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a b s t r a c t 

In the face of a changing climate, a growing number of construction firms are adopting carbon reduction 
targets on individual projects and across their portfolios. In the wake of the Paris Agreement, some firms 
are seeking a means of aligning their targets with sectoral, national and international mitigation commit- 
ments. There are numerous ways by which such an alignment can be achieved, each requiring different 
assumptions. Using data from the UK construction industry, this paper reviews current company commit- 
ments and progress in carbon mitigation; analyses the unique challenges in aligning construction targets, 
and presents a series of possible sectoral decarbonisation trajectories. The results highlight the disparity 
between current company targets and the range of possible trajectories. It is clear that a cross-industry 
dialogue is urgently required to establish an appropriate response that delivers both a widely-accepted 
target trajectory and a plan for its delivery. This paper is intended to stimulate and support this nec- 
essary debate by illustrating the impact of different methodological assumptions and highlighting the 
critical features of an appropriate response. 

© 2018 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 

1. Introduction 

The dangers posed by anthropogenic carbon emissions and 
a changing climate are well documented [1] , yet in 2016 hu- 
manity emitted a further 36 GtCO 2 from fossil fuels and indus- 
trial processes [2] . In December 2015, 195 countries adopted the 
first legally binding global climate deal seeking to hold increases 
in global average temperature to “well below 2 °C above pre- 
industrial levels” and to “pursue effort s to limit the temperature 
increase to 1.5 °C” [3] . Current ‘do nothing’ scenarios project global 
temperature increases of 3.2–5.4 °C by 2100 [1] and even fulfil- 
ment of all signatories’ Nationally Determined Contributions put 
forward as part of the Paris Agreement implies a median warm- 
ing of 2.6–3.1 °C by 2100 [4] . Limiting temperature increases to 

Abbreviations: CCC, Committee on Climate Change; CCS, Carbon Capture and 
Storage; DBEIS, Department for Business, Energy and Industrial Strategy; EPD, Envi- 
ronmental Product Declaration; GCB, Green Construction Board; GHG, Greenhouse 
Gases; GIA, Gross Internal Area or Gross Internal Floor Area; IEA 2DS, Interna- 
tional Energy Agency’s 2 °C Scenario; IEA B2DS, International Energy Agency’s Be- 
yond 2 °C Scenario; IPCC, Intergovernmental Panel on Climate Change; NET, Negative 
Emissions Technologies; RICS, Royal Institution of Chartered Surveyors; SBT, Science 
Based Target; SDA, Sectoral Decarbonization Approach; WRAP, Waste and Resources 
Action Programme. 
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below 2 °C will likely require global emissions to peak by 2020 
followed by rapid reductions [5] , necessitating a significant ratch- 
eting up of global emission abatement effort s as part of a peri- 
odic stocktake and commitment cycle. In addition to its headline 
temperature target, the Paris Agreement sets the goal of achiev- 
ing “a balance between anthropogenic emissions by sources and 
removals by sinks of greenhouse gases in the second half of this 
century”, i.e. ‘net zero’ emissions. This is in recognition of the fact 
that net carbon dioxide emissions will need to fall to zero in order 
to stabilise global temperature. It is expected that wealthier devel- 
oped countries will achieve this net zero goal at an earlier date 
in line with the principle of common but differentiated responsi- 
bilities. The immense scale of the challenge involved in delivering 
these goals is frequently understated but is clearly illustrated by 
a range of recent roadmaps and scenario analyses. For instance, 
Rockstrom et al. set out one roadmap with a 75% probability of 
limiting warming to below 2 °C, if global greenhouse gas (GHG) 
emissions were halved every decade [6] . Such a radical transfor- 
mation can only be achieved with the active participation of non- 
state actors, including corporate and privately owned companies. 
This will require companies to independently set long term reduc- 
tion targets that are aligned with global mitigation goals [7,8] . 

The construction sector is the largest global consumer of re- 
sources [9] and is a major contributor to climate change through 
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a b s t r a c t

The UK construction industry faces the daunting task of replacing and extending a significant propor-
tion of UK infrastructure, meeting a growing housing shortage and retrofitting millions of homes whilst
achieving greenhouse gas (GHG) emission reductions compatible with the UK’s legally binding target of
an 80% reduction by 2050. This paper presents a detailed time series of embodied GHG emissions from
the construction sector for 1997–2011. This data is used to demonstrate that strategies which focus solely
on improving operational performance of buildings and the production efficiencies of domestic material
producers will be insufficient to meet sector emission reduction targets. Reductions in the order of 80%
will require a substantial decline in the use of materials with carbon-intensive supply chains. A variety
of alternative materials, technologies and practices are available and the common barriers to their use
are presented based upon an extensive literature survey. Key gaps in qualitative research, data and mod-
elling approaches are also identified. Subsequent discussion highlights the lack of client and regulatory
drivers for uptake of alternatives and the ineffective allocation of responsibility for emissions reduction
within the industry. Only by addressing and overcoming all these challenges in combination can the
construction sector achieve drastic emissions reduction.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The evidence of climate change is now “unequivocal” [1] and the
anticipated increases in the frequency of extreme weather events,
threats to water and food security and the massive loss of biodiver-
sity represent a fundamental risk to the health and livelihoods of
a large portion of the global population. The extensive and grow-
ing evidence base suggests that it is “extremely likely that human
influence has been the dominant cause of the observed warming
since the mid-20th century” [2], principally through the extraction
and burning of fossil fuels alongside changes to land use. Humans
have already significantly altered three quarters of the world’s ter-
restrial habitats and continue to extract 60 billion tonnes of raw
materials each year [3,4]. The construction sector is the largest user
of these materials [4]. Buildings are the sector with the largest sin-
gle energy use worldwide and are responsible for approximately a
third of global carbon emissions [5,6].

∗ Corresponding author. Tel.: +44 0113 343 2556.
E-mail address: pmjjg@leeds.ac.uk (J. Giesekam).

In the UK, the volume of carbon dioxide emissions that the
construction sector influences is significant, accounting for an esti-
mated 47% of total UK CO2 emissions [7]. In a typical year, the UK
construction industry requires over 420 million tonnes of material
resources, energy equivalent to just under 8 million tonnes of oil,
and is responsible for over 90% of non-energy mineral extraction
[8,9]. The construction sector is also the largest generator of waste,
at over 100 million tonnes per year in 2008 [10]. Furthermore, every
year the construction industry uses 6500 ha of land and is respon-
sible for a third of all industry-related pollution incidents [11]. In
addition to direct environmental impacts from its activities, the
sector also has a critical role to play in enabling the supply of clean
energy and facilitating sustainable practices in other areas of the
economy. The impending transition to a low carbon economy rep-
resents a sizeable package of works for the construction industry.
Indeed, the influential 2010 UK Innovation and Growth Team (IGT)
report concluded that “over the next 40 years, the transition to low
carbon can almost be read as a business plan for construction” [12].

The UK is facing a sizeable housing shortfall, the imminent
replacement of the majority of its electricity generating plant, and
intends to increase public investment in many pieces of large-scale
infrastructure (such as high speed rail and highway networks) [13].

http://dx.doi.org/10.1016/j.enbuild.2014.04.035
0378-7788/© 2014 Elsevier B.V. All rights reserved.
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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
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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

1

Engineering Sustainability

Scenario analysis of embodied greenhouse
gas emissions in UK construction
Giesekam, Barrett and Taylor

ice | proceedings

Proceedings of the Institution of Civil Engineers
Engineering Sustainability
http://dx.doi.org/10.1680/jensu.16.00020
Paper 1600020
Received 11/03/2016 Accepted 13/06/2016
Keywords: buildings, structures & design/infrastructure planning/sustainability

Published with permission by the ICE under the CC-BY license.
(http://creativecommons.org/licenses/by/3.0/)

Downloaded by [] on [02/08/16]. Copyright © ICE Publishing, all rights reserved.

Giesekam et al. (2014, 2015, 2016, 2017, 2018a, 2018b); GCB (2015); Roelich & Giesekam (2018)

Briefing: Embodied carbon dioxide
assessment in buildings: guidance and gaps
Jannik Giesekam PhD
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) (Orcid:0000-0003-2915-1323)

Francesco Pomponi PhD
Vice Chancellor’s Research Fellow, Institute for Sustainable Construction,
School of Engineering and the Built Environment, Edinburgh Napier
University, Edinburgh, UK (Orcid:0000-0003-3132-2523)

The construction industry, through its activities and supply chains as well as the operation of the assets that it
creates, is a major contributor to global greenhouse gas emissions. Embodied carbon dioxide emissions associated
with the construction of new assets constitute a growing share of whole-life emissions across all project types and
make up nearly a quarter of all annual emissions from the UK built environment. Yet these embodied emissions are
still rarely assessed in practice, owing to the perceived difficulty and lack of supporting guidance for practitioners
conducting an assessment. This briefing paper retraces recent advances in the field of embodied carbon dioxide
assessment and highlights existing and forthcoming practical guidance that could support more widespread
assessment. The paper constitutes a where-to rather than a how-to, directing assessors towards appropriate
resources, of which there are many. Although the paper does highlight some remaining gaps in the field and
identifies corresponding research priorities, recent additions to the body of guidance are generally sufficient to
support more widespread assessment. Now, the industry must demonstrate its commitment to tackling climate
change by using this guidance to drive deeper carbon dioxide reduction.

1. Introduction
Limiting any increase in global average temperature to ‘well
below 2°C’, as outlined in the Paris Agreement (UNFCC, 2015),
requires that all nations rapidly reduce greenhouse gas (GHG)
emissions to achieve a balance between sources and sinks in
the second half of this century. The construction industry has
a critical role to play in climate change mitigation, being
a significant emitter of GHGs both directly through its activities
and supply chains and indirectly through operation of the assets
it creates (Giesekam et al., 2016a; Müller et al. 2013). In
addition to being one of the largest emitters, the built environment
is also one of the largest potential stores of carbon dioxide,
through sequestration within biogenic building materials
(Giesekam et al., 2014; Lawrence, 2015; Sadler and Robson,
2013). At the global scale, it has been suggested that delivering
the Paris Agreement would require all new building construction
to be carbon-negative or carbon-neutral after 2030 (Rockström
et al., 2017). This will require substantial efforts to mitigate
all GHG emissions associated with the construction of new
assets and significant growth in the use of biogenic building
materials.

In the UK, Construction 2025 sets the more modest target of
halving GHG emissions from the built environment by 2025
(HMG, 2013); meanwhile reductions of the order of 80% by 2050
are anticipated in line with the 2008 Climate Change Act (2008).
A dedicated sector route map (GCB, 2013), consistent with these
targets, was developed in 2013, but a recent update indicated that
mitigation efforts to date have been insufficient to deliver the
target trajectory (Steele et al., 2015). Insufficient progress in
delivering domestic retrofit projects, combined with a growth in
embodied emissions from increased construction of new assets,

has established a substantial gap between the targets and reality.
This gap will widen if construction activity continues to increase,
carbon capture and storage technology remains financially
unviable for material producers or the rate of electrical grid
decarbonisation does not significantly accelerate (Giesekam et al.,
2016b). Embodied greenhouse gas emissions (‘embodied carbon’)
emissions already make up as much as 90% of whole-life GHG
emissions on some projects (Sturgis and Roberts, 2010), constitute
a growing share across all project types (Ibn-Mohammed et al.,
2013) and are responsible for almost a quarter of annual built
environment emissions (see Figure 1). These embodied carbon
emissions can be addressed through a wide range of mitigation
strategies (Lupíšek et al. 2016; Pomponi and Moncaster, 2016),
such as improvement in the efficiency of structural designs (Cullen
et al., 2011; Moynihan and Allwood, 2014), the use of alternative
building materials (Cabeza et al., 2013; Giesekam et al., 2014;
Giesekam et al., 2016c) or the adoption of circular economy
approaches that encourage increased reuse and recycling of
materials, components and structures (Densley Tingley and
Davison, 2011; Pomponi and Moncaster, 2017).

In recognition of this challenge, a growing number of firms are
implementing ambitious organisational carbon dioxide reduction
targets, through schemes such as the Science Based Targets
initiative (Science Based Targets, 2017). Many of these firms are
assessing and reporting scope 3 emissions associated with the
development of new built assets, and an increasing number are
also targeting reductions through the use of embodied carbon or
whole-life carbon intensity targets. De Wolf et al. (2017) provided
an overview of current carbon dioxide assessment (‘carbon
assessment’) practices, and Giesekam et al. (2016a) summarised
the various approaches to target setting. This increased interest in
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Reducing carbon in construction: a whole life approach
The UK construction sector is failing to meet its carbon reduction targets and needs to explore additional mitigation options. 
The carbon emissions from heating and lighting our buildings (operational emissions) have been falling but these are not 
the only emissions arising from the built environment. Sizeable carbon emissions are incurred in constructing, maintaining 
and demolishing an asset and producing the materials and components used throughout its life cycle (embodied emissions). 
Considering both the anticipated operational and embodied emissions of a built asset is considered a whole life approach. 
To date the construction industry has mainly focussed on reducing operational emissions, driven by changes in the building 
regulations and planning requirements. Extending the focus of project carbon assessments and targets from operational 
to whole life emissions presents designers, clients and contractors with a broader range of mitigation options. The faster 
proliferation of a whole life approach should be supported by national and local policies for which there are a number of 
international precedents. Targeted intervention from national and local government could drive innovation in design teams 
and supply chains, improve sector productivity, reduce the costs of UK buildings and infrastructure, create employment 
opportunities, boost export markets and deliver immediate reductions in carbon emissions.

Recommendations
1. The Government should establish a well resourced independent body to develop and accelerate the construction 

sector’s decarbonisation agenda.

2. Local authorities should require assessment of whole life carbon emissions on signifi cant schemes as part of the 
planning process. 

3. All publicly funded building projects should include a whole life carbon assessment and whole life carbon targets 
where project benchmarks can be established.

4. The greenhouse gas emission reporting requirements for quoted companies should be extended to include scope 3 
emissions associated with developing new facilities.

5. Product manufacturers should require Environmental Product Declarations to support environmental claims.

Challenges facing UK construction
The National Infrastructure Commission has highlighted three 
key challenges facing the construction sector: congestion, 
capacity and carbon1. By 2050 there are expected to be an 
extra 14 million people living in the UK and the construction 
sector must deliver the housing and infrastructure that will 
underpin their future prosperity. That requires dramatically 
increasing housebuilding, retrofi tting one existing home 
every minute, and delivering an infrastructure pipeline worth 
in excess of £600bn. UK fi rms are also expected to capture 
an increasing share of the global market for sustainable 
construction and be at the forefront of delivering the 
Government's Clean Growth ambitions2. Meanwhile by 2025 
the industry is expected to halve delivery time, cut costs by 
a third, halve the trade gap between exports and imports of 
construction products, and halve carbon emissions from the 

built environment3. All of this must be achieved by a highly 
fragmented sector with low fi nancial margins and declining 
labour availability4. None of these targets will be met under 
business as usual conditions4,8. Therefore the construction 
sector must undergo a radical transformation over the next 
decade. 
The Government has already set out some measures to 
transform infrastructure performance5, and modernise the 
industry through the Construction Sector Deal as part of 
the Industrial Strategy6. This transformation must focus 
on reducing carbon whilst improving sector productivity 
through the adoption of more resource effi  cient designs, 
novel materials and delivery models. The successful 
transformation of this industry will be critical to achieving 
the Government's target of doubling resource productivity 
over the next 25 years7 and meeting carbon targets.

All available at ciemap.ac.uk

Green Construction Board Low Carbon 
Routemap for the Built Environment 
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Decision making under uncertainty in climate change mitigation:
introducing multiple actor motivations, agency and influence
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ABSTRACT
Climate change mitigation has two main characteristics that interact to make it an
extremely demanding challenge of governance: the complexity of the socio-technical
systems that must be transformed to avoid climate change and the presence of
profound uncertainties. A number of tools and approaches exist, which aim to help
manage these challenges and support long-term decision making. However, most
tools and approaches assume that there is one decision maker with clearly defined
objectives. The interaction between decision makers with differing perspectives and
agency is an additional uncertainty that is rarely addressed, despite the wide
recognition that action is required at multiple scales and by multiple actors. This
article draws inspiration from dynamic adaptive policy pathways to build on current
decision support methods, extending analysis to include the perspectives and agency
of multiple actors through a case study of the UK construction sector. The findings
demonstrate the importance of considering alignment between perspectives, agency
and potential actions when developing plans; the need for mobilizing and advocacy
actions to build momentum for radical change; and the crucial influence of
interaction between actors. The decision support approach presented could improve
decision making by reflecting the diversity and interaction of actors; identifying
short-term actions that connect to long-term goals and keeping future options open.

Key policy insights
. Multiple actors, with differing motivations, agency and influence, must engage with

climate change mitigation, but may not do so, if proposed actions do not align with
their motivations or if they do not have agency to undertake specific actions.

. Current roadmaps, which assume there is one decision maker with control over a
whole system, might overstate how effective proposed actions could be.

. Decision making under deep uncertainty needs to account for the motivations and
agency of diverse decision makers and the interaction between these decision
makers.

. This could increase the implementation and effectiveness of mitigation activities.

ARTICLE HISTORY
Received 24 November 2017
Accepted 16 May 2018

KEYWORDS
Actors; adaptive policies;
climate change mitigation;
decision making; policy
making; uncertainty

Introduction

It is widely accepted that avoiding the worst effects of climate change requires radical reductions in GHG emis-
sions (IPCC, 2014). This scientific consensus is increasingly being translated into political aspirations, but deliver-
ing on these aspirations presents three main challenges.

Firstly, GHG emissions arise from a complex, interconnected system of technology embedded in society and
the environment, interacting with public and private institutions (Foxon, 2011). Interactions within this complex1

© 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Agenda
General answers to 5 simple questions

 » How much carbon do we currently emit?

 » How much do we need to reduce our emissions by?

 » How does using timber reduce carbon?

 » How much carbon reduction can be achieved?

 » What guidance and policies could support this?
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Emissions scenarios to 2100
Current commitments likely to yield around 3°C increase

Global Carbon Project (2017) Carbon budget and trends 2017 - www.globalcarbonproject.org/carbonbudget
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Global impacts of climate change
Will be “severe, pervasive and irreversible” 

Image from Tuvalu courtesy of Climate Visuals. Quote from IPCC 2014 Synthesis Report.
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Paris Agreement on climate change
Global agreement made in December 2015

 » Came into force on 4th November 2016

 » 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”

 » Goal of achieving “a balance between anthropogenic 
emissions by sources and removals by sinks of 
greenhouse gases in the second half of this century”  
i.e. net zero emissions

 » Recognises “common but differentiated responsibilities” 
i.e. developed countries, such as EU28, should lead on 
carbon reduction and adopt more ambitious targets

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

 

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
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Current UK targets
Series of legally binding 5 year carbon budgets + 2050 target
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UK carbon targets will be reviewed
In late 2018 (after October IPCC SR1.5 release)

Claire Perry announcement on 16/04/18 at CHoG meeting
2016 quote from Andrea Leadsom, Minister of State for Energy - Hansard HC Deb vol 607 col 725 (14 March 2016)

 » Minister of State for Energy and Clean Growth 
this April: “I am pleased to announce that after 
the IPCC report later this year, we will be seeking 
advice from the UK’s independent advisers, 
the Committee on Climate Change, on the 
implications of the Paris Agreement for the UK’s 
long-term emissions reduction targets.”

 » In 2016 the UK Government already 
intimated that the net zero goal must enter UK law:   
“The question is not whether but how we do it”
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Long term goal is net zero emissions
Near the middle of this century

 » In 2016 CCC acknowledged that UK targets will 
need to be revised in future and that “the UK’s 
current emissions targets are not aimed at limiting 
global temperature to as low a level as in the 
Agreement”.

 » CCC advised that the UK must be net zero CO2 by 
2055-2075 for >66% chance of achieving 2°C or 
before 2050 for 1.5°C

CCC (2016) UK climate action following the Paris Agreement
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UK 80% reduction from 1990 
2008 Climate Change Act

UK 57% reduction from 1990 
5th Carbon Budget

50% reduction in built environment emissions
Construction 2025 & Construction Sector Deal

Net zero emissions
Based on CCC ‘UK climate action 
following the Paris Agreement’

60yr

40yr

20yr

HS2

Crossrail 2

Asset design life

2020 2030 2040 2050 2060 2070 2080 2090 2100

Hinkley
Point C

Source: Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate change mitigation commitments. Energy & Buildings. 

Implications for the built environment
Most assets under design now must operate in a net zero nation

See Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate change mitigation commitments 
doi:10.1016/j.enbuild.2018.01.023 for detailed discussion



GCB Low Carbon Routemap progress
Progress towards Construction 2025 and 2050 targets
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 » The UK built environment is behind the target trajectory partly because of a 
failure to address embodied carbon emissions

Total built environment emissions

Green Construction Board Routemap 
80% reduction scenario

Embodied carbon emissions
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2005 2010 2015 2020 2025

Domestic

Non-domestic

Infrastructure

Domestic

Non-domestic

Infrastructure

Operational carbon 
from existing assets 
136 MtCO2e  (74%) 

Embodied carbon 
in new assets 
48 MtCO2e  (26%) 

Construction 2025 
& Sector Deal 

2025 target
113 MtCO2e

Climate Change Act
2050 target

45 MtCO2e

Total built environment emissions in 2014
184 MtCO2e

Figures from Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate change mitigation 
commitments doi:10.1016/j.enbuild.2018.01.023
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The contribution from forests
Currently a net source of carbon but should be a sink

* In above and below ground biomass (total would change by up to a third if you count dead wood, litter, soil etc.)
Figures from Global Carbon Project (2017); UN FAO (2015) & Federici et al. (2015). Image courtesy of John Westrock Flickr.

 » The 4 billion ha of global forests lock up ~300 GtC *; equivalent to the carbon 
emitted from all fossil fuels and industry since 1973

 » Deforestation causes ~4 GtCO2/yr; degradation a further 0.8 GtCO2/yr

 » Our remaining forests remove ~3.3 GtCO2/yr
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Planting trees is the best option
For delivering net zero emissions

See Minx et al. (2018) in Environmental Research Letters for a 3-part review of all available negative emissions options

 » Globally afforestation & reforestation 
could contribute 0.5-3.6 GtCO2/yr at 
$5-50/tCO2 this century

 » This is cheaper and provides greater 
co-benefits than all the other 
‘negative emissions technologies’ 
that could deliver net zero emissions

 » The more we plant the less we 
will depend upon these other 
technologies to deliver our targets

Environ. Res. Lett. 13 (2018) 063001 J C Minx et al
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Figure 6. Synthesis of NETs costs, potentials and key side-effects. Central panel gives an expert judgment for 2050 potentials and
costs. All ranges result from assessments of these individual technologies and are not additive as technologies compete for limited
geological storage, land and biomass feedstocks. The full ranges found in the literature are shown in table 3 and discussed in Part 2
of this review in depth (Fuss et al 2018). As annual deployments of soil carbon sequestration and afforestation cannot be sustained as
long as other technologies (due to rapid sink saturation) we represent these technologies as dashed boxes in the central figure with
an asterix∗ . Side panels A−G show expected future trends in costs and potentials after 2050 as judged by the author team based on
the respective assessment of the individual technologies (Fuss et al 2018). Key side effects are indicated by icons underneath. Note
that risks of negative side effects are often contingent on implementation, e.g. large-scale afforestation with mono-cultures versus
agroforestry projects, or biochar from dedicated crops versus residues. A more comprehensive list is side effects provided in table 3.
A comprehensive discussion of costs, potentials and side-effects can be found in Fuss et al (2018). An assessment of the literature on
innovation and upscaling is provided in Nemet et al (2018).

Synthesis—what we know about negative
emissions

This section integrates and condenses the findings from
all three parts of this review to summarize the current

status of knowledge on negative emissions. In par-
ticular, table 3 brings together some crucial insights.
This section stays at a high level to focus on what we
consider to be the key points, while more details includ-
ing a wealth of additional references can be found

12
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hydrogen, however process and CCS emissions will be harder to decarbonise. Structural 
shifts such as demand for industrial products moving to less carbon-intensive products and 
increased reuse of products and materials may further reduce emissions in this sector. 

In total we envisage a minimum of about 120 MtCO2e/yr emissions across the economy (of 
which 65 Mt/yr is CO2) coming from aviation, agriculture and industry as well smaller 
contributions from CCS, surface transport, shipping and waste. Breakthrough innovations or 
changes in demand could drive emissions down further in the hard-to-reduce sectors. But 
successful new technologies typically take 30-40 years to develop from invention to mass 
deployment,20 suggesting that even if there are breakthroughs in coming years there will still be 
a significant level of emissions in 2050 and probably for some time beyond. 

Figure 3.1. Residual UK greenhouse gas  emissions in 2050 under Max deployment across all sectors 

Source: CCC calculations. 

20 UKERC (2015) A review of the evidence on the time taken for new technologies to reach widespread commercialisation. 
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41 UK  climate action following the Paris Agreement   |   Committee on Climate Change 

What does a net zero UK look like?
The Committee on Climate Change have some scenarios

CCC (2016) UK climate action following the Paris Agreement

 » CCC scenarios assume up to 67MtCO2/yr of removals from afforestation (16), 
wood in construction (4) and BECCS (47)

 » This requires planting 30,000 ha/yr in the UK
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Scope for afforestation
Plenty of potential

Forestry Commission (2017) Forestry facts & figures

 » Woodland cover in the UK is currently 
~13% of total land area

 » Compared with an EU average of 38%

A summary of statistics about 
woodland and forestry in the UK

Forestry Facts 
& Figures 2017

Woodland area

New planting & restocking

Wood production

Imports & exports

Employment

International forestry

forestry.gov.uk/statistics

Import and export volumes

Year

Imports Exports

Sawn-
wood

Other 
wood

Wood-
based 
panels

Pulp & 
paper

Wood 
(sawn 

& other)

Wood-
based 
panels

Pulp & 
paper

(000 m3) (000 t) (000 m3) (000 t)

2012 5 179 3 166 2 650 7 812 1 999 597 5 585

2013 5 488 6 347 2 964 7 213 1 591 432 5 390

2014 6 425 8 393 3 260 7 319 1 403 404 5 467

2015 6 323 11 107 3 215 7 560 1 335 286 5 712

2016 6 646 11 245 3 410 7 227 1 079 315 5 700

Import and export values (£ million)

Year

Imports Exports

Sawn-
wood

Other 
wood

Wood-
based 
panels

Pulp & 
paper

Wood 
(sawn 

& other)

Wood-
based 
panels

Pulp & 
paper

2012 1 084 261 791 4 266 89 130 1 589

2013 1 180 499 882 4 165 89 109 1 519

2014 1 420 627 936 4 196 84 107 1 480

2015 1 311 868 957 4 375 80 75 1 441

2016 1 412 1 002 1 010 4 054 81 91 1 307

Softwood deliveries (thousands of green tonnes)
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2012 6 073 461 1 269 338 1 000 154 535 9 831

2013 6 407 465 1 263 332 1 250 191 640 10 547

2014 6 725 465 1 283 317 1 500 176 437 10 903

2015 6 166 435 1 334 288 1 600 164 276 10 263

2016 6 511 423 1 248 278 1 550 178 231 10 419

Hardwood deliveries (thousands of green tonnes)

Ye
ar

Sa
w

m
ill

s

Pu
lp

m
ill

s

W
o

o
d

b
as

ed
p

an
el

s

W
o

o
d

fu
el

O
th

er

To
ta

l

2012 75 0 2 400 57 534

2013 74 0 0 400 58 532

2014 77 0 0 400 60 537

2015 73 0 0 400 91 564

2016 75 0 0 400 122 597

Area of certified woodland 2017 (thousands of hectares)

FC/NRW/FS Private  
sector

Total woodland 
area certified

England 214 122 337

Wales 117 28 145

Scotland 470 371 841

Northern Ireland 62 3 65

UK 863 525 1 388

New planting (thousands of hectares)

Year England Wales Scotland N Ireland UK

(to
31/3)   Total

2013 0.0 2.6 0.1 0.8 1.7 5.3 0.0 0.2 1.9 8.9 10.8

2014 0.0 3.3 0.1 0.8 2.0 6.3 0.0 0.3 2.2 10.7 12.9

2015 0.1 2.3 0.0 0.1 2.5 5.1 0.0 0.2 2.6 7.7 10.3

2016 0.0 0.8 0.0 0.1 1.9 2.7 0.0 0.1 1.9 3.7 5.6

2017 0.1 1.0 0.2 0.2 3.2 1.5 0.1 0.2 3.5 3.0 6.5

Restocking (thousands of hectares)

Year England Wales Scotland N Ireland UK

(to
31/3)   Total

2013 2.2 1.8 1.4 0.6 5.1 0.9 1.1 0.1 9.7 3.4 13.1

2014 2.6 1.9 1.4 0.8 6.5 1.4 1.0 0.1 11.6 4.2 15.8

2015 2.0 4.4 1.3 0.6 6.6 1.9 0.9 0.1 10.8 7.0 17.8

2016 2.2 1.1 1.2 0.6 6.0 1.8 0.7 0.1 10.1 3.6 13.7

2017 2.0 1.0 1.1 0.5 9.1 2.0 1.1 0.2 13.4 3.7 17.1

Area of woodland 2017 (thousands of hectares)

Total woodland

FC/NRW/FS

England 151 63 214

Wales 98 19 117

Scotland 429 40 470

Northern Ireland 56 7 62

UK 733 130 863

Private sector

England 189 903 1 092

Wales 53 137 190

Scotland 632 338 970

Northern Ireland 11 39 50

UK 885 1 418 2 303

All woodland

England 340 967 1 306

Wales 151 156 307

Scotland 1 061 378 1 440

Northern Ireland 66 46 112

UK 1 618 1 547 3 166

Areas as of 31 March, 2017.

All certified woodland in 2017 is under the Forest Stewardship Council (FSC) scheme. Some 
woodland is also certified under the Programme for the Endorsement of Forest Certification 
(PEFC) Scheme.

Figures are based on processing industries’ purchases of softwood grown in the UK and 
estimates for woodfuel. Woodfuel reported here is derived from stemwood and includes 
estimated roundwood use for biomass energy. Other includes shavings and poles.

Wood production (thousands of green tonnes)

Year

Softwood Hardwood

FC/NRW 
/FS

Private 
sector Total FC/NRW 

/FS
Private 
sector Total

2012 4 836 5 282 10 118 55 479 534

2013 5 084 5 881 10 965 78 454 532

2014 4 900 6 628 11 528 71 466 537

2015 4 691 5 968 10 659 73 490 564

2016 5 011 5 716 10 727 68 529 597

Production of wood products

Year
Sawnwood Woodbased 

panels
Paper & 

paperboard

(000 m3) (000 m3) (000 tonnes)

2012 3 409 3 003 4 480

2013 3 581 3 032 4 561

2014 3 764 3 068 4 397

2015 3 494 3 080 3 970

2016 3 671 3 033 3 675

Total production from UK mills, including products using imported material. Excludes other 
wood products (e.g. fuelwood and round fencing), roundwood and intermediate products 
(e.g. sawmill products, pulp and recovered paper).

‘Other wood’ includes roundwood, wood charcoal, chips, particles, residues and wood 
pellets. ‘Pulp & paper’ includes paperboard and recovered waste paper.

© CROWN COPYRIGHT ISBN: 978-0-85538-964-2

Country Forest area
(million ha)

Total land
area

(million ha)

Forest as  
% of land area

Europe

United Kingdom 3 24 13

Finland 22 30 73

France 17 55 31

Germany 11 35 33

Italy 9 29 32

Spain 18 50 37

Sweden 28 41 68

Other EU 52 159 32

Total EU-28 161 424 38

Russian Federation 815 1,638 50

Total Europe 1 015 2 214 46

Africa 624 2,987 21

Asia 593 3,118 19

North & Central 
America 751 2,134 35

Oceania 174 850 20

South America 842 1,747 48

World 3 999 13 049 31

Annual changes in forest area: international comparisons

Region
1990–2000 2000–2010 2010–2015

(000 ha) (%) (000 ha) (%) (000 ha) (%)

UK 18 0.6 11 0.3 17 0.5

EU-28 681 0.5 450 0.3 369 0.2

Total Europe 803 0.1 1 127 0.1 382 0.0

Africa -3 537 -0.5 -3 209 -0.5 -2 836 -0.4

Asia -221 0.0 2 349 0.4 791 0.1

North & Central 
America -394 -0.1 172 0.0 75 0.0

Oceania 82 0.0 -564 -0.3 304 0.2

South America -4,000 -0.4 -3 868 -0.4 -2 024 -0.2

World -7 267 -0.2 -3 993 -0.1 -3 308 -0.1

Source: FAO Global Forest Resources Assessment 2015. Cyprus is included in EU-28 total but 
is part of FAO’s Asia region. These figures are outside the scope of National Statistics.

Source: FAO Global Forest Resources Assessment 2015. Cyprus is included in EU-28 total but 
is part of FAO’s Asia region. These figures are outside the scope of National Statistics.

Gross value added in forestry and primary wood processing (£ million)

Year Forestry Saw-
milling Panels Pulp & 

paper Total

2011 416 435 197 888 1 936

2012 307 586 226 776 1 895

2013 504 518 267 578 1 867

2014 540 356 436 596 1 928

2015 626 429 323 738 2 116

Employment in forestry and primary wood processing (thousands)

Year Forestry Saw-
milling Panels Pulp & 

paper Total

2011 14 8 4 13 39

2012 15 8 5 13 41

2013 14 8 5 13 40

2014 16 9 5 13 43

2015 17 8 5 13 43

Excludes secondary wood processing and other wood-using industries. Source: Annual 
Business Survey (Office for National Statistics). 

Excludes secondary wood processing and other wood-using industries. Source: Annual 
Business Survey (Office for National Statistics).

Source: FAO. Cyprus is included in EU-28 total but is part of FAO’s Asia region. These 
figures are outside the scope of National Statistics.

Wood products: international comparisons 2015

Region

Sawnwood 
(million m3)

Woodbased 
panels 

(million m3)

Paper & 
paperboard 

(million tonnes)
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UK 3 10 3 6 4 9

EU-28 105 89 61 59 92 81

Total Europe 151 107 82 76 104 92

Africa 10 19 3 5 4 8

Asia 126 171 246 240 191 196

North & Central 
America 127 119 48 56 89 86

Oceania 9 8 4 4 4 4

South America 31 25 18 14 16 17

World 454 449 401 395 407 403

Wood removals: international comparisons 2015 

Region
Industrial 

roundwood 
(million m3)

Woodfuel 
(million m3)

Total 
roundwood 
(million m3)

UK 9 2 11

EU-28 350 99 450

Total Europe 578 148 726

Africa 72 666 738

Asia 400 729 1 129

North & Central 
America 516 136 652

Oceania 63 11 74

South America 215 178 393

World 1 845 1 866 3 711

Source: FAO. Cyprus is included in EU-28 total but is part of FAO’s Asia region. These figures 
are outside the scope of National Statistics.

Largest net importers and exporters of forest products 2015

Softwood deliveries

Woodland bird populations (index: year 2000=100)

YearAll woodland
species

Woodland
generalists

Woodland
specialists

2011102.998.8102.9

2012104.3102.3103.3

201390.589.988.5

2014100.7103.697.3

2015101.4105.797.3

Visiting woodland (per cent of population)

YearAged 
16–34

Aged 
35–54

Aged 55 
and overTotal

200978846977

201165746367

201362756066

201554625356

201760685561

 Source: UK Public Opinion of Forestry surveys These figures are not National Statistics.  
Per cent of population aged 16 and over visiting woodland in last few years.

 Source: UK Public Opinion of Forestry surveys 2013 to 2017. Average visit frequencies from 
last 3 surveys. 

Source: British Trust for Ornithology (BTO), Department for Environment, Food and Rural 
Affairs (DEFRA), Joint Nature Conservation Committee (JNCC), Royal Society for the Protection 
of Birds (RSPB). Based on data in Wild Bird Populations in the UK statistical release (Defra, 
revised June 2017).

Frequency of visitors to woodland in summer and winter

Forestry Facts & Figures is an annual summary of Forestry Statistics 
compiled by the Forestry Commission. The full 2017 publication, 
including full details of the sources used and downloadable spreadsheets 
of data, can be found online at: www.forestry.gov.uk/statistics

The UK Statistics Authority has designated these statistics as National 
Statistics, in accordance with the Statistics and Registration Act 2007 and 
signifying compliance with the Code of Practice for Official Statistics. For 
more information visit: www.statistics.gov.uk

This booklet includes data provided by Natural Resources Wales  
(www.naturalresourceswales.gov.uk) and by the Northern Ireland Forest 
Service (www.daera-ni.gov.uk/topics/forestry)

Notes on Forestry Facts & Figures:

�•��FC/NRW/FS�=�Forestry�Commission/Natural�Resources�Wales/ 
Forest Service. Private sector = all other woodland, including some 
other publicly-owned woodland.  

 = Conifers  = Broadleaves

•��Figures�in�the�tables�are�individually�rounded,�so�the�constituent�items�
may not sum to the total given.

•��One�green�tonne�is�equivalent�to�approximately�0.98�m
3
 underbark 

softwood or 0.88 m
3
 underbark hardwood, and to approximately 1.22 m

3
 

overbark standing softwood or 1.11 m
3
 overbark standing hardwood.

Statistician: Sheila Ward. Enquiries relating to this publication should be 
addressed to: statistics@forestry.gsi.gov.uk

The Forestry Commission will consider all requests to make the content 
of publications available in alternative formats. Please send any such 
requests to the Diversity Team at diversity@forestry.gsi.gov.uk or call 
0300 067 5046.
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Forest cover: international comparisons 2015
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How does timber use reduce carbon?
3 main ways

 » Growth - Trees absorb carbon during growth

 » Sequestration - Timber products with long lives sequester carbon

 » Substitution - Timber can replace the use of more carbon-intensive materials
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Example of effective substitution
UEA Enterprise Centre

 » Embodied carbon of 193 kgCO2/m2 
compared with 845kgCO2/m2 for a 
benchmark building

UEA Enterprise Centre by Architype
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Decisions should be informed by LCA
Results for timber will depend upon factors such as:

 » The climate metric for impact assessment

 » The time period for the assessment

 » The assumptions about reforestation/other land use after harvesting 

 » The uses of residues (e.g. for fuel)

 » The end of life scenarios (landfill v recycling v energy recovery)

 » Etc...

For discussion and advice see Hill & Zimmer (2018); De Rosa et al. (2018) & Moncaster et al. (2018)

Remember
 » The lowest carbon solution will always be particular to the project and the 
products under consideration

 » The aim should be routinely assessing whole life carbon emissions across our 
projects to a common methodology using the best available data
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Tackling embodied/whole life carbon
Array of recent guidance documents
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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

a guide to understanding  
the embodied impacts  
of construction products

 
 
 
 
 
 
 
 
 
 

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) 

 

 

 

 

 

 

 

 

 

Construction Scope 3 (Embodied) 

Greenhouse Gas Accounting 
 and Reporting Guidance 

 

March 2013 
  

Developing a Client Brief
Embodied Carbon:

March 2017

WORK SPONSORED BY:

© Derwent London | Brunel Building

rics.org/guidance

RICS professional statement

RICS professional standards and guidance, UK

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

Embodied and  
whole life carbon 
assessment  
for architects

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



Current company carbon targets
Many up for renewal in next 18 months
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INFRASTRUCTURE CLIENT CARBON TARGETS

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

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

Some clients are setting qualitative targets that focus 
on minimising carbon footprints and using tools 
to minimise carbon, for example collecting more 
accurate carbon data on all projects, in order to set 
targets in the future.

Of those clients interviewed, the majority have been 
setting carbon targets for more than five years, which 
suggests it is a well-established process. Further, 
most organisations are using their own datasets 
as baselines, which indicates a level of maturity in 
addressing their emissions.
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Figure 5. Publicly available client infrastructure carbon targets

 11

Figures from Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate change mitigation 
commitments doi:10.1016/j.enbuild.2018.01.023 & UKGBC (2017) Delivering low carbon infrastructure

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

Review conducted in July 2017

Carbon reduction targets of selected infrastructure clients

 » Most firms setting modest short-term targets focussed on Scope 1 & 2

 » Growing minority of firms also targeting Scope 3 reductions
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Science based targets
Gaining momentum

 » 417 companies globally taking action through SBT initiative (113 with approved targets)

 » >50 companies in construction, real estate and related industries

 » 43 companies with headquarters in UK

 » 17 companies involved in UK built environment

 » Discussions emerging around collective science based targets for UK sectors 
(e.g. rail), UK infrastructure or UK built environment as a whole

Numbers accurate as of 13/06/18 - according to http://sciencebasedtargets.org/companies-taking-action/



Local authorities are taking an interest
New London Environment Strategy
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2 5 9

156 RICS (2017) Whole life carbon assessment for the built environment, 1st edition. Accessed from: http://www.rics.org/uk/knowledge/
professional-guidance/professional-statements/whole-life-carbon-assessment-for-the-built-environment-1st-edition/ 
157 BREEAM is a widely used sustainability assessment method for master planning projects, infrastructure and buildings. It addresses several 
lifecycle stages such as new construction, refurbishment and operation. The Responsible Sourcing of Materials component of the BREEAM 
assessment recognises and encourages the specification of responsibly sourced materials for key building elements.
158 BSI (2014) PAS 2070 Specification for the assessment of greenhouse gas emissions of a city. Accessed from: http://shop.bsigroup.com/
Browse-By-Subject/Environmental-Management-and-Sustainability/PAS-2070-2013/

The Mayor encourages new 
developments to estimate lifecycle 
GHG emissions and minimise embodied 
carbon in construction. Through the 
London Plan and its associated guidance, 
the Mayor will encourage the application 
of nationally recognised methods to 
estimate lifecycle GHG emissions. For 
example, the Royal Institute of Chartered 
Surveyors has developed a professional 
standard for whole lifecycle assessment 
of the built environment, published 
in November 2017.156 In addition, the 
Mayor will work with the GLA group 
and key stakeholders such as the 
London Waste and Recycling Board 
(LWARB) to encourage embodied carbon 
assessments for large infrastructure 
projects, using an internationally 
recognised standard such as PAS 2080. 
Such an approach, which is already being 
piloted by TfL supports the development 
of a circular economy and can contribute 
to reducing embodied carbon by, for 
example, reusing materials or for new 
major developments to achieve a 
specified BREEAM credit for Responsible 
Sourcing of Materials.157

Policy 6.1.5 Monitor and report on 
London’s emissions regularly to track 
London’s progress 

Proposal 6.1.5.a Publish the London 
Energy and Greenhouse Gas Inventory 
on an annual basis 

To assess the impacts of actions taken 
by the Mayor and others to tackle climate 
change London’s emissions must be 
monitored. The London Energy and 
Greenhouse Gas Inventory (LEGGI) will 
be published on an annual basis, making 
data available to the public. London’s 
GHG emissions and activities to mitigate 
climate change will be reported annually 
through a global web platform, such as 
the Carbon Disclosure Project (CDP). 

London has a long history of leadership 
in understanding, and reporting on, its 
emissions. With the British Standards 
Institute it produced the UK’s first 
standard on wider city-level (scope 
3) emissions.158 This provided an 
assessment of all the emissions from 
London’s production and consumption 
activities and provided the first city 
case study of its kind internationally. 
The Mayor will publish indirect emission 
estimates to develop a trend of scope 3 
emissions. 

L O N D O N  E N V I R O N M E N T  S T R A T E G Y

Proposal 6.1.4.b Support the design 
of effective methods to ensure the 
energy and carbon performance of 
new developments meet their agreed 
designed standards 

There have recently been observed gaps 
in the designed energy performance 
and the operational performance of 
new developments, mainly due to 
materials and components not meeting 
specification, and lack of knowledge and 
skills of those making decisions within 
the construction process.154

The energy strategies that developers 
commit to must be delivered in practice, 
and any potential performance gap 
between design and construction must 
be minimised. This requires accurate 
methods for measuring performance 
once developments are operational,  
as well as good enforcement. However, 
boroughs have limited resources 
to enforce planning conditions and 
developers’ interest or involvement is 
likely to have ceased. 

To address these challenges, the Mayor 
will review the potential for applying 
other more effective methods of 

estimating building energy and carbon 
performance. The Mayor will also 
work with boroughs and developers to 
design more effective arrangements 
for monitoring the operational energy 
performance of new buildings, and 
provide guidance through supplementary 
documents to the London Plan. 

Proposal 6.1.4.c Encourage the 
reduction of whole lifecycle building 
emissions (embodied carbon) 

As onsite emissions continue to reduce, 
embodied carbon (those emissions 
associated with the production of 
building materials) will form a greater 
part of a development’s total carbon 
footprint. In order to reduce these 
emissions, accurate measurement 
methodologies are needed. A survey 
conducted to inform the assessment 
of city-wide carbon footprints found no 
consistency in the data sources, tools 
or methodologies used to calculate 
embodied emissions.155 Ninety per cent 
of construction industry professionals 
responded to a survey stating that they 
would benefit from better guidance and 
support. 

154 Zero Carbon Hub (2013) Closing the Gap Between Design and As-Built Performance. Accessed from: http://www.zerocarbonhub.org/sites/
default/files/resources/reports/Closing_the_Gap_Bewteen_Design_and_As-Built_Performance_Interim_Report.pdf
155 Mayor of London (2014) Application of PAS 2070: London case study. Accessed from: https://data.london.gov.uk/dataset/application-
pas2070-london-case-study 

L O N D O N  E N V I R O N M E N T  S T R A T E G Y
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default/files/resources/reports/Closing_the_Gap_Bewteen_Design_and_As-Built_Performance_Interim_Report.pdf
155 Mayor of London (2014) Application of PAS 2070: London case study. Accessed from: https://data.london.gov.uk/dataset/application-
pas2070-london-case-study 

GLA (2018) London Environment Strategy p258-259
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Estimates of total potential
Generally of the order of several million tonnes of CO2e

 » 2009 estimate for Forestry Commission that an expanding market for wood 
construction products could store just under 4MtCO2e/yr and displace a 
further 7MtCO2e/yr through substitution 

 » 2013 ASBP report suggested that a 3x increase in the intensity of bio-based 
material usage gives additional sequestration of up to 22MtCO2e by 2050 

 » CCC 2016 estimate of an additional 4MtCO2 sequestered by 2050

 » An up-to-date detailed UK estimate would be helpful

Estimates from Read et al. (2009); Sadler & Robson (2013) & CCC(2016)
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Welsh carbon targets
Recommended pathway from CCC advice

 » Welsh emissions will need to fall by 75% on today’s levels to meet 2050 target 
set out in 2016 Environment (Wales) Act

 » CCC recommend first two carbon budgets are consistent with average 23% 
reduction (2016-2020) & 33% (2021-25) against 1990 levels

CCC (2017) Building a low-carbon economy in Wales. Setting Welsh carbon targets.

Executive Summary 9 

carbon budget, with much of the anticipated reduction due to reduced fossil power 
generation. 

‒ First carbon budget (2016-20). We recommend that emissions over the first carbon 
budget period are limited to an average of 23% below 1990 emissions. 

‒ Second carbon budget (2021-25). We recommend that emissions over the second 
carbon budget period are limited to an average of 33% below 1990 emissions. 

• Adjustment in case of the Aberthaw coal plant closing before 2025. The recommended 
levels of the 2020 target and the first two carbon budgets allow for continued generation, 
though declining, from the large Aberthaw coal-fired power station in South Wales. If 
emissions from this station cease prior to 2025, these targets should be tightened in order 
to maintain the ambition embodied in the recommended 2020 target and carbon budgets 
across the rest of the Welsh economy. Our recommendations in Chapter 5 set out the 
appropriate adjustments. For example, closure of the station before 2020 should lead to the 
2020 interim target being tightened to a reduction of 32% on 1990 levels.

Figure 1. Emissions scenarios and recommended targets for Wales over the period to 2050 

Source: CCC analysis. 
Notes: The scenario range presented is from Wales's contribution to meeting UK carbon budgets and the UK 
2050 target (at the lower end) to the maximum reductions identified for Wales. 

In order to provide a stable, long-term framework to drive the required steady reductions in 
emissions, it is necessary for policies to act on time horizons longer than the five-year Welsh 
Parliamentary terms and the individual carbon budgets aligned to them. A longer-term view is 
required, in keeping with the intent of the Well-Being of Future Generations Act. Development 
of policies in the rest of this Welsh Parliament term should be with the aim of meeting the 2030 
target and preparing to meet the 2050 target, as well as meeting the carbon budgets to 2025. 

2020 target, with Aberthaw

2020 target, without Aberthaw

2030 target

2040 target

Legislated 80% reduction

0

5

10

15

20

25

30

35

40

45

50

2015 2020 2025 2030 2035 2040 2045 2050

M
tC

O
2e

Scenario range Recommended Pathway

27% less than 1990

45% less than 1990

67% less than 1990

Executive Summary 9 

carbon budget, with much of the anticipated reduction due to reduced fossil power 
generation. 

‒ First carbon budget (2016-20). We recommend that emissions over the first carbon 
budget period are limited to an average of 23% below 1990 emissions. 

‒ Second carbon budget (2021-25). We recommend that emissions over the second 
carbon budget period are limited to an average of 33% below 1990 emissions. 

• Adjustment in case of the Aberthaw coal plant closing before 2025. The recommended 
levels of the 2020 target and the first two carbon budgets allow for continued generation, 
though declining, from the large Aberthaw coal-fired power station in South Wales. If 
emissions from this station cease prior to 2025, these targets should be tightened in order 
to maintain the ambition embodied in the recommended 2020 target and carbon budgets 
across the rest of the Welsh economy. Our recommendations in Chapter 5 set out the 
appropriate adjustments. For example, closure of the station before 2020 should lead to the 
2020 interim target being tightened to a reduction of 32% on 1990 levels.

Figure 1. Emissions scenarios and recommended targets for Wales over the period to 2050 

Source: CCC analysis. 
Notes: The scenario range presented is from Wales's contribution to meeting UK carbon budgets and the UK 
2050 target (at the lower end) to the maximum reductions identified for Wales. 

In order to provide a stable, long-term framework to drive the required steady reductions in 
emissions, it is necessary for policies to act on time horizons longer than the five-year Welsh 
Parliamentary terms and the individual carbon budgets aligned to them. A longer-term view is 
required, in keeping with the intent of the Well-Being of Future Generations Act. Development 
of policies in the rest of this Welsh Parliament term should be with the aim of meeting the 2030 
target and preparing to meet the 2050 target, as well as meeting the carbon budgets to 2025. 

2020 target, with Aberthaw

2020 target, without Aberthaw

2030 target

2040 target

Legislated 80% reduction

0

5

10

15

20

25

30

35

40

45

50

2015 2020 2025 2030 2035 2040 2045 2050

M
tC

O
2e

Scenario range Recommended Pathway



Slide 25 of 27

Revised Welsh planning policy
Should be supportive

Welsh Government (2018) Draft Planning Policy Wales Edition 10.

 

85 
 

meeting this demand with renewable and low carbon sources of energy. This is 
particularly important in supporting the electrification of energy use. All aspects of the 
energy hierarchy have their part to play, simultaneously, in helping meet 
decarbonisation and renewable energy targets.  
 

 
 
Sustainable Buildings 
 
4.115 The planning system should facilitate new development that 
enables decarbonisation, tackles the causes of climate change, and 
adapts to the current and future effects of climate change through 
the incorporation of effective mitigation and adaptation measures. 
 
4.116 The Welsh Government’s policy is to secure zero carbon 
buildings while continuing to promote a range of low and zero carbon technologies 
as a means to achieve this. 
 
4.117 Sustainable building design principles should be integral to the design of new 
development. Development proposals should: 
 

 mitigate the causes of climate change by minimising carbon 
and other greenhouse gas emissions associated with their 
design, construction, use and eventual demolition; and 

 include features that provide effective adaptation to, and 
resilience against, the current and predicted future effects of 
climate change. 

 

 

86 
 

4.118 Planning authorities should assess strategic sites to identify opportunities to 
require higher sustainable building standards (including zero carbon) to be required. 
In bringing forward standards higher than the national minimum, set out in Building 
Regulations, planning authorities should ensure what is proposed is evidence-based 
and economically viable.  
 
4.119 Sustainable building design principles should be integral to the design of new 
development. Practice Guidance – Planning for Sustainable Buildings provides 
guidance on sustainable building design. Where required, Design and Access 
Statements should show how sustainable building design principles have been 
considered in the design process. 
 
4.120 Developers should also take into account future 
requirements for carbon reduction in new buildings, as a result of 
changes to Welsh Building Regulations, when designing their 
schemes. Being mindful of any future changes will ensure design 
aspects of requirements are taken into account as early as 
possible. 
 
4.121 Further policy on maximising the circular economy in relation to handling 
waste from the development of new, sustainable buildings is provided later on in this 
chapter.  
 
4.122 The need to both accommodate and encourage the projected increase in Ultra 
Low Emission Vehicles (ULEVs) use in the public, private and domestic sector 
should be taken into account by planning authorities when planning for all 
development and determining planning applications. New development should seek 
to support, the provision of ULEV charging infrastructure. 
 
Renewable and Low Carbon Energy 
 
4.123 Planning authorities should facilitate all forms of renewable and low carbon 
energy development, using up to date and appropriate evidence. Planning 
authorities should seek to ensure their area’s full potential for renewable and low 
carbon energy generation is achieved and renewable energy targets are met.  
 
4.124 The Welsh Government has made many forms of domestic and non-domestic 
small scale renewable and low carbon energy development permitted development 
and, therefore, not requiring planning permission, subject to specific criteria. 
 
4.125 Planning authorities should develop an evidence base to inform the 
development of renewable and low carbon energy policies. Planning authorities 
should: 
 

 take into account the contribution that can be made by their 
local area towards carbon emission reduction and renewable 
and low carbon energy production; 

 recognise that approaches for the deployment of renewable 
and low carbon energy technologies will vary; 

 identify the accessible deliverable renewable energy resource 
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New CIE-MAP briefing note
Summary of status quo and recommendations

 » Research started by CIE-MAP will continue under the new £19m Centre for 
Research in Energy Demand Solutions (CREDS)

 » Get in touch now if you would like to be involved in, or shape, our research 
programme for the next 5 years (J.Giesekam@leeds.ac.uk)

Available from ciemap.ac.uk
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Summary
In short

 » The Paris Agreement means UK carbon targets must be strengthened

 » The goal is net zero emissions near mid century

 » Afforestation plays a key role in all scenarios that deliver our carbon targets

 » The UK built environment is decarbonising at a slower rate than is required

 » Timber products can be a lower carbon option for many projects

 » Product choices should be informed by a whole life carbon assessment

 » Clients & local authorities should drive uptake of a whole life carbon approach


