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CIEMAP
Our mission
»» Working closely with government and industry, CIEMAP conducts research to
identify all the opportunities along the product supply chain that ultimately
deliver a reduction in industrial energy use
»» One of 6 RCUK funded centres focussing on end use energy demand in the UK
»» Interdisciplinary team from 4 universities plus contributions from the Green Alliance

www.ciemap.ac.uk
@CIEMAP
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CIEMAP
Our approach
»» Combining economy wide and sector specific analyses to identify opportunities
along supply chains
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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
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Material footprint of UK consumption
Over 1 billion tonnes of materials per year, mostly imported
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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/

Slide 6 of 24

Planetary boundaries
Current practices exceed the ‘safe operating space’ for humanity

Steffen et al. (2015) Planetary Boundaries: Guiding Human Development on a Changing Planet. Science 347 (62223)
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Consequences for the climate
Current CO2, CH4 & N2O concentrations unprecedented in >800,000 years
Data: CDIAC/NOAA−ESRL/GCP/Joos et al 2013/Khatiwala et al 2013
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Emissions scenarios to 2100
Current commitments likely to yield around 3°C increase
Data: CDIAC/GCP/IPCC/Fuss et al 2014
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Global impacts of climate change
Will be “severe, pervasive and irreversible”

Image from Tuvalu courtesy of Climate Visuals. Quote from IPCC 2014 Synthesis Report.
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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.

Climate impacts in the UK
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.

Over 20 areas identified where greater action is needed
Figure SR.1: Top six areas of inter-related climate change risks for the United Kingdom
Committee on
Climate Change

Flooding and coastal change risks to communities, businesses
and infrastructure (Ch3, Ch4 Ch5, Ch6)
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 natural capital, including terrestrial, coastal, marine and
freshwater ecosystems, soils and biodiversity (Ch3)
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MORE
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Synthesis report: priorities for the next fi e years

Risks to domestic and international food production and trade
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affecting people, plants and animals (Ch3, Ch5, Ch7)
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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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UK Climate Change Risk Assessment 2017 Synthesis Report | Committee on Climate Change

CCC (2017) UK Climate Change Risk Assessment 2017. Synthesis Report.
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Current UK GHG emissions targets
Based on series of legally binding 5 year carbon budgets
All targets are relative to baseline of territorial emissions in 1990

1000 MtCO2e

UK GHG emissions
UK Carbon Budgets
2050 target

900
800
700

23%

600

29%

500

35%
50%

400
300

57%

200

80%

100

2050

2030

2025

2020

2015

2010

2005

2000

1995

1990

0

Slide 13 of 24

The UK construction industry
Directly or indirectly influences most of UK GHG emissions
»» Has ambitious targets for cost, delivery, exports and emissions
»» Spends £3500 per second on procurement
2012 built environment emissions
Infrastructure
exeCutIve
| CONSTRUCTION2025
EXECUTIVESuMMAry
SUMMARY| CONSTRUCTION
2025

4

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

• GROWTH An industry that drives growth across
the entire economy

• SMART An industry that is efficient and
technologically advanced

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

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

This vision will provide the basis for the industry
to exploit its strengths in the global market.
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5
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33%

50%

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

reduction in the overall time, from inception to
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Improvement
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reduction in greenhouse gas emissions
in the built environment

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

50%
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50%

Construction 2025

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

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

Global Construction 2025;
Global Construction Perspectives and Oxford
Economics (July 2013)
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2050 80% reduction target
Infrastructure

Guangzhou Opera House, China
Zaha Hadid Architects

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

Construction 2025 target
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© Hufton+Crow
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‘Where is the carbon in construction?’: https://www.youtube.com/watch?v=QPIUrdgrkYI Slide 14 of 24
archiTecTure, choose The uK
Image courtesy of UKTI

© Nigel Young / Foster + Partners

July 2013

On any given project
Embodied carbon is a growing share of whole life carbon

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.

Embodied carbon

Operational carbon (regulated energy)

Typical
projects
Low-carbon
RICS (2014) Methodology
to calculate embodied carbon. Global Guidance Note
projects
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Embodied carbon in the built environment
Estimated carbon footprint of UK construction supply chains
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Progress so far
Last GCB Routemap progress report produced in December 2015
»» Progress to 2013 suggests we are not on trend to meet 2025 ambitions
»» Capital/embodied carbon emissions have increased since 2013 Routemap report
250 MtCO2e
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* 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)

Slide 17 of 24

New UK goal is net zero emissions
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.

Shortly after the middle of this century

»» CCC advise goal means UK must be net zero CO by 2055-2075 for >66% chance
of achieving 2°C or before 2050 for 1.5°C

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 2
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.

»» UK Government has already intimated that the net zero goal must enter UK law:
“The question is not whether but how we do it”
Figure 3.1. Residual UK greenhouse gas emissions in 2050 under Max deployment across all sectors
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CCC (2016) UK climate action following the Paris Agreement
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The implications for construction
Most assets under design now must operate in a net zero nation
Asset design life

5th Carbon Budget
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»» Construction products could also play a key role in sequestering carbon
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Existing guidance on carbon reduction
Array of recent publications
RICS guidance note
Information sheet for construction clients and designers

FEBRUARY 2015

RICS Professional Guidance, Global

Methodology to calculate
embodied carbon

Tackling embodied
carbon in buildings

1st edition

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?

Carbon saving action

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.

Using less materials

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.

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. lowerweight 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)

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”

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.

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)

CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT
© 2014 UK Green Building Council Registered charity number 1135153

Embodied Carbon

Recommendations for Zero Carbon Building Regulations
and Allowable Solutions
June 2014

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

Supported by

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.

1

Embodied Carbon Industry Task Force Recommendations – June 2014_Final

1

Energy Briefing Sheet:

Embodied Energy and Carbon

T

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:

Practical how-to guide:
Measuring Embodied Carbon on a Project

AF

and

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.

March 2013

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.

DR

Document title

Proposals for Standardised Measurement Method

Greenhouse Gas Accounting
and Reporting Guidance

a guide to understanding
the embodied impacts
of construction products

Energy Briefing Sheet:
Embodied Energy and Carbon

Industry Task Force Recommendations

Construction Scope 3 (Embodied)

Using alternative materials

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.

rics.org/blackbook

Range of carbon
savings

1.

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

1
Institution of Civil Engineers

GCB & CLC (2016); RICS (2014); UKGBC (2015); WRAP (2014); GLA(2013); Battle et al. (2014); ICE (2011); Clark (2013); CPA (2012) Slide 20 of 24

Upcoming guidance
Due out later this year
»» UKGBC ‘Embodied Carbon: Guidance for Clients’
guidance document and supporting information

DRAFT

»» Outputs of Innovate UK Implementing Whole
Life Carbon in Buildings project including RICS
Professional Statement
»» Springer book on ‘Embodied Carbon in Buildings’
»» and many more...
»» UKGBC guidance will be launched at Ecobuild City Hall
Session: Embodied Carbon – developing a client brief.
Tuesday, 7th March, 16:30 - 17:45
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Cross-industry collaboration is required
Securing additional drivers will require
»» Gathering more data on the link between cost & carbon
»» Sharing carbon data to facilitate benchmarking
»» Effectively expressing co-benefits (such as health and productivity gains)
»» Inserting better incentives in environmental assessment schemes (e.g. BREEAM)
»» Taking ownership of these issues within industry and within Government
»» Developing a range of appealing narratives
»» Co-ordinated advocacy for change
»» Proactive efforts to push information up the supply chain
»» Recognising the importance of individuals in each project and organisation
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Vast global potential
GHG emissions of construction sector supply chain by country
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»» Construction firms in these 14 countries alone influence 4.4 GtCO2e of
supply chain emissions
Based upon CIEMAP MRIO analysis using WIOD data for 40 countries plus ‘rest of world’

Slide 23 of 24

Summary
Achieving net zero CO2 later this century requires urgent action now
»» Current consumption of resources is unsustainable
»» The net zero emissions goal of the Paris Agreement 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 national mitigation targets
»» There is a growing body of guidance on measuring and mitigating the
embodied impacts of construction products
»» 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.
»» Delivering a healthy planet will require healthy building products
These slides are available from www.jannikgiesekam.co.uk/research
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