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Agenda
This talk will cover

 » Update on global carbon emissions

 » The new carbon context post Paris

 » UK carbon emissions in design, construction and operation of built assets

 » Industry progress in carbon reduction 

 » Current and upcoming guidance on carbon reduction

 » The global opportunity for carbon mitigation in construction
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CIEMAP
Our mission and approach

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

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

www.ciemap.ac.uk
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CIEMAP (2016) A whole system analysis of how industrial energy and material demand reduction can contribute to a low carbon future for the UK. Report available from ciemap.ac.uk
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A century of growth
In population, energy and material consumption

Historic data and future projections from UN (2016), Smil (2010), Krausmann et al. (2009), SERI (2012), EIA (2016)
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Material footprint of UK consumption
Over 1 billion tonnes of materials per year, mostly imported

Owen, Giesekam and Barrett (2016) Resource efficiency metrics - initial findings. Report to DEFRA.
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The global technosphere
~30 trillion tonnes of stuff we’ve created

Photo of Tokyo courtesy of CTG/SF: https://www.flickr.com/photos/27966213@N08/13987969379/
Estimate from Zalasiewicz et al. (2016) Scale and Diversity of the Physical Technosphere : A Geological Perspective.
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Consequences for the climate
Current CO2, CH4 & N2O concentrations unprecedented in >800,000 years

Global Carbon Project (2016) Carbon budget and trends 2016 - www.globalcarbonproject.org/carbonbudget
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Global emissions trend
2016 total similar to 2014
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Paris Agreement on climate change
Global agreement in December 2015
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 » 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

 » 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



Emissions scenarios to 2100
Current commitments likely to yield around 3°C increase
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net-negative global emissions
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Global impacts of climate change
Will be “severe, pervasive and irreversible” 

Quote from IPCC 2014 Synthesis Report. Image from Tuvalu courtesy of Climate Visuals. 
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Climate impacts in the UK
Over 20 areas identified where greater action is needed

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.
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Global energy & process emissions
The built environment is responsible for a significant portion directly and indirectly

Allwood & Cullen (2012) Sustainable materials with both eyes open
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Current UK targets
Series of legally binding 5 year carbon budgets
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New UK goal is net zero emissions
Near the middle of this century
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 » CCC advise Paris Agreement goals means UK must be net zero CO2 by 
2055-2075 for >66% chance of achieving 2°C or before 2050 for 1.5°C 

 » UK Government has already intimated that the net zero goal must enter 
UK law: “The question is not whether but how we do it”

Quote from Andrea Leadsom – Minister of State for Energy - Hansard HC Deb vol 607 col 725 (14/03/2016)
CCC (2016) UK climate action following the Paris Agreement



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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Achieving net zero in the UK
Will be extremely difficult

Slide 16 of 34CCC (2016) UK climate action following the Paris Agreement

 » Requires maximum deployment of all 
identified mitigation options

 » Plus deployment of negative emissions 
technologies (up to max ~100 MtCO2e/yr)

 » Plus further offsetting elsewhere

 » Remaining emissions in current CCC 
scenarios are predominantly from 
aviation, agriculture and industry (mainly 
materials production i.e. construction 
products)



UK net zero CO2

>66% chance of 2°C
5th Carbon Budget

GHG 57% <1990
CCA

80% <1990
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Asset design life
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The implications for construction
Most assets under design now must operate in a net zero nation
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Construction 2025, GCB Routemap and ICR
Reports set out required changes and target trajectory to 2050
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 » Set ambitious carbon reduction targets

 » Provide baselines for ‘built environment’ and ‘infrastructure’ carbon emissions

39

0.65

0.65

12 38

15105

105 15

0.2

11

9

2

61

61

UK 
Built Environment

Operational
Non-Domestic

Capital
Carbon

Operational
Domestic

Existing

New

Existing

Existing

209

Operational
Infrastructure

New

10%

10%

10%

3m2

2

5m  2
/ household

/ household

/ household

50%

17.5°

Mean
Temperature

PV
Panels

10m
PV

Panels

Heat 
Delivery

Heat 
Delivery Easy

Retrofits

Hard
Retrofits

Heat 
Delivery

Transportation
Carbon Intensity 

Site 
Efficiency

CCS in 
Materials 

Sector

Metals 
Industry 
Efficiency

Concrete 
Industry 
Efficiency

 Brick 
Industry 
Efficiency

Plastic
Industry 
Efficiency

Glass 
Industry 
Efficiency

Materials 
Efficiency 
By Design 

CO2

Growth of
Infrastructure

Spending

C+D
Landfill 
Waste 

46%
Gas 
Boiler

41%
Heat 

Pumps

7%
District Heating

6%
Resistive Heating

Water 
Use

Lighting
Use

Lighting
Technology Energy

 Savings

Performance
Gap

5%

90%

49%

5%

100%

43%

31%

61%

30%

15%

89%

Performance
Gap

Technologies 
v Best Practice

Technology 
Improvement 
v 2010 Best 

Solar
Thermal

70%

95%

50%

25%

20%

Heat
Delivery

Cooling
Delivery

Cooling
Delivery

51 % 
Gas Boiler

24%
Heat Pumps

10%
District
Heating

100% Air 
Conditioning

15%
Resistive
Heating

100% Air
Conditioning

30%
Gas Boiler

55%
Heat 

Pumps
10%

District 
Heating

5%
Resistive Heating

35%
Gas 
Boiler

36%
Heat 

Pumps

15%
District
Heating

14%
Resistive 
Heating

50%

20%

20%

20%

Draught Proofing
3,378 K Hard
18,337 K Easy

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

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

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

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

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

Homes

2.3%

50%

70%

of potential

of potential

Lighting
Technology Energy

Savings

Compound Annual

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

Baseline 1990 Carbon Dioxide 
Emissions (MtCO2e)

Interventions and Assumptions 
for Emissions Reductions

2050 Carbon Dioxide Emissions 
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Operational Non-Domestic includes heating, cooling, ventilation, hot water, and lighting and excludes  cooking, other appliances, and plug loads.

Operational Domestic includes heating, cooling, ventilation, hot water, and lighting and excludes  cooking, other appliances, and plug loads.

Operational infrastructure includes emissions from water/wastewater, outdoor lighting and construction and demolition (C&D) waste treatment, 
and excludes emissions from use of infrastructure by vehicles.

Capital carbon includes direct process emissions and indirect emissions from the manufacture and production of UK and imported construction
materials and products, emissions from the transport of materials, emissions associated with professional services in support of construction, 
and all C&D work on site.

Carbon emission sources coveredLegend

This infographic is based on the Green Construction Board’s Low Carbon Routemap for the Built 
Environment.  Development of the Routemap was managed by WRAP, working in collaboration 
with Arup and the Climate Centre. The carbon emission sources included in the analysis and their
values are based on the Routemap. For more information visit www.greenconstructionboard.org.
 
For each input, absolute values in 2050 are provided, unless followed by a       to denote a 
percentage increase between 2010 and 2050 or a       to denote a decrease.
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HM Government (2013) Construction 2025;  HM Treasury (2013) Infrastructure Carbon Review; Green Construction Board (2013) Low Carbon Routemap for the UK Built Environment

Infrastructure Carbon Review

November 2013
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Our vision  
for 2025
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for world-leading susTainaBle 
archiTecTure, choose The uK

The Reichstag, Berlin
Foster + Partners Architects

ukti.gov.uk/greatbritain

©
 N

ig
el

 Y
ou

ng
 /

 F
os

te
r 

+
 P

ar
tn

er
s

•    PEOPLE  An industry that is known for its talented  
and diverse workforce

•    SMART An industry that is efficient and  
technologically advanced

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

•    GROWTH An industry that drives growth across  
the entire economy

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

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

EXECUTIVE SUMMARY | CONSTRUCTION 2025

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

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

Guangzhou Opera House, China
Zaha Hadid Architects

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

ukti.gov.uk/greatbritain  
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reduction in the initial cost of construction 
and the whole life cost of built assets

Lower costs 

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

Improvement  
in exports

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

Faster delivery 

reduction in greenhouse gas emissions  
in the built environment 

Lower  
emissions

50% 50%

50%33%

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

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

Image courtesy of UKTI

4 5



Important considerations
Boundaries and objectives

Baselines and methodologies
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 » The goal is reducing whole life carbon on a whole economy basis across a growing stock of assets 

 » Whole life carbon is made up of Capital Carbon (CapCarb), Operational Carbon (OpCarb) and Use Carbon 
(UseCarb) – though the precise definitions vary between reports 

 » Important to consider whether industry has control or influence over the carbon, when the emissions will 
occur, and what the realistic scope for mitigation is

 » Numerous means of dividing the data which results in different baselines

 » Methodologies still under development and dependent upon coarse data

 » More collaboration and sharing of data will be crucial in improving understanding of how carbon is 
distributed along supply chains

 » The distribution of whole life carbon varies widely between projects, the following slides are an industry 
overview
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Low Carbon Routemap for the Built Environment (2012) includes only Cap & OpCarb for domestic, non-domestic & infrastructure assets

Construction 2025 target

2050 Routemap 80% reduction in built environment target
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UK’s carbon footprint (2012)

Cap Op (29%) Use (70%)
Infrastructure Carbon Review (2010) includes only energy, transport, water, waste & telecoms assets

Energy
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Energy Transport

Greenhouse gas emissions (MtCO2e)

Remaining emissions in CCC 2050 net zero scenario

Territorial basis
Consumption basis

The challenge
A snapshot of UK greenhouse gas emissions (MtCO2e)

Slide 20 of 34UK’s carbon footprint published by DEFRA (1997-2013) based on CIEMAP data, other sources as listed

 » Immediate priorities are energy & transport but long term targets require reductions everywhere, including CapCarb



OpCarb emissions (MtCO2e) Distribution (% of OpCarb emissions)
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Operational Carbon & Use Carbon in infrastructure
The bulk of emissions are related to energy and transport

Slide 21 of 34Based on figures from Infrastructure Carbon Review



Progress reducing carbon in the built environment
Last Routemap progress report produced in December 2015
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 » Progress to 2013 suggests we are not on trend to meet 2025 ambitions

 » CapCarb has increased since 2013 Routemap report

 » 2017 update will be produced soon

Green Construction Board Low Carbon 
Routemap for the Built Environment 

2015 Routemap Progress | Technical Report

15 December 2015

* Projected emissions based upon analysis by presenter using reported OpCarb (including provisional statistics for 2015) and projected CapCarb (using reported financial value of 
output and extrapolating historic emissions intensity trend) 
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Projected emissions

Routemap 80% reduction scenario
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The trend
Built environment emissions 1990-2013

Green Construction Board (2015) Low Carbon Routemap for the UK Built Environment. Routemap Progress Technical Report Slide 23 of 34
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 » Slow reductions in operational carbon, recent increases in capital carbon

 » Impossible to achieve industry targets without reductions in both capital and operational carbon



Capital Carbon in the built environment
Estimated carbon footprint of UK construction supply chains

Based on 2011 data from Giesekam et al. (2014) Energy and Buildings 78 pp202-214 Slide 24 of 34
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 » Based on limited data

 » Past approaches (e.g. ICR) have mostly relied 
on financial proxies, disregarding the carbon 
intensity of different asset types

 » Inclusion of more asset level data and sectoral 
projections will improve understanding
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Capital Carbon is a growing share of whole life carbon
Particularly as operational emissions reduce

Figures based on 80% reduction scenario reported in the 2013 Low Carbon Routemap for the Built Environment with data updated to the new baseline from the 2015 progress report.
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Capital Carbon on most building projects
Is already a substantial proportion of whole life carbon

RICS (2014) Methodology to calculate embodied carbon. Global Guidance Note

10 RICS guidance note

Figure 4: Relative impact of the consequent life cycle stages on the overall carbon footprint for different types 
of buildings, calculated over 30 years (the energy results have been based on the Building Regulations) 

Additionally, the relative contribution of embodied carbon to the overall carbon ‘pie’ is continuously increasing for the new 
built projects particularly for many countries where building more energy efficient buildings is a legislative requirement 
(see Figure 5). This is mainly a direct result of building codes and local planning policies, which require progressively lower 
operational carbon emissions. 

Figure 5: The ratio of embodied to operational carbon increases as Building Regulations are revised

As shown in Figure 3, life cycle carbon impacts encompass not only emissions associated with energy consumption during 
the product stage. RICS, however, recommends that quantity surveyors start their embodied carbon assessments from 
this stage. This is due to calculation complexity and limited potential to influence embodied carbon associated with other 
life cycle stages. Additionally, early in the design process, quantity surveyors are unlikely to have access to the detailed 
information required to calculate emissions from other stages, causing very high levels of uncertainty and inaccuracy (see 
Figure 6).

Embodied carbon                  Operational carbon (regulated energy)
Typical  
projects

Low-carbon 
projects 
(current best practice)

Zero-carbon 
projects 
(2016 dwellings; 2019 non-dwellings)



Government Construction Strategy
For the current parliament

The Infrastructure and Projects Authority (2016) Government Construction Strategy 2016-2020 Slide 27 of 34

 » The principal objectives include ambitions to:       
“enable and drive whole-life approaches to cost and carbon reduction” 
and to “develop data requirements and benchmarks for measurement of 
whole-life cost and whole-life carbon (embodied and operational)”

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

 » Ultimately forming “recommendations for a future approach”

Reporting to HM Treasury
and Cabinet Office

Government Construction 
Strategy 2016-20

March 2016
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Existing guidance on carbon reduction
Array of recent publications
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Energy Briefing Sheet:  
Embodied Energy and Carbon 

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

Definition  

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

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

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

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

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

Demolition energy is the energy necessary to demolish and dispose of the building at the 
end of its life. 
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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

 
1 Embodied Carbon Week – Seeing the whole picture www.ukgbc.org

Key findings from Embodied Carbon Week 2014 

Embodied Carbon Week –
Seeing the whole picture

24 APRIL 2014

CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT
© 2013 UK Green Building Council Registered charity number 1135153
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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 
  

Resource Efficient Construction 

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

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

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

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

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

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

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

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

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

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

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

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

Embodied 
carbon 

Operational 
carbon 

Embodied 
carbon 

Operational 
carbon 

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

RICS Professional Guidance, Global

Methodology to calculate 
embodied carbon
1st edition

rics.org/blackbook

RICS guidance note

GCB & CLC (2016); RICS (2014); UKGBC (2015); WRAP (2014); GLA(2013); WRAP (2014); Battle et al. (2014); ICE (2011); Clark (2013); CPA (2012); UKGBC (2014)
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Upcoming guidance
Due out later this year

 » UK-GBC ‘Embodied Carbon: Developing a Client Brief’ guidance 
document and supporting information

 » Outputs of Innovate UK Implementing Whole Life Carbon in 
Buildings project including RICS Professional Statement intended 
to ensure consistency in the assessment process

 » Springer book on ‘Embodied Carbon in Buildings’

 » and many more...

 » UK-GBC guidance will be launched at Ecobuild City Hall Session: 
Embodied Carbon – developing a client brief, today at 16:30 - 17:45. 
Full guidance available from UK-GBC website later today.

Developing a Client Brief
Embodied Carbon:

March 2017 WORK SPONSORED BY:



Progress in carbon assessment practice
Recent improvements but still much to be done

Slide 30 of 34

 » Assessment now routine in some sectors but still non-existent in others

 » Best practice yet to be effectively shared between infrastructure and buildings

 » Increasing availability of product data (e.g. >3500 verified EPDs plus >4000 unverified EPD) but still high 
dependency upon generic data

 » Practical challenges to be overcome e.g. gathering accurate data on site and improving carbon literacy 

 » Benchmark data slowly emerging for some project types

 » Project carbon intensity targets have been introduced by some clients but project targets are not yet 
consistent with sectoral or national targets

 » International precedents for using carbon criteria to assess tenders in public procurement; the introduction 
of regulations requiring whole life carbon measurement and reporting; and regulation of environmental 
claims from product manufacturers
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For further information about the National Needs Assessment  
please contact Andrew Wescott andrew.wescott@ice.org.uk 

National Needs Assessment
Sets out significant challenges ahead

Slide 31 of 34Atkins, ICE & ITRC (2016) National Needs Assessment

 » Projected population of 75 million by 2050

 » Need 300,000 new homes per year for foreseeable future

 » Traffic growth of up to 50% in some regions

 » High projected costs of flood risk management

 » Total energy demand may increase from 900 to 1200 TWh/year

 » Supporting ITRC analysis sets out carbon implications for a range of 
scenarios

 » Greater understanding of local considerations and interactions across 
this system of systems is essential in determining carbon impacts



Required reductions in Capital Carbon
Anticipated embodied emissions of UK construction 2001-2030
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
 

2050 target

21% by 2022

29% by 2027
34% by 2037

Required improvements from 
design, material manufacture 
and on-site activities 
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 » 27 scenarios using UK Buildings and Infrastructure Embodied Carbon model

 » Including improvements in grid intensity from DECC (2014)

Giesekam et al. (In Press) Scenario analysis of embodied greenhouse gas emissions in UK construction. Proceedings of the ICE - Engineering Sustainability



Vast international scope
Greenhouse gas emissions of construction sector supply chain by country

Slide 33 of 34Based upon CIEMAP MRIO analysis using WIOD data for 40 countries plus ‘rest of world’
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 » Construction firms in these 14 countries alone influence 4.4 GtCO2e of supply chain emissions



 » The net zero emissions goal creates a new carbon context

 » Earlier mitigation will be more cost effective and reduces dependence upon unproven negative emissions 
technologies

 » Faster progress is needed to get the construction industry back on a trajectory that is consistent with our 
national targets

 » New tools and guidance have supported improvements in practice but these changes have only permeated 
certain sectors of the industry 

 » Collaboration is needed to improve our understanding of how carbon is distributed

 » Scenario analyses show the likely impact of demographic trends and increasing significance of Capital Carbon

 » The substantial global scope for mitigation in construction means there will be a market for low carbon skills, 
products and expertise

 » The UK is well positioned to tap into this market but needs to stay ahead of the competition. That means 
driving best practice at home now.

Summary
Achieving net zero this century requires urgent action now
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