use of prefabricated elements/off-site manufacturing
17 Demolition and rebuild

F. Pomponi, A. Moncaster / Journal of Environmental Management xxx (2016) 1e144
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Current carbon assessment practice
Numerous concerns

Recent signs of progress
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»» Assessments often retrospective and fail to inform product selection

»» Different system boundaries (cradle-to-gate, cradle-to-site, cradle-to-practical 
completion, cradle-to-cradle etc.)

»» Limited availability of product life cycle inventory data

»» Little evidence to support assumed building life times

»» Challenges capturing data on site

»» Knowledge of embodied carbon varies widely across industry

»» Some segments of industry (e.g. water & sewerage) now making routine 
detailed assessments using component level databases

»» Increase in EPD production (3000+)

»» Numerous ongoing projects to further standardise assessment practice 			 
e.g. Innovate UK  ‘Implementing Whole Life Carbon in Buildings’



Example commitments
To reduce embodied carbon in construction

Slide 22 of 30British Land (2015); Land Securities (2016); M&S (2016);  Anglian Water (2015)

»» M&S Plan A commitment

»» British Land target relative to concept design

»» Land Securities target

»» Anglian Water have already achieved substantial reductions since 2010

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

Minimum requirements for all projects over £5m (continued)
Retail Commercial Residential

Future Proofing

Materials and waste  → 100% of timber from FSC (Forest Stewardship Council) or PEFC (Programme for the Endorsement of Forest Certification) sources
 → Zero waste to landfill: divert 100% of demolition and strip-out waste from landfill and 100% of construction and fit-out waste from landfill
 → Achieve the local procurement target (see Local Economy, Employment and Training below)
 → Follow the Material Schedule 

>£50m: Achieve 15% reduction in embodied carbon in concrete, steel, rebar, aluminium and glass in construction, compared to the concept design

Water  → Improve peak stormwater run-off rate compared to the previous state of the site
 → No use of potable water for irrigation
 → Adopt rainwater harvesting unless commercially unviable

 → Use specified water fixtures (see Consistent Basics for Retail)  → Use water fixtures with the following maximum flow rates:
 → WC: dual-flush toilets with 6 litre / flush for full flush  
and 4 litre / flush for low flush

 → Taps: 7.5 litre / minute
 → Showers: 9 litre / minute
 → Urinals: 0.5 litre / flush

>£50m: Greywater recycling to meet minimum  
50% of flushing demand

Skills and Opportunity

Local economy, 
employment and training

 → Develop and operate a local procurement plan that takes into account any local authority framework
 → Develop and operate an education, employment and skills strategy which includes apprentices, local schools, learning and training. 3% of supplier tier 1 & 2 workforce to be apprentices.  
Shared apprenticeship models also to be considered

Certification  BREEAM Very Good  BREEAM Excellent

Sustainability Targets

INTRODUCTION OUR SUSTAINABILITY 
STRATEGY

OUR BRIEF 
IN ACTION

SUSTAINABILITY 
TARGETS

FULL BRIEF 
PROCESS

MATERIAL 
SCHEDULE

ENVIRONMENTAL 
MANAGEMENT SYSTEM

KEY ROLES AND 
RESPONSIBILITIES

CONTACT US
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Commitments
We have four commitments related to sustainable design. We are embedding these across the company at all levels,
ensuring they inform the decisions we make and that we are working to drive significant positive change in the places that
we develop and operate.

NEW DEVELOPMENTS EMBODIED CARBON BIODIVERSITY WELLBEING

Carry out embodied carbon analysis to inform the selection and procurement of building materials to reduce
environmental impacts and achieve at least a 15% reduction in embodied carbon

Embodied carbon is the emissions produced from the creation, operation and final demolition of a building. It includes the carbon emissions that
arise from the processing, manufacture and transportation of construction materials, but also the products and components required to maintain
and refurbish a building throughout its lifecycle.

We are working to ensure that the reduction of embodied carbon is embedded in our design development process across the company. We carry
out embodied carbon assessments to inform the selection and procurement of building materials to reduce environmental impacts, focusing on
products and materials that save costs and carbon. On projects such Westgate Oxford and our retail scheme at Selly Oak the embodied carbon
consultant is an integral member of the design team, working between architectural, structural and services disciplines to ensure all decisions take
account of carbon.

READ ABOUT OUR PERFORMANCE IN DETAIL

You are here: Home Sustainability Sustainable design Commitments

About us London Portfolio Retail Portfolio Sustainability Investors Media Careers Contact us

WebsitesDownload CentreGlossary
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MARKS AND SPENCER GROUP PLC

NUMBER OF PLAN A SHOP FIT ITEMS

AIM  To ensure all new UK and ROI shop fi t items have at least one 
Plan A quality by 2020 (including increased recycled content, end 
of life M&S re-use, recyclability and embodied impacts).

PROGRESS  This year we assessed a range of new shop-fi t items 
against our best practice criteria for: lifecycle assessment, use 
of recycled material, responsible sourcing, volatile organic 
compounds (VOCs) and end-of-life resource use.

Based on the volume of new fl oors, walls and ceiling items, directly 
procured, 76% was assessed as having at least one Plan A quality. 

For other types of shop fi ttings evaluated using the EcoSmart 
Design System, out of 191 new items assessed, 176 (or 92%) had
at least one Plan A quality.

Access to this data will allow us to better understand the impacts 
of our shop fi t choices and can help us to improve the sustainability 
of new shop fi t items up to 2020.

OFF-SITE CONSTRUCTION

AIM  By 2016, we will trial off -site construction methodologies for 
stores and shop-fi t and make recommendations about its future 
use within M&S.

PROGRESS  Off -site construction involves the use of pre-
manufactured building parts, which are installed onsite. This year, 
off -site construction techniques were used for the internal walls 
and electrical and engineering services at our new M&S Foodhall 
at Meole Brace in Shrewsbury. As a result, the time spent on-site 
decreased from seven to fi ve weeks, with less waste produced and 
improved on-site working conditions.

We’ve included requests for off -site construction options in 
our tendering programme for future M&S Simply Food stores. 
Once we’ve received these proposals we’ll review the best way 
to proceed.

BUILDING INFORMATION MODELLING 
(BIM)

EMBODIED CARBON IN BUILDINGS

AIM  By 2016, we will evaluate the use of Building Modelling 
technology and make recommendations about how we can use
it in the future.

PROGRESS  BIM is a technology that enables us to design buildings 
in three dimensions and promotes an integrated way of working 
for the project team by providing a single source of technical 
information during construction and when the store is in use. 
During the year, we commissioned industry BIM specialist WDR & 
RT Taggart, to evaluate the benefi ts. Their report concluded that 
there are a wide range of potential benefi ts that M&S could achieve 
through its introduction.

These benefi ts are now being modelled and costed as part of a 
Simply Food store tender exercise. If favourable, this will enable 
further trials in 2016/17.

AIM  By 2020, we will reduce the embodied carbon in UK and ROI 
new store builds by addressing the carbon hotspots of walls, 
ceilings and fl oors where possible.

PROGRESS  Embodied carbon is the amount of carbon emitted 
when materials such as steel, concrete, tiles and plaster board are 
manufactured. Through our previous work we’ve concluded that 
the main embodied carbon hotspots we can infl uence are ceilings, 
walls and fl oors. 

We’ve appointed Sturgis Carbon Profi ling, a specialist consultancy, 
to identify ways in which we can measure and reduce the embodied 
carbon in our ceilings, walls and fl oors. We’re aiming for this work to 
be completed in 2016/17.

ENVIRONMENTAL
CONTINUED

PLAN A PERFORMANCE

SUSTAINABLE BUILDINGS CONTINUED

BENEFITS OF SUSTAINABLE STORES

AIM  By 2016, we will complete a study into the health, wellbeing 
and associated commercial benefi ts of sustainable retail buildings. 
We will then apply the lessons learnt to M&S existing and new 
buildings where possible.

PROGRESS  We took part in the World Green Building Council’s 
Better Places for People UK Retail Task Force, which published its 
Health and Wellbeing Productivity In Retail report in February 2016. 
The report suggests that retailers can improve the shopping 
experience for their customers and potentially increase their profi ts 
by providing greener, healthier stores. 

See betterplacesforpeople.org and worldgbc.org/activities/
better-places-people/health-wellbeing-and-productivity-retail 

We’re analysing data suggested by the Retail Metrics Framework 
across all our UK stores, to see if we can make direct connections 
between environmental and economic performance.

** Assured by DNV GL

(NEW) 

ACHIEVED/

ONGOING
(NEW) 

ACHIEVED/

ONGOING

(NEW) 

ACHIEVED/

ONGOING

ON PLAN

ON PLAN
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PERFORMANCE 
Operational scopes 
We have measured our Scope 1, Scope 2 and significant Scope 3 emissions  
for business travel and outsourced transport.

Greenhouse gas emissions data for period 1 April 2009 to 31 March 2015
Tonnes of CO2e

*Previous reported values have been re-stated in line  
with Defra guidance (June 2013)

2015 2014 Baseline

Scope 1 97,627 114,572 115,035

Scope 2 315,555 297,265 340,562

Scope 3 42,153 30,633 30,333

Total annual gross emissions 455,335 442,470 485,930

Exported renewables 8,501 3,720 623

Green tariff 0 0 0

Total annual net emissions 446,834 438,750 485,307

Kg CO2e per Ml water treated 422 391 438

Kg CO2e per Ml recycled water 694 712 779

Kg CO2e per Ml  recycled water, 
flow to full treatment

372 355 n/a

Tonnes of CO2e Specific exclusions
Scope 1

Gas/fuel oil consumption 17,844 None

Process and fugitive 
emissions

58,777 None

Owned transport 21,006 None

Total Scope 1 97,627 None

Scope 2

Purchased electricity 315,555

Total Scope 2 315,555

Significant Scope 3

Business travel 557 None

Outsourced transport 14,002 None

Purchased electricity 
(transmission and distribution)

27,594 We have not included commuting,  
capital (embodied) carbon  

and emissions from use of water  
in customers’ homes.

Total significant 
Scope 3

42,153

Our gross annual carbon 
emissions have decreased by 
30,595 t/CO2e between 2010 
and 2015. The main influencing 
factors include an 8% reduction 
in the consumption of grid 
electricity, a reduction of 83% 
in the use of natural gas and 
significant increase in renewable 
energy generation.

During 2014/15 as part of our 
carbon mitigation strategy we 
saved 10.48 GWh of electricity 
(5,633 t/CO2e) and generated  
100 GWh of renewable power 
from biogas CHP and wind.

Capital (embodied) carbon 
emissions have reduced by 54% 
against our 2010 baseline. This 

is due to the success of our 
design engineers and capital 
delivery partners in responding 
to our challenge in delivering 
more sustainable assets, 
reducing carbon, the use of 
finite raw materials and cost.

100 GWh

455,335
TONNES (of CO2e)

of renewable generation 
equating to a 361% increase 
compared to 2010.

measurement of greenhouse 
gas emissions in compliance 
with ISO 14064.

Change in emissions

5Anglian Water 
Greenhouse Gas Emissions Annual Report 2015www.anglianwater.co.uk

For more information visit

Through the period 2015–2020, we are mitigating against pressures on our 
business with potential increasing GHG emissions through serving a growing 
population and meeting tighter quality standards. By the end of this fi ve year 
period, we will have invested over £2 billion in maintaining and improving our 
infrastructure. This investment will result in a forecast 360 kt/CO2e of capital 
carbon in the materials we use to build and replace assets. These new assets 
will also add an additional 39 kt/CO2e of annual operational carbon emissions 
in 2020.

With a continued focus on energy management, innovation in design and 
optimising renewable generation assets, we have again set a challenging 
objective of mitigating against future potential increases in operational 
carbon emissions and reducing capital carbon in assets we design and build. 

Medium-term target
Reduce capital carbon emissions by 60% by 2020 from a 2010 baseline. 
Reduce gross operational carbon emissions by 7% in real terms by 2020 from 
a 2015 baseline.

Long-term target
Our long-term aspiration is to reduce our total annual GHG emissions by 50% 
from a 2010 baseline by 2035. This assumes successful implementation of the 
Government’s low carbon transition plan (2009).

Responsibility for achieving these carbon targets lies at Board level with 
Chris Newsome, Asset Management Director and Paul Gibbs, Director of 
Water Recycling Services.

Targets 

Contacts

Company information

For further information on GHG 
emissions within Anglian Water, 
please contact our carbon 
manager David Riley: 

Anglian Water Services Limited 
is a private limited company 
incorporated in England with 
company number 2366656. 

Registered address 
Lancaster House
Lancaster Way
Ermine Business Park
Huntingdon
PE29 6YJ

driley3@anglianwater.co.uk
Email us

We recognise that a signifi cant proportion of our carbon emissions (99%) is as a result of the provision of water and 
water recycling services to our customers. Only 1% of emissions are attributed to administration.

Administration 
1%

Sludge treatment 
6%

Water recycling 
47%

Operational footprint by activity

Water supply
38%

Transport
8%

Sludge treatment 
6%

AWS carbon 
footprint



Implementing EC assessment
Example checkpoints
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Embodied
Carbon
Checkpoints

 

Concept 
Design

Developed 
Design

Technical 
Design

Handover  
and Close OutConstruction In Use

Preparation  
and Brief

Strategic 
De�nition

 

2 3 4 5 6 710

  

 

 

   

Tasks

St
ag

es

Identify opportunities for 
re-use of serviceable 
elements (typically 
substructure, frame, 
façade) or on-site 
recycling of materials 
from existing 
buildings/brown field 
sites.
Assess potential to 
deliver objectives using 
temporary re-usable 
structures.
Consider potential 
emissions impact of site 
choices.

Determine project 
embodied carbon target 
(e.g. based on building 
type and GIA, client 
ambition and available 
benchmark data). 
Review building 
embodied carbon 
footprint design tools, 
methods and data 
sources and compliance 
with relevant standards.
Identify building 
embodied carbon 
footprint certification 
body and discuss 
selection of tool, method 
and initial data sources.

Allocate responsibility 
for carbon management 
within project team (e.g. 
designate roles as per 
PAS 2080).
Determine embodied 
carbon target/allocation 
% for each building 
element. 
Complete initial building 
assessment model 
using element-level 
specifications. 
Review initial concept 
design embodied carbon 
footprint against project 
target.
Identify elements with 
high impact rate and/or 
high quantity in building, 
review alternative 
solutions and revise 
design. Work iteratively; 
refer to building total 
regularly. Also consider 
impact of decisions on 
design life and 
maintenance cycles.
Revise building 
embodied carbon target 
(if necessary). 
Produce ‘Concept stage’ 
embodied carbon report.

As technical/detailed design information is 
produced, replace element-level specifications with 
product-level specifications. 
Identify ‘significant’ products/materials that are high 
impact and/or high quantity. 
For ‘significant’ products/materials investigate 
alternatives (of a different product type). 
Identify overdesign; reduce product/material 
quantities where possible. 
Identify on-site waste reduction opportunities.
Identify products with Environmental Product 
Declarations and, where better than generic 
products, consider proprietary specification. 
Work iteratively; refer to building total regularly. 
Produce ‘Design stage’ embodied carbon report 
and footprint. 
Submit ‘Design stage’ embodied carbon footprint 
for certification. 
Submit ‘Design stage’ embodied carbon footprint to 
relevant data gathering organisations.

Ensure embodied 
carbon targets, reporting 
requirements and any 
stipulations on material 
specification and 
sourcing are clearly 
included in tender.  
Contractor credentials 
should be assessed 
against these 
requirements.
Review effect of any 
product/material 
substitution requests 
from contactor. 
Work with contractor to 
further reduce 
overdesign and on-site 
waste.  

Produce ‘As constructed’ 
embodied carbon report 
and final embodied 
carbon footprint based 
on ‘actual’ quantities. 
Submit ‘As constructed’ 
embodied carbon 
footprint for certification.
Submit ‘As constructed’ 
embodied carbon 
footprint to relevant data 
gathering organisations.
Ensure lessons learned 
are documented and 
communicated.
Ensure handover 
information incudes 
embodied carbon report, 
including estimated 
service lives. 

Periodically, ask building 
owner for update on 
actual repair and 
maintenance activities 
and submit to relevant 
data gathering 
organisations.



Setting carbon intensity targets
Examples of different approaches
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»» Assess embodied carbon of concept design and then set target for embodied 
carbon at practical completion to be x% lower

»» Set a whole life carbon target of xkgCO2e/m2/year for an assumed design life 
based on comparison with benchmark data

»» Aim for an x% reduction in embodied carbon against the total for a notional 
reference building deemed to be typical of that building class

»» Assess the operational emissions at concept design stage then aim for 
equivalent reductions in embodied emissions to ‘offset’ anticipated life time 
operational emissions

»» Aim for an x% reduction in embodied carbon (in kgCO2e/m2) against a 
previous project the client has completed

»» Assess the 10 largest contributing elements to the embodied carbon total 
and then achieve an x% reduction in those elements

»» and so on...



Shortcomings of project targets
Currently include
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»» Different system boundaries preclude fair comparison between projects

»» Selection of target value often arbitrary

»» Relative comparisons with other buildings do not ensure consistency with 
sector or national carbon reduction targets

»» Little understanding of how these targets may change over time and the 
concomitant changes in materials and design

»» Targets often poorly communicated and rarely compiled

»» New paper addresses these issues, 
proposes means of linking project 
with sector targets and a new 
central information resource

BUILDING ON THE PARIS AGREEMENT: MAKING THE CASE FOR EMBODIED 
CARBON INTENSITY TARGETS IN CONSTRUCTION  

 
Jannik Giesekam1, Danielle Densley-Tingley2, and John Barrett1 

1 Sustainability Research Institute, School of Earth and Environment, University of Leeds, 
Leeds, UK. 

2 Department of Civil and Structural Engineering, University of Sheffield 
 

 
 
ABSTRACT 
Progressive clients are targeting embodied carbon 
reduction through the introduction of carbon intensity 
targets (CITs). CITs challenge design teams to deliver 
buildings with supply chain carbon emissions below a 
set level per functional unit. Despite CITs acting as 
catalysts for innovation, there are few drivers for their 
use and substantial variations in their implementation. 
There is also no means for ensuring consistency 
between project CITs and national mitigation targets, 
nor a mechanism for ratcheting up ambitions as 
anticipated by the Paris Agreement on climate change. 
This paper discusses these concerns and suggests how 
CITs could in future be determined, implemented and 
enforced. 

INTRODUCTION 
The UK’s principal construction strategy, 
Construction 2025, sets a target of halving greenhouse 
gas (GHG) emissions from the built environment over 
the coming decade (HM Government, 2013). This is 
with a view to achieving longer term reductions 
consistent with the national target of an 80% reduction 
in GHG emissions by 2050 compared with 1990 levels 
(Climate Change Act, 2008). The Green Construction 
Board’s Low Carbon Routemap for the Built 
Environment set out the steps required to achieve this 
and called for an increased focus upon embodied 
carbon mitigation (GCB, 2013). A recent update on 
Routemap progress found a widening gap to sector 
targets and restated the need to achieve reductions in 
embodied carbon in addition to operational emissions 
(Steele et al., 2015). The update recommended the 
introduction of embodied carbon intensity targets 
(CITs). CITs challenge design teams to deliver 
buildings with supply chain carbon emissions below a 
set level per functional unit and can act as a significant 
driver of innovation. However, the approach by which 
CITs should be determined, implemented and 
enforced remains unclear. This paper addresses a 
number of outstanding questions on this topic.  
The first two sections briefly outline the embodied 
GHG emissions associated with UK construction 
activity and current carbon assessment practice. The 
third section highlights a number of inconsistencies in 

the current determination of CITs. The fourth section 
proposes measures to improve the future 
determination of CITs, and the fifth section considers 
the corresponding drivers for their use. The final 
section draws together some outstanding questions 
that should be the subject of future research. 

EMBODIED CARBON IN THE UK 
CONSTRUCTION INDUSTRY 
Over recent years, embodied carbon emissions in the 
construction supply chain have typically accounted for 
a quarter of total GHG emissions from the built 
environment and are comparable in magnitude to 
annual tailpipe emissions from all cars on UK roads 
(see Figure 1). Analysis of their distribution reveals 
that the bulk of emissions are associated with material 
production and a significant proportion occur overseas 
(see Figure 2). This restricts the scope of policies 
addressed at UK and European material producers 
(such as the EU Emissions Trading Scheme) to 
achieve substantial emission reductions. With the 
Government’s central estimates suggesting that the 
UK population will increase by 14 million by 2050 
(ONS, 2011), demand for housing and infrastructure 
is expected to markedly increase. DCLG projects an 
additional 3.6 million households will require new 
homes by 2030 (DCLG, 2015); meanwhile the 
National Infrastructure Delivery Plan 2016-2021 sets 
out projected infrastructure investments of £483 
billion (IPA, 2016b). This increased construction 
output is likely to incur signficant embodied carbon 
emissions. Scenario analysis with the UK Buildings 
and Infrastructure Embodied Carbon model (UK 
BIEC),  developed at the University of Leeds, reveals 
that anticipated reductions in the carbon intensity of 
the electricity supply are unlikely to offset the impacts 
of this increased construction activity (Giesekam et al, 
In Press) (see Figure 3). Consequently, sizeable 
reductions in embodied carbon intensity will need to 
be achieved through design changes across projects of 
all types if the targets set out in the GCB Routemap 
are to be achieved whilst meeting anticipated increases 
in demand. The required reductions in carbon intensity 
will be even greater if carbon capture and storage 
technology continues to be uneconomic for material 
producers.  

Giesekam et al. (2016) Building on the Paris Agreement: making the case for embodied carbon intensity targets in construction
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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 

Within the industry

And amongst end users

»» Conducted surveys and interviews and undertaking an 
ongoing programme of stakeholder engagement

»» Current collaboration between universities of York, Sheffield 
and Leeds assessing ‘public perceptions and experiences of 
low carbon building materials’

»» Online survey currently open

»» Workshops scheduled for 2017
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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). 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%

BUILDING RESEARCH & INFORMATION 2015
http://dx.doi.org/10.1080/09613218.2016.1086872
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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.



»» Embodied/capital carbon reduction

»» Improved resource efficiency

»» Improved air quality and occupant health

»» Better resource security

»» Greater energy efficiency

»» Improved social sustainability (e.g. local employment) etc.

»» Cost savings

»» Client demands

»» Credits in environmental assessment schemes (BREEAM, LEED etc.)

»» Green reputation

»» Moral convictions

Why use low carbon materials?
Potential benefits

Drivers and incentives
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Securing additional drivers

Regulation
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»» Must address ownership of issue within industry and government

»» Needs collective action from broader range of advocates across value chain

»» Narrative development is critical

»» Further evidence gathering required 

»» Requires stronger evidence on link between cost and carbon

»» Changes in culture required to ensure implementation

»» Voluntary initiatives a good starting point

»» Leadership is required in absence of clear business case

Client led drivers



Vast international scope
GHG emissions of construction sector supply chain by country

Slide 29 of 30Based upon MRIO analysis using WIOD data for 40 countries plus ‘rest of world’
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»» Construction firms in these 14 countries alone influence 4.4 GtCO2e of 
supply chain emissions



»» The UK construction industry must address embodied carbon if sector carbon 
reduction targets are to be met

»» Sizeable mitigation potential if range of known measures are adopted

»» Still wide variations in embodied carbon assessment practices but more 
guidance and product data available

»» Introduction of embodied carbon targets is the best approach to motivate 
requisite changes in design, product selection and construction practices 

»» Project targets not yet consistent with national and sector targets

»» Many potential benefits but few strong drivers for sustainable material use

»» Industry, academia and government must work together to translate ambitious 
carbon targets into robust drivers

Summary
Embodied carbon status quo
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