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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,

market acceptance, professional knowledge
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. 
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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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What is net zero construction for a project?

Embodied 
carbon Offsets



Residual 
emissions Removals

What is net zero for the UK?



UK greenhouse gas emissions & targets

Territorial emissions & carbon footprint from 2019 official statistics to 2018 and 2017 respectively.
Others from CCC (2019) Net Zero. The UK’s contribution to stopping global warming & 2020 Annual Progress Report to 

Parliament; DBEIS Energy and emissions projections and last Green Construction Board Low Carbon Routemap update (2017).
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CCC net zero scenario

Figure 6.5 from CCC (2019) Net Zero. The UK’s contribution to stopping global warming
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that the National Farmers’ Union has stated an ambition to achieve net-zero greenhouse gas 
emissions by 2040. 

In order to deliver removals sustainably and at lowest cost, it will be necessary to have a suitable 
governance framework and policy that enables their development and deployment. Policy will 
need to support development and deployment of removals, by providing financial incentives, 
CO₂ transport and storage infrastructure to enable deployment of BECCS and DACCS, and 
innovation support (see section 2(c)). 

Figure 6.5. Greenhouse gas removals required to balance positive emissions in 2050 

Source: CCC analysis. 
Notes: Sectoral emissions and contributions from removals presented for the Further Ambition scenario. The 
contribution from 'additional removals/abatement' refers to the options to go beyond the Further Ambition 
scenario and achieve net-zero emissions, which can be done with additional removals and/or further reductions 
of positive emissions (see Chapter 5). 

5. Implications for policy made in Scotland, Wales and Northern Ireland
Delivering extensive decarbonisation by 2050 in the UK will require a strong policy framework at 
both UK and devolved level. Scotland, Wales and Northern Ireland have (fully or partially) 
devolved powers in a number of areas relevant to emissions reduction. These vary by 
administration, but key areas include planning, demand-side transport measures, energy 
efficiency, agriculture, land use and waste (Box 6.5). 

Welsh, Scottish and Northern Irish policies are essential in the areas where powers are largely 
devolved: 

• Demand-side transport measures. Devolved administrations must implement effective
policies to provide low-carbon public transport and encourage active travel.

• Buildings energy efficiency. Meeting the earliest possible date for net-zero emissions will
require major improvements to the energy efficiency of new and existing buildings, in order
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Additional ‘speculative options’

Figure 5.7 from CCC (2019) Net Zero. The UK’s contribution to stopping global warming

Chapter 5: Reaching net-zero emissions in the UK   159 

such that up to around 56 MtCO2e further emissions savings could be available. A 
combination of these additional options could therefore fill the gap to reaching net-zero 
GHG emissions. 

• Synthetic fuels. These may be technically possible but will be thermodynamically and
economically challenging, requiring considerable energy inputs, and therefore likely to be
significantly more expensive than other Speculative options. One pathway to a net-zero
scenario in the UK would involve these challenges being overcome, with synthetic fuels
being scaled-up globally to reduce emissions from the remaining fossil fuel combusting
sectors to zero.

These scenarios highlight the challenge of delivering across all areas, including currently 
Speculative options, in order to reach net-zero GHG emissions by 2050. Developing a sufficient 
range of the Speculative options will also be important to provide a backup in case some other 
options fail to deliver fully and as a contingency given uncertainty in projections of future 
emissions (Box 5.5).  

Alternative ways of getting to net-zero emissions have been suggested (Box 5.6). Specifically, 
some scenarios rely on widespread use of synthetic fuels to decarbonise some sectors (e.g. 
aviation). Such a strategy may be feasible but is likely to make it harder and more costly to get to 
net-zero GHG emissions overall, given the additional inefficiencies and costs. 

Figure 5.7. Additional abatement potential from Speculative options in 2050 

Source: CCC analysis. 
Notes: Shaded area reflects range for additional emissions reductions required beyond the Further Ambition 
scenario to get to net-zero emissions in 2050 (i.e. 33-45 MtCO2e). AR5 GWPs area reflects that emissions and 
emission savings would be higher with higher GWPs, consistent with the upper end of the shaded area. 
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Current status of BECCS

Picture of ongoing C-Capture full pilot demonstration at Drax, capturing ~1tCO2/day
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Potential role for construction in removals

see CCC (2018) Biomass in a low carbon economy - and associated evidence base
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CCC current position

CCC (2020) Progress Report to Parliament

Reducing UK emissions 
Progress Report to Parliament 

June 2020

Specific recommendation for MHCLG in 2020 to:

“Develop plans to rapidly scale up the levels of wood 
used in construction and support the assessment and 
benchmarking of whole-life carbon in buildings.”



Report to the BRE Trust in 2014 ‘Linking construction embodied carbon assessment to 
the UK carbon budget – from the top-down’ 
proposed year-on-year construction carbon budgets, followed by economic allocation of 
construction carbon budget to building types, these type budgets were then translated to 
/m2 project targets using quantities of annual construction work

Heathrow White Paper in 2020 ‘Setting a Capital Carbon reduction target. An evidence-
based approach for major infrastructure projects’
proposed approach for pop-up infrastructure clients using combination of top-down link 
to UK targets and bottom-up estimate of mitigation potential

and my academic papers...

Some past attempts at top-down targets



Icons from the Noun Project (Andrei Yushchenko, Tom Walsh, Vectors Point & Randomhero)

Global National Sectoral Project

Top down allocation of budgets



see CCC (2019) Net Zero. The UK’s contribution to stopping global warming

Global National Sectoral Project

Global to national is already covered



Global National Sectoral Project

National to sectoral



Global National Sectoral Project

Sectoral to project



Doesn’t the Science Based Targets initiative do this already?



Ostensibly
Green  Plc

see https://sciencebasedtargets.org/resources/

Global Sectoral Company

What SBTi do...

In most cases, alignment 
with          scenarios e.g. B2DS



IEA pathways are not consistent with national/sectoral goals

Figure adapted from Giesekam et al. (2018) Aligning carbon targets for 
construction with (inter)national climate change mitigation commitments 
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Launched in September 2019, includes:

• Development of net zero carbon pathways by 
end of 2020 for new & existing buildings including 
embodied carbon of development, refurbishment 
and fit-out works 

• Annual disclosure of progress against pathways

The 23 signatories have >£300bn of real estate assets 
& >11,000 properties under management

BBP Climate Change Commitment

more info at www.betterbuildingspartnership.co.uk/member-climate-change-commitment
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Previous proposals for a new roadmap that:

1. Includes carbon removal 

2. Development of a new scenario for the built 
environment in 2050 which is compatible with 
net zero national emissions

3. Program for further routine updates  

and more...

Should facilitate national, company & project 
carbon targets and pathway alignment

Presentation at ICE in 2019 - slides available at: 
www.jannikgiesekam.co.uk/research/presentations/Presentation_271119.pdf

A net-zero roadmap

Potential funders please get in touch J.Giesekam@leeds.ac.uk

27/11/2019

Dr Jannik Giesekam

Research Fellow in Industrial Climate Policy

University of Leeds

We need a net-zero built 
environment roadmap

slides available from www.jannikgiesekam.co.uk



Scope and compile brief for project which might include:

1. Definition of sectoral boundary

2. Estimate of sectoral mitigation potential

3. Estimate of sectoral negative emissions potential

4. Replicable means of allocation of sectoral budget

5. Replicable means of allocation of project budgets

6. Suggested programme for updates

7. List of known issues/questions (e.g. how would targets be assigned for adaptive re-use/retrofit projects?)

8. and ...[insert all of your great ideas]

How we fill the gaps



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

slides available from www.jannikgiesekam.co.uk 


