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CIEMAP

Our mission

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

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

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

Two key areas

» Modelling future material use and associated carbon emissions

» Understanding the barriers to greater material efficiency and the use of low
carbon materials
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CARBON INTENSITY TARGETS IN CONSTRUCTION

Jannik Giesekam', Danielle Densley-Tingley?, and John Barrett'

! Sustainability Research Institute, School of Earth and Environment, University of Leeds,
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2 Department of Civil and Structural Engineering, University of Sheffield G reen Co n stru cti on B oa rd Low Ca rbo n

Routemap for the Built Environment
2015 Routemap Progress | Technical Report

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

Progressive clients are targeting embodied carbon
reduction through the introduction of carbon intensity
targets (CITs). CITs challenge design teams to deliver
buildings with supply chain carbon emissions below a
set level per functional unit. Despite CITs acting as
catalysts for innovation, there are few drivers for their EMBODIED CARBON IN THE UK
use and substantial variations in their implementation. CONSTRUCTION INDUSTRY

There is also no means for ensuring consistency
between project CITs and national mitigation targets, construction supply chain have typically accounted for

nor a mechanism ﬂ.’r ratcheting up _ambmons as a quarter of total GHG emissions from the built i
anticipated by the Paris Agreement on climate change. e o oo e eI la i it 1

Over recent years, embodied carbon emissions in the

Giesekam et al. (2014, 2016a, 2016b, In Press); CCC (2015); GCB (2015) - all available at ciemap.ac.uk Slide 3 of 27



Paris Agreement on climate change

Global agreement in December 2015

» Came into force on 4th November 2016

A,y United Nations FCCCicrroisiorev.

e

‘C \\& Framework Convention on Distr.: Limited

4}/ Climate Change 12 December 2015
= s

a

N\

¢

» 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

Twenty-first session

Original: English

Paris, 30 November to 11 December 2015

increase to 1.5°C above pre-industrial levels”

Adoption of a protocol, another legal instrument, or an
agreed outcome with legal force under the Convention
applicable to all Parties

)) Goal Of aChieVing Ila balance bEtween anthropogenic ADOPTION OF THE PARIS AGREEMENT
emissions by sources and removals by sinks of

Draft decision -/CP.21

greenhouse gases in the second half of this century” T et

the Durban Platform for Enhanced Action,

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

[ L L
I () e () n et Ze ro e m I S S I o n S 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

. M : particular its goal 13, and the adoption of the Addis Ababa Action Agenda of the third
)) O I I I | I I I S pa r I e S O g O a S OC - a ‘ a n ra C e I n g 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
u p O a I I l I IOI l S eve ry yea rS 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,

» Recent COP 22 negotiations have provided further e
details of how this will be implemented e

United Nations (2015) Adoption of the Paris Agreement Slide 4 of 27



Global emissions trend
Latest projections suggest 2016 total will be similar to 2014

Dlata: CDIAC/GICP/BP/USGIS
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Global Carbon Project (2016) Carbon budget and trends 2016 - www.globalcarbonproject.org/carbonbudget Slide 5 of 27



Emissions scenarios to 2100

Current commitments likely to yield around 3°C increase

Data: CDIAQ/GCP/IPCC/FUSS et al 2014

S RCP8.5

100 - Scenario categories - [ 355 4°C
—— >1000 ppm CO-eq relative to 1850-1900
% 720-1000 ppm e
=) E, 801 580—720 ppm = i
@ o 480-580 ppm
‘_9 % 601 — 430—-480 ppm
5 = RCP6
= O 2016 Estimate 2.0-3.7°C
o £ 40-
S 8
%,
o Historical emissions 173250
0 RCP2.6
net-negative global emissions 0.9-2.3°C
_20 I I T T T
1980 2000 2020 2040 2060 2080 2100

Global Carbon Project (2016) Carbon budget and trends 2016 - www.globalcarbonproject.org/carbonbudget
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Current models for >66% chance of 2°C

Are heavily dependent on negative emissions technologies
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Current targets for the UK

Based on series of legally binding 5 year carbon budgets

1000 MtCO,e All targets are relative to baseline of territorial emissions in 1990

UK GHG emissions
s JK Carbon Budgets
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New UK goal is net zero emissions

Near the middle of this century

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

Committee on
Climate Change

UK climate action following the Paris Agreement

» CCC advise goal means UK must be net zero CO,

by 2055-2075 for >66% chance of achieving 2°C

October 2016

or before 2050 for 1.5°C

Quote from Andrea Leadsom — Minister of State for Energy - Hansard HC Deb vol 607 col 725 (14 March 2016) Slide 9 of 27
(CC(2016) UK climate action following the Paris Agreement



Achieving net zero in the UK
Will be extremely difficult

» Requires maximum deployment of all identified mitigation options
» Plus deployment of negative emissions technologies (up to max ~100 MtCO e/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)

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

Shipping
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(CC(2016) UK climate action following the Paris Agreement Slide 10 of 27



The implications for construction

Many assets under design now must operate in a net zero nation

Asset design life 5th Carbon Budget CCA UK net zero CO,
GHG 57% <1990 80% <1990 >66% chance of 2°C

20yr
30yr
40yr
50yr
60yr

Hinkley —
Point C

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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Construction 2025, Routemap and ICR

Reports set out required changes and target trajectory to 2050

» Include ambitious carbon reduction targets

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

Carbon Emissions in the UK Buit Envronrmenrt - —m38¥ — === %ﬁeaww
A 7 tion by 2050 Lower costs Faster delivery
‘ % HO%
33% 6
Lower Improvement Infrastructure Carbon Review

emissions in exports

reduction in greenhouse gas emissions reduction in the trade gap between total exports and
in the buit environment total imports for construction products and materials

J
‘&2 The global construction
market is forecast to grow
by over 70% by 2025.
Global Construction 2025;
Global Construction Perspectives an d Oxford
ccccccccc (July 2013)

HM Government (2013) Construction 2025; HM Treasury (2013) Infrastructure Carbon Review;
Green Construction Board (2013) Low Carbon Routemap for the UK Built Environment

Slide 12 of 27



Important considerations

Boundaries and objectives

» 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, Operational Carbon and Use
Carbon - 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

Baselines and methodologies
» Numerous means of dividing the data, 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 carbon varies widely between projects, the following slides
are an industry overview

Slide 13 of 27



The challenge

A snapshot of UK greenhouse gas emissions (MtCOe)

0 200 400 600 800 1000
UK territorial accounts (2012)
Energy Supply Transport Business Residential Agriculture I

Remaining emissions in CCC 2050 net zero scenario

Territorial basis 1

Consumption basis |

UK carbon footprint (2012)

Manufactured goods & Home heating & Electricit Transport Agriculture
construction private car travel y services & food
Infrastructure Carbon Review (2010)
Cap  Op (29%) Use (70%)
Energy I Energy Transport I
Transport Water Telecoms

Low Carbon Routemap for the Built Environment (2012)
Cap (22%) Op (78%)

. Non-
Domestic | yomestic
Infrastructure Infrastructure

» Priorities are energy and transport

» However long term targets require reductions everywhere, including CapCarb

UK’s carbon footprint published by DEFRA (1997-2013) based on CIEMAP data Slide 14 of 27



Progress so far

Routemap progress report produced in December 2015

» Progress to 2013 suggests we are not on trend to meet 2025 ambitions

» Capital carbon emissions have increased since 2013 Routemap report

250 MtCO.e
Historic emissions
Green Construction Board Low Carbon
200 . . L “ Routemap for the Built Environment
" A m PrOJeCted em|SS|OnS 2015 Routemap Progress | Technical Report
\
N
il S
150 ~..
LS
~
N
N5 -~
100 T -,
Routemap 80% reduction scenario
50
0
2005 2010 2015 2020 2025

* Projected emissions based upon analysis by presenter using reported OpCarb (including provisional statistics for 2015) and Slide 15 of 27
projected CapCarb (using reported financial value of output and extrapolating historic emissions intensity trend)



The trend

Built environment emissions 1990-2013
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Green Construction Board (2015) Low Carbon Routemap for the UK Built Environment. Routemap Progress Technical Report Slide 16 of 27



OpCarb & UseCarb in infrastructure

The bulk of emissions are related to energy and transport

OpCarb emissions (MtCO,e)

Energy (125.2)

0 30 60 90 120
Waste (19.3)
Water (4.9)
Communications (0.9)
Transport (0.4)
UseCarb emissions (MtCO,e)
0 50 100 150
Energy (176.7)

Transport (156.1)

Water (19.2)

Communications (6.3)

Distribution (% of OpCarb emissions)
0 20 40 60 80 100

" GasT&D
Electricity - thermal losses losses

Direct releases Transport
related

Home networks Data
transport

Street lighting on public roads

Distribution (% of UseCarb emissions)

0 20 40 60 80 100

: Electricity
Gas consumption consumption
I N A N A

Road Aviation  Shipping

End-user devices

Based on figures from Infrastructure Carbon Review

Slide 17 of 27



CapCarb in the built environment

Estimated carbon footprint of UK construction supply chains

Infrastructure
Materials
extraction, .
manufacturing Domestic
UK & production
Offices
Retail
Healthcare
EU I Construction
activities
China I
2 Other non-domestic
S Transport
£/ Rest of
World
heri ]
Other inputs Embodied
emissions of UK
Origin of Intermediate construction Final
emissions inputs output product

» Based on limited data

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

types
Education | % |nclusion of more asset
level data and sectoral

projections will improve
understanding

Based on 2011 data from Giesekam et al. (2014) Energy and Buildings 78 pp202-214
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Government Construction Strategy

For the current parliament

» One of the principal objectives is to “enable %
and drive whole-life approaches to cost and it
carbon reduction”

» Objective 3.6 is to “Develop data requirements
and benchmarks for measurement of whole-
life cost and whole-life carbon (embodied and
operational)”

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

» Ultimately forming “recommendations for a
future approach”

ernment Construction
Strategy 2016-20
March 2016

The Infrastructure and Projects Authority (2016) Government Construction Strategy 2016-2020 Slide 19 of 27



Guidance on carbon reduction

Array of recent industry publications

PAS 2080:2016

Ccarbon Management

in Infrastructure

The Green Construction Board

Construction
Leadership
Council

Embodied Carbon

Industry Task Force Recommendations
Proposals for Standardised Measurement Method
and

Recommendations for Zero Carbon Building Regulations
and Allowable Solutions

June 2014

Supported by

ARUP ATKINS |AECOM L'L‘\obrc

(et
g @
Sustainable Business
Partnership

SKANSKA

[
BULEIRY carbon profiling | Turley B TisHMAN SPEYER

Guidance
Document
for PAS 2080

S
ey
Comech

B

The world
specifical
managin

life carb
infrastru

Energy Briefing Sheet:
Embodied Energy and Carbon

ICE's Energy Expert Panel has published a series of status reports concemed 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 indirecty, with the delivery of a good or service’ (Cleveland & Morri,
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 crade-to-grave (Densley, Tingley & Davinson, 2011). The two following
defintions illustrate this more clearly:

Cradie-to-Site
A cradle-to-site study favours defining the embodied energy of individual buiding
components as the energy required to extract the raw materials, process them, assemble
them into usable products and transport then to site. This definition is useful when looking

scale of buiding ts and relates more to the “good” in Cleveland
& Morris's defintion as it neglects any maintenance or end o Ife costs. A cradie-ogate

model simply describes the energy required to produce the finished product without any
further considerations.

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

v pr the buiding. Itincludes the
anergy used fo the abelaction often rfered t as pimary energy,the processing and the
manufacture of the materials of the buiding as well as their transportation and assembly on
site,

Recurring embodied energy s the energy needed to refurbish and maintain the building over
its lfetime,

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

~ Material change for
W rOli) abetter environment

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?
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ings
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Tackling embodied
carbon in buildings

CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT

RICS QS & Construction Standards

RICS Professional Information, UK

M

ethodology to calculate

embodied carbon of materials

1t edition, information paper

RICS ‘ Eé:i%&uhwm rics.org/standards

COUNCIE \\\\\\\\\\\\“ ili ;/,/”/

guide

note, this

ey o updated at the and of Embodied Carbon Week

Background to BRE & UK Green Building Council

The UK Green Building Counci

Resource efficiency and reducing embodied carbon is rapidly becoming a key area of focus for industry. For

many the topic is complex, diffcult o navigate and unclear in terms of where 10 start with measurement and

reporti

ing.

For almost 20 years the Green Guide to Specifcation has provided a means for designers to compare the
embodied environmental impacts, inluding carbon, of buiding elements (e floors, roofs, walls). The Green

Guide

environmental product decarations) and responsible sourcing certification for construction

BRE,

15 are assessed in BREEAM schemes. In addition, BRE carries out EPD
products. Recently
jong with three other partners, launched IMPACT - whole building lfe cycle assessment for BIM.

is also how embodied

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 wil have a good foundation-evel understanding of how to measure
embodied carbon on a project.

Top t

ips before you get started:

Start early in the design process
Familarie yoursef with basics of e cycle assessment
Establish the commissioning client’s requirements and develop a goal and scope (e.g. carbon only or with
other indicators, cradle o gate or grave, compliance with standards e.9. EN 15978, options to appraise,
target setting, BREEAM, LEED etc. credits)

cide f you have the required skil to undertake the assessment, or if you need a speciaist consultant.
Identify a ool that will mprove the accuracy and efficiency of the assessment
Engage all of the design team members nto the process

1

WHAT COLOUR
is YOUR BUILDINGe?

‘ Dervid H. Cl

GREATERLONDONAUTHORITY LOND

SUSTAINABLE DEVELOPMENT
CoMMIssIO

Construction Scope 3 (Embodied)

Greenhouse Gas Accounting
and Reporting Guidance

March 2013

GCB & CLC(2016); WRAP (2014); RICS (2012); Clark (2013); Battle et al. (2014); ICE (2011); UKGBC (2015); GLA(2013)
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Progress in carbon assessment practice

Recent improvements but still much to be done

» 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. 3000+ EPDs) but still high
dependency upon generic data

» Many challenges still to be overcome, particularly in gathering accurate data on
site and improving carbon literacy

» Benchmark data are 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

Slide 21 of 27



Future scenarios

Infrastructure Carbon Review ‘best case’ reductions

Emissions (MtCO,e) in 2010 & 2050
0 50 100 150 200 250 300

Water
64% reduction

Waste

45% reduction

Transport

28% reduction

Energy
90% reduction

Comms
75% reduction

» Suggests infrastructure makes up 93% of total UK emissions in 2050
(by applying highest possible level of known measures in each sector)

HM Treasury (2013) Infrastructure Carbon Review Slide 22 of 27



National Needs Assessment

Sets out significant challenges ahead
» Projected population of 75 million by 2050

» Need 300,000 new homes per year for NATIONAL NEEDS
foreseeable future v o U B
» Traffic growth of up to 50% in some regions \ |
» High projected costs of flood risk management & & \
) g "\‘ 'y
» Total energy demand may increase from . Y, Y
900 to 1200 TWh/year R E
» Supporting ITRC analysis sets out carbon — L ,
implications for a range of scenarios Oy . /
Vs

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

)

Atkins, ICE & ITRC (2016) National Needs Assessment Slide 23 of 27




Scope for mitigation in infrastructure

CIEMAP assessment of embodied carbon in NIP for CCC
» High level assessment projected ~244 MtCO e associated with 2014 NIP

» Next step is to integrate embodied carbon into asset level demand projections

HM Treasury Infrastructure
and Projects
Authority
Reporting to HM Treasury and Cabinet Office

National Infrastructure
Plan 2014 National Infrastructure

W_,f, B Delivery Plan 2016-2021

25,

Assessment reported in CCC (2015) Meeting Carbon Budgets Report to Parliament Slide 24 of 27



Required reductions in CapCarb
Anticipated embodied emissions of UK construction 2001-2030

» 27 scenarios using UK Buildings and Infrastructure Embodied Carbon model

» Including improvements in grid intensity from DECC (2014)
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Giesekam et al. (In Press) Scenario analysis of embodied greenhouse gas emissions in UK construction Slide 25 of 27



Vast international scope

GHG emissions of construction sector supply chain by country
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» Construction firms in these 14 countries alone influence 4.4 GtCO,e of
supply chain emissions

Based upon CIEMAP MRIO analysis using WIOD data for 40 countries plus ‘rest of world’ Slide 26 of 27



Summary

Achieving net zero later this century requires urgent action now
» 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 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 CapCarb

» 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.

These slides are available from www.jannikgiesekam.co.uk/research Slide 27 of 27



