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

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

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

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

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

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

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

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

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

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

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

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

Keywords: alternative materials, CO
2 reduction, construction sector, embodied carbon, greenhouse gas emissions,
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IntroductionThe construction sector is the largest global consumer

of materials, and buildings are the sector with the

largest single energy use worldwide (Krausmann

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

quently, buildings are also responsible for 19% of

global greenhouse gas (GHG) emissions (Intergovern-

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

Recent studies have suggested that buildings offer the

greatest abatement opportunities for reducing GHG

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

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

through the introduction of regulation requiring

improvements in building fabric and performance,

such as the European Union (EU) Energy Performance

of Buildings Directive. These regulations have princi-

pally focused on the operational GHG emissions

associated with energy use in activities such as space

heating, cooling and lighting. However, these regulat-

ory drivers have not extended to the embodied

carbon1
associated with the initial production of struc-

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

demonstrated that embodied carbon can account for

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

emissions (Ibn-Mohammed, Greenough, Taylor,

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

portion depends upon a number of characteristics

including building use, location, material palette, and

assumptions about the service life and future energy

supply. The proportion tends to be higher in certain

structure types, such as industrial warehousing,

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

c t

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1. Introduction

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

anticipated increases in the frequency of extreme weather events,

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

sity represent a fundamental risk to the health and livelihoods of

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

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

influence has been the dominant cause of the observed warming

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

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

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

restrial habitats and continue to extract 60 billion tonnes of raw

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

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

gle energy use worldwide and are responsible for approximately a

third of global carbon emissions [5,6].

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

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

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

construction sector influences is significant, accounting for an esti-

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

construction industry requires over 420 million tonnes of material

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

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

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

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

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

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

addition to direct environmental impacts from its activities, the

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

energy and facilitating sustainable practices in other areas of the

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

resents a sizeable package of works for the construction industry.

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

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

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

The UK is facing a sizeable housing shortfall, the imminent

replacement of the majority of its electricity generating plant, and

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

requires that all nations rapidly reduce greenhouse gas (GHG)

emissions to achieve a balance between sources and sinks in

the second half of this century. The construction industry has

a critical role to play in climate change mitigation, being

a significant emitter of GHGs both directly through its activities

and supply chains and indirectly through operation of the assets

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

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

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

through sequestration within biogenic building materials

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

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

the Paris Agreement would require all new building construction

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

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

all GHG emissions associated with the construction of new

assets and significant growth in the use of biogenic building

materials.

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

halving GHG emissions from the built environment by 2025

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

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

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

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

mitigation efforts to date have been insufficient to deliver the

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

delivering domestic retrofit projects, combined with a growth in

embodied emissions from increased construction of new assets,

has established a substantial gap between the targets and reality.

This gap will widen if construction activity continues to increase,

carbon capture and storage technology remains financially

unviable for material producers or the rate of electrical grid

decarbonisation does not significantly accelerate (Giesekam et al.,

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

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

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

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

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

environment emissions (see Figure 1). These embodied carbon

emissions can be addressed through a wide range of mitigation

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

such as improvement in the efficiency of structural designs (Cullen

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

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

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

approaches that encourage increased reuse and recycling of

materials, components and structures (Densley Tingley and

Davison, 2011; Pomponi and Moncaster, 2017).

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

implementing ambitious organisational carbon dioxide reduction

targets, through schemes such as the Science Based Targets

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

assessing and reporting scope 3 emissions associated with the

development of new built assets, and an increasing number are

also targeting reductions through the use of embodied carbon or

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

an overview of current carbon dioxide assessment (‘carbon

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

critical features of an appropriate response. 

© 2018 The Authors. Published by Elsevier B.V. 

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 

https://doi.org/10.1016/j.enbuild.2018.01.023 
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Publications from CIE-MAP

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 signi� 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, retro� tting one existing home 
every minute, and delivering an infrastructure pipeline worth 
in excess of £600bn. UK � 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 � 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 e�  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.

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

All available at ciemap.ac.uk
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Science & Environment

Final call to save the world from 'climate catastrophe'
By Matt McGrath
Environment correspondent, Incheon, South Korea

It's the final call, say scientists, the most extensive warning yet on the risks of rising
global temperatures.

Their dramatic report on keeping that rise under 1.5 degrees C says the world is now
completely off track, heading instead towards 3C.

Keeping to the preferred target of 1.5C above pre-industrial levels will mean "rapid, far-
reaching and unprecedented changes in all aspects of society".

It will be hugely expensive - but the window of opportunity remains open.

Climate change: How 1.5 degrees could change the world

Media playback is unsupported on your device

Home News Sport Weather iPlayer Sounds

10/17/2018 Scientists warn of imminent climate catastrophe without massive changes – Channel 4 News

https://www.channel4.com/news/scientists-warn-of-imminent-climate-catastrophe-without-massive-changes 1/2

     
  

 
 

            
         

  

          

         

          

          

        

        

            

 

        

         

    

  

10/17/2018 We have 12 years to limit climate change catastrophe, warns UN | Environment | The Guardian

https://www.theguardian.com/environment/2018/oct/08/global-warming-must-not-exceed-15c-warns-landmark-un-report 1/5

We have 12 years to limit climate change catastrophe,
warns UN

Jonathan Watts Global environment editor

Urgent changes needed to cut risk of extreme heat, drought, floods and poverty, says
IPCC

Mon 8 Oct 2018 07.23 BST

The world’s leading climate scientists have warned there is only a dozen years for global
warming to be kept to a maximum of 1.5C, beyond which even half a degree will significantly
worsen the risks of drought, floods, extreme heat and poverty for hundreds of millions of
people.

The authors of the landmark report by the UN Intergovernmental Panel on Climate Change
(IPCC) released on Monday say urgent and unprecedented changes are needed to reach the
target, which they say is affordable and feasible although it lies at the most ambitious end of
the Paris agreement pledge to keep temperatures between 1.5C and 2C.

The half-degree difference could also prevent corals from being completely eradicated and
ease pressure on the Arctic, according to the 1.5C study, which was launched after approval at a
final plenary of all 195 countries in Incheon in South Korea that saw delegates hugging one
another, with some in tears.

10/17/2018 World to miss Paris climate targets by wide margin, says UN panel | Financial Times

https://www.ft.com/content/353d0cac-ca52-11e8-9fe5-24ad351828ab 1/5

Scorcher: Australia's climate casualties are its farmers, who this year endured a devastating drought mid-winter © Bloomberg

Leslie Hook in London OCTOBER 8, 2018

The world is on track to overshoot the targets of the Paris climate agreement and warm by 3
degrees Celsius by the end of the century, a level that would disrupt life around the planet.

A report from 91 scientists convened by the UN’s Intergovernmental Panel on Climate Change
concluded the earth had warmed by 1C since pre-industrial times and was likely to heat up by a
further 2C by the turn of the century, based on current policies.

That would overshoot the targets of the Paris climate agreement in which more than 180 countries
agreed to keep global warming “well below” a 2C increase, without specifying what “well below”
meant.

“Every extra bit of warming matters,” said Hans-Otto Pörtner, a co-chair of the IPCC working
group on climate impacts. “Warming of 1.5 degrees [Celsius] or higher increases the risk associated
with long-lasting or irreversible changes.”

The report was commissioned by the Paris signatories to help them understand the vastly different
implications of 1.5C of warming — the target they agreed to move towards — and the 2C they
committed to stay below.

Climate change

World to miss Paris climate targets by wide margin, says UN panel

IPCC calls for ‘unprecedented’ action to avoid devastating impact

We use cookies  for a number of reasons, such as keeping FT Sites reliable and secure, personalising
content and ads, providing social media features and to analyse how our Sites are used.

Manage cookies Accept & continue

Cookies on FT Sites



“Limiting warming to 1.5ºC is possible within the laws 
of chemistry and physics but doing so would require 
unprecedented changes”

Jim Skea, Co-Chair of IPCC Working Group III

IPCC Special Report



The Paris Agreement  
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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, 
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Global carbon emissions continue to rise

Global Carbon Project (2017) Carbon budget and trends 2017 - www.globalcarbonproject.org
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We need changes in supply and demand

Global Carbon Project (2017) Carbon budget and trends 2017 - www.globalcarbonproject.org
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Concentrations unprecedented in last >800,000 years

Global Carbon Project (2017) Carbon budget and trends 2017 - www.globalcarbonproject.org
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Impacts include

See IPCC (2014) Climate Change 2014 Synthesis report & Royal Society (2017) Climate updates. 
What have we learnt since the IPCC 5th Assessment Report? for full description of impacts 

CLIMATE UPDATES 11

This graph shows the observed change in global mean surface temperature relative to the average for the period 1850 to 1900. Data are shown 
from running annual averages of three observational datasets. Grey shading indicates an estimate of uncertainty (5 to 95% range) on the black line. 
Data courtesy of Met Office/CRU, NASA GISS and NOAA.

FIGURE 4

Global temperatures relative to 1850 – 1900.

Improved understanding of observational biases has 
shown that the rate of surface warming between 1998 and 
2012 was greater than the evidence available at the time 
of AR5 suggested. There is now more evidence that the 
handling of observational gaps over the Arctic, a region 
of rapid warming, is important. When these biases are 
taken into account, a temporary slowdown in the rate of 
surface warming can still be seen in the data, albeit less 
prominently. Research since AR5 has strengthened the 
conclusion that this slowdown was primarily caused by 
natural variability, associated partly with variations in the 
surface temperatures of the Pacific Ocean. 

The apparent differences in the rate of global surface 
temperature rise between models and observations 
have now been largely reconciled by taking proper 
account of internal variability, volcanic eruptions, and solar 
variability, in addition to the biases in the observational 
records. There are outstanding questions about the 
mechanisms that shaped the regional pattern of surface 
temperature change during the ‘pause’ – this is an area 
of ongoing research. 

How might this affect the IPCC statement?
New evidence since AR5 supports the IPCC 
assessment that the period of slower surface warming 
that was observed between 1998 and 2012 was a short-
term phenomenon not representative of long-term climate 
change. Despite the ‘pause’ in surface temperature 
rise, climate change carried on: the Earth continued to 
accumulate energy, particularly in the ocean, at a rate 
consistent with warming caused by human activities. In 
future the rate of surface warming is expected to continue 
to exhibit year-to-year and decade-to-decade variability 
in addition to the longer-term trend.
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There has been considerable use of computer models 
to investigate possible influences of Arctic warming on 
regional mid-latitude weather, and some theoretical, 
but conflicting, mechanisms have been proposed. If 
the weather systems stayed the same, enhanced Arctic 
warming would mean that the cold air blowing into 
middle latitudes from Arctic regions would be less cold. 
However, there is some evidence from models that 
regional decreases in sea ice, such as in the Barents-
Kara Sea (north of Finland and western Russia), can 
interact with the regional weather systems to increase 
the likelihood of very cold winter weather in Central 
Asia, as has been more prevalent since 1990. The 
nature and strength of linkages between Arctic sea ice 
loss and midlatitude weather is a focus of considerable 
current research.

How might this affect the IPCC statement?
Arctic sea ice extent observed in the past five years is 
consistent with the statements made in AR5 on its general 
rate of reduction. It is likely that the next IPCC report will 
include more discussion on linkages between Arctic sea 
ice loss and midlatitude weather, particularly in Central Asia.

FIGURE 6

Arctic sea ice area in September from 1979 to 2017.
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Shown here is the extent of Arctic sea ice for each September from 1979 to 2017 (black line), indicating a decline of 13.3% per decade. 
Data courtesy of National Snow and Ice Data Center, USA.
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This graph demonstrates the global mean sea level from 1880 – 2014. The blue line (with shaded uncertainty) comes from tide gauges scattered 
around the world’s coastlines. The red line comes from a series of satellite-borne radar altimeters, with near-global coverage of the ocean. 
Data courtesy of CSIRO, updated from Church and White (2011).

FIGURE 5

Global sea level observations.
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What do we know now?
Recent work has confirmed that observed warming of 
the ocean, contraction of glaciers and sea level change 
in the last few decades is due mainly to anthropogenic 
climate warming. An acceleration in the rate of sea level 
rise since the 1990s is consistent with increasing ice mass 
loss particularly from the Greenland Ice Sheet. There has 
recently been more attention paid to the West Antarctic 
Ice Sheet. Some glaciers there are currently retreating, 
and this has been suggested to be a sign that marine 
ice sheet instability is underway. For 2100, under high 
emissions scenarios, most recently-published estimates 
for the Antarctic contribution (mainly West Antarctica) to 
sea level rise do not exceed 0.4m. Global sea level rise 
from ice loss in both Greenland and Antarctica could 
however increase in rate beyond 2100, and will continue 
for centuries under all scenarios. 

Concern about the likely long-term sea level rise is 
heightened by evidence that sea level was 6 – 9 m higher 
than today during the last interglacial period (125,000 
years ago) when new climate reconstructions confirm that 
polar temperatures were comparable to those expected 
in 2100.

How might this affect the IPCC statement?
With the exception of one prominent study that projects 
the loss of most West Antarctic ice by 2500 under even 
moderate warming scenarios, other recent research is still 
broadly consistent with the AR5 assessment that marine 
ice sheet instability contribution to sea level rise will “not 
exceed several tenths of a meter” by 2100. Thus the AR5 
projections still represent current understanding, although 
suggestions that the contribution could be greater 
than was previously assessed need further evaluation. 
Quantitative uncertainties, reflected in the spread of 
results from recent studies, reinforce the need for better 
understanding of the processes leading to ice shelf and 
ice sheet retreat. It is moreover virtually certain that sea 
level rise will continue for many centuries. In a climate 
as warm as those projected in many models for 2100 
and beyond under high emissions scenarios, large parts 
of both ice sheets would be lost over millennia, leaving 
sea level many metres higher than present.

Increasing global temperature

Declining Arctic sea ice Widespread impacts on ecosystems

Increasing sea levels



Already ~1.1°C warmer where we are today

screenshot from interactive developed by Carbon Brief (2018) www.carbonbrief.org/
mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm

In comparison to 1951-1980 



Substantial risks for the UK

CCC (2017) UK Climate Change Risk Assessment 2017. Synthesis Report

UK Climate Change  
Risk Assessment 2017
Synthesis report: priorities for the next fi e years

Committee on  
Climate Change

Climate 
Change 
Risk  
Assessment

UK
2017

2 UK Climate Change Risk Assessment 2017 Synthesis Report | Committee on Climate Change

Key messages

The global climate is changing, with greenhouse gas emissions from human activity the dominant 
cause. The global increase in temperature of 0.85°C since 1880 is mirrored in the UK climate, with 
higher average temperatures and some evidence of more extreme weather events. Average annual 
UK temperatures over land and the surrounding seas have increased in line with global observations, 
with a trend towards milder winters and hotter summers in recent decades. Sea levels globally and 
around the UK have risen by 15-20 centimetres since 1900. Whilst natural variability in the climate will 
continue to have a large influence on individual weather events, the recent episodes of severe and 
sustained rainfall are consistent with projections of climate change.

The Paris Agreement is a significant step forward. 195 nations including the UK will “pursue efforts” 
to prevent more than a 1.5°C increase in global temperatures. Current commitments to reduce 
emissions however, even if fully implemented, will lead to an estimated 2.7°C rise. Global emissions 
would need to peak soon and then decline rapidly for the Paris Agreement goals to be feasible. Even 
in this scenario the uncertain sensitivity of the climate to greenhouse gases means there would remain 
at least a small chance of 4°C or more of warming by 2100. It is therefore prudent to prepare for further 
warming whilst pursuing more stringent emission reductions as part of the global effort.

The overall aim of the Evidence Report is to assess the urgency of further action to tackle current 
and future risks, and realise opportunities, arising for the UK from climate change. Almost sixty 
individual risks and opportunities have been assessed by leading academics and other experts as part 
of this second UK Climate Change Risk Assessment. Figure SR.1 presents the top six groups of risks. 
These are the most important because of their magnitude now and in the future, and because of the 
need for additional, co-ordinated steps to be taken within the next five years.

Figure SR.1: Top six areas of inter-related climate change risks for the United Kingdom

FUTURE RISK MAGNITUDE HIGH MEDIUM LOW NOW 

New and emerging  pests and diseases, and invasive non-native species, 
affecting people, plants and animals (Ch3, Ch5, Ch7)

Risks to natural capital, including terrestrial, coastal, marine and 
freshwater ecosystems, soils and biodiversity (Ch3)

Risks to health, well-being and productivity from high temperatures 
(Ch5, Ch6) 

Risk of shortages in the public water supply, and for agriculture, 
energy generation and industry (Ch3, Ch4, Ch5, Ch6)

Risks to domestic and international food production and trade 
(Ch3, Ch6, Ch7)  

Flooding and coastal change risks to communities, businesses 
and infrastructure (Ch3, Ch4 Ch5, Ch6)

MORE 
ACTION 
NEEDED 

RESEARCH 
PRIORITY 

Source: ASC synthesis of the main areas of risk and opportunity within the chapters of the Evidence Report.
Notes: Future magnitude is based on a combination of climate change and other drivers of risk (e.g. demographic change), taking account of how current adaptation 
policies and plans across the UK are likely to reduce risks.



Emissions from the built environment and its supply chains

Adapted from Allwood & Cullen (2012) Sustainable materials with both eyes open
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“...the UK’s current emissions targets are not aimed at 
limiting global temperature to as low a level as in the 
Agreement”

In 2016 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

Updated advice expected early 2019

Long term goal is net zero emissions

CCC (2016) UK climate action following the Paris Agreement



Implications for UK built environment

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

80% reduction from 1990
2008 Climate Change Act

Net zero emissions 
CCC ‘Climate action following 

the Paris Agreement’

40yr design life

60yr design life

HS2

Your project?

21 Moor�elds

2020Today 2030 2040 2050 2060 2070 2080 2090 2100



Mission to halve the energy use of new 
buildings by 2030

Targets 50% reduction in greenhouse gas 
emissions in the built environment by 2025

Construction Sector Deal

Industrial 
Strategy
Construction Sector Deal

HM Government (2018) Industrial Strategy Construction Sector Deal



Green Construction Board Low Carbon Routemap progress

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

Total built environment emissions

Green Construction Board Routemap 
80% reduction scenario

Embodied carbon emissions

0

50

100

150

200

250 MtCO2e

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



UK construction company carbon targets

Figures from Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national 
climate change mitigation commitments & UKGBC (2017) Delivering low carbon infrastructure
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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.

1990 2050 2000 2010 2020 2040 2030 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

Ca
rb

on
 t

ar
ge

t

Year

OpCarb
CapCarb
WL Carb

Baseline year

Year by which
the target needs to

be achieved

Figure 5. Publicly available client infrastructure carbon targets
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Carbon reduction targets of selected UK housebuilders & construction 
firms (representing turnover of £88.4bn in 2016) - based on July 2017 review

Carbon reduction targets of selected infrastructure clients



Science Based Targets

Numbers accurate as of 31/10/18 - see sciencebasedtargets.org for more information

497
companies taking action

63
in construction, 
real estate and 

supply chain

22 based in UK

149
  with approved targets



Typical breakdowns of whole life carbon emissions

End of lifeMaintenance and repairs Operational water and energyConstructionMaterials

WarehouseSemi-detached houseO�ceSupermarket

As operational emissions in new buildings reduce, the focus must move towards reducing 
whole life emissions, including embodied emissions

for a primer read Giesekam (2018) Reducing carbon in construction: a whole life approach
Figures from UKGBC (2017) Embodied carbon: developing a client brief



Guidance on embodied/whole life carbon
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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 
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Developing a Client Brief
Embodied Carbon:

March 2017
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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); WRAP (2014); GLA(2013); CPA (2012)



August 2018 revisions include:

New Policy SI2 DB: “Development proposals 
referable to the Mayor should calculate 
whole life-cycle carbon emissions through 
a nationally recognised Whole Life-Cycle 
Carbon Assessment and demonstrate actions 
taken to reduce life-cycle carbon emissions.”

Draft London Plan

T H E 
L O N D O N 
P L A N
T H E  S PAT I A L  D E V E L O P M E N T 
S T R AT E G Y  F O R  G R E AT E R  L O N D O N
D R A F T  F O R  P U B L I C  C O N S U LTAT I O N

D E C E M B E R  2 0 17 

GLA (2018) Draft New London Plan - 13 August 2018 edition

This is expanded upon in new 9.2.9A section and 
included in the energy strategy requirements.



Several important CCC reports (Bioenergy, land use, long term targets, CCUS)

WorldGBC & CIFF campaign

Coming up...

For more information see:  www.theccc.org.uk/coming-up  &  www.worldgbc.org/news-media/
worldgbc-responds-ipcc-entire-building-and-construction-supply-chain-must-decarbonise 



2 year programme co-created with local stakeholders 
addressing embodied and whole life carbon 
emissions on a series of live projects in Yorkshire

Will trial new approaches, conduct a city scale 
assessment of impacts and propose amendments 
to participants’ construction standards and the local 
sustainable construction SPD

Embodied Carbon Living Lab

email J.Giesekam@leeds.ac.uk if you would like to collaborate 



A thought on plastics

Image of Yiwu Santa Store at Futian market from 2017 film Bulkland  



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

slides available from www.jannikgiesekam.co.uk 


