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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.

Briefing: Embodied carbon dioxide

assessment in buildings: guidance and gaps

Jannik Giesekam PhD

Research Fellow in Energy, Materials and Climate Policy, Sustainability Research

Institute, School of Earth and Environment, University of Leeds, Leeds, UK

(corresponding author: j.giesekam@leeds.ac.uk) (Orcid:0000-0003-2915-1323)

Francesco Pomponi PhD

Vice Chancellor’s Research Fellow, Institute for Sustainable Construction,

School of Engineering and the Built Environment, Edinburgh Napier

University, Edinburgh, UK (Orcid:0000-0003-3132-2523)

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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Publications from CIE-MAP

Reducing carbon in construction: a whole life approach
The UK construction sector is failing to meet its carbon reduction targets and needs to explore additional mitigation options. 
The carbon emissions from heating and lighting our buildings (operational emissions) have been falling but these are not 
the only emissions arising from the built environment. Sizeable carbon emissions are incurred in constructing, maintaining 
and demolishing an asset and producing the materials and components used throughout its life cycle (embodied emissions). 
Considering both the anticipated operational and embodied emissions of a built asset is considered a whole life approach. 
To date the construction industry has mainly focussed on reducing operational emissions, driven by changes in the building 
regulations and planning requirements. Extending the focus of project carbon assessments and targets from operational 
to whole life emissions presents designers, clients and contractors with a broader range of mitigation options. The faster 
proliferation of a whole life approach should be supported by national and local policies for which there are a number of 
international precedents. Targeted intervention from national and local government could drive innovation in design teams 
and supply chains, improve sector productivity, reduce the costs of UK buildings and infrastructure, create employment 
opportunities, boost export markets and deliver immediate reductions in carbon emissions.

Recommendations
1. The Government should establish a well resourced independent body to develop and accelerate the construction 

sector’s decarbonisation agenda.

2. Local authorities should require assessment of whole life carbon emissions on signi� cant schemes as part of the 
planning process. 

3. All publicly funded building projects should include a whole life carbon assessment and whole life carbon targets 
where project benchmarks can be established.

4. The greenhouse gas emission reporting requirements for quoted companies should be extended to include scope 3 
emissions associated with developing new facilities.

5. Product manufacturers should require Environmental Product Declarations to support environmental claims.

Challenges facing UK construction
The National Infrastructure Commission has highlighted three 
key challenges facing the construction sector: congestion, 
capacity and carbon1. By 2050 there are expected to be an 
extra 14 million people living in the UK and the construction 
sector must deliver the housing and infrastructure that will 
underpin their future prosperity. That requires dramatically 
increasing housebuilding, retro� tting one existing home 
every minute, and delivering an infrastructure pipeline worth 
in excess of £600bn. UK � rms are also expected to capture 
an increasing share of the global market for sustainable 
construction and be at the forefront of delivering the 
Government's Clean Growth ambitions2. Meanwhile by 2025 
the industry is expected to halve delivery time, cut costs by 
a third, halve the trade gap between exports and imports of 
construction products, and halve carbon emissions from the 

built environment3. All of this must be achieved by a highly 
fragmented sector with low � nancial margins and declining 
labour availability4. None of these targets will be met under 
business as usual conditions4,8. Therefore the construction 
sector must undergo a radical transformation over the next 
decade. 
The Government has already set out some measures to 
transform infrastructure performance5, and modernise the 
industry through the Construction Sector Deal as part of 
the Industrial Strategy6. This transformation must focus 
on reducing carbon whilst improving sector productivity 
through the adoption of more resource e�  cient designs, 
novel materials and delivery models. The successful 
transformation of this industry will be critical to achieving 
the Government's target of doubling resource productivity 
over the next 25 years7 and meeting carbon targets.

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

All available at ciemap.ac.uk



Also involved in wide range of projects outside academia

GCB (2015); IFC (2019); UKGBC (2017); RICS (2017)
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Climate emergency

Image CC from Roy on flickr.com/photos/thehutch/40423766093/: 

In May 2019 the UK Government declared a climate 
emergency & subsequently set a target of net zero 
greenhouse gas emissions by 2050

Similar declarations from devolved administrations 
in Wales & Scotland

Plus majority of UK principal local authorities

Many local commitments to more ambitious 
targets e.g. net zero by 2030

Some political parties have also passed internal 
motions advocating for an earlier target date        
e.g. Green Party 2030, Labour 2030 & Liberal 
Democrats 2045



UK greenhouse gas emissions & targets

Territorial emissions from official statistics to 2017, carbon footprint to 2016
Residual from CCC (2019) Net Zero. The UK’s contribution to stopping global warming
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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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One vision for a net zero economy

CCC (2019) plus visualisation from presentation by Chris Stark (CCC Chief Executive)

Net Zero  
The UK's contribution to
stopping global warming
Committee on Climate Change
May 2019

@ChiefExecCCC 22

H2 H2H2H2 H2H2

Energy supply Energy use Land

CO2 storage

H2H2H2 H2H2

How UK net-zero scenarios can be delivered 



A plan’s a plan for a’ that

HM Government (2017a,b, 2018,2019)

25 Year Environment Plan 

1 

A Green Future: Our 25 Year Plan to  

Improve the Environment 
 

  

Industrial 
Strategy
Building a Britain fit for the future 
November 2017 

The Clean 
Growth Strategy
Leading the way to  
a low carbon future

OUR WASTE, OUR RESOURCES: A STRATEGY FOR ENGLAND   1
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Progress so far

CCC (2019) Progress report to Parliament

Reducing UK emissions
2019 Progress Report to Parliament

Committee on Climate Change
July 2019

Committee on Climate Change
7 Holbein Place
London
SW1W 8NR

www.theccc.org.uk 

 @theCCCuk

2019 Report to Parliam
ent – Com

m
ittee on Clim

ate Change

In 2018 only 7 of 24 indicators on track

“The Government’s own projections demonstrate that 
its policies and plans are insufficient to meet the fourth 
or fifth carbon budgets... This policy gap has widened 
in the last year”

“Last year, the Committee set out 25 headline policy 
actions for the year ahead...only one has been delivered 
in full. Ten of the required actions have not shown even 
partial progress.”

“reaching net-zero requires an annual rate of emissions 
reduction...30% higher than achieved on average since 
1990”
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www.creds.ac.uk

Centre for Research into Energy Demand Solutions (CREDS)

New multi-disciplinary centre, funded by EPSRC and ESRC - £19m over 5 years.



Vision to make the UK a leader in understanding the 
changes in energy demand needed for the transition 
to a secure and affordable, low carbon energy system

For updates

Twitter @CREDS_UK

Newsletter, blogs & more at creds.ac.uk

Centre overview
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- each representing a theme in the 
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Breakdown of contributions to global net CO2 emissions in four illustrative model pathways 

P1:  A scenario in which social, 
business, and technological 
innovations result in lower energy 
demand up to 2050 while living 
standards rise, especially in the global 
South. A down-sized energy system 
enables rapid decarbonisation of 
energy supply. Afforestation is the only 
CDR option considered; neither fossil 
fuels with CCS nor BECCS are used.

P2:  A scenario with a broad focus on 
sustainability including energy 
intensity, human development, 
economic convergence and 
international cooperation, as well as 
shifts towards sustainable and healthy 
consumption patterns, low-carbon 
technology innovation, and 
well-managed land systems with 
limited societal acceptability for BECCS.

P3:  A middle-of-the-road scenario in
which societal as well as technological 
development follows historical 
patterns. Emissions reductions are 
mainly achieved by changing the way in 
which energy and products are 
produced, and to a lesser degree by 
reductions in demand.

P4:  A resource and energy-intensive 
scenario in which economic growth and 
globalization lead to widespread 
adoption of greenhouse-gas intensive 
lifestyles, including high demand for 
transportation fuels and livestock 
products. Emissions reductions are 
mainly achieved through technological 
means, making strong use of CDR 
through the deployment of BECCS.

Fossil fuel and industry AFOLU BECCS

-20

0

20

40

2020 2060 2100
-20

0

20

40

2020 2060 2100
-20

0

20

40

2020 2060 2100

-20

0

20

40

2020 2060 2100

No or low overshoot

-58

-93

-50

-82

-15

-32

60

77

-78

-97

-37

-87

-25

-74

59

150

-11

-16

430

832

0

0

22

-24

-33

5

6

Pathway classification

CO2 emission change in 2030 (% rel to 2010)

               in 2050 (% rel to 2010)

Kyoto-GHG emissions* in 2030 (% rel to 2010)  

               in 2050 (% rel to 2010) 

Final energy demand** in 2030 (% rel to 2010) 

               in 2050 (% rel to 2010)

Renewable share in electricity in 2030 (%)

               in 2050 (%)

Primary energy from coal in 2030 (% rel to 2010)

               in 2050 (% rel to 2010)

     from oil in 2030  (% rel to 2010)

                in 2050  (% rel to 2010)

     from gas in 2030  (% rel to 2010)

                in 2050  (% rel to 2010)

     from nuclear in 2030  (% rel to 2010)

                in 2050  (% rel to 2010)

     from biomass in 2030  (% rel to 2010)

                in 2050  (% rel to 2010) 

     from non-biomass renewables in 2030  (% rel to 2010)

                in 2050  (% rel to 2010)

Cumulative CCS until 2100 (GtCO2)

               of which BECCS (GtCO2)

Land area of bioenergy crops in 2050 (million hectare)

Agricultural CH4 emissions in 2030 (% rel to 2010)

                in 2050  (% rel to 2010)

Agricultural N2O emissions in 2030 (% rel to 2010)

                in 2050  (% rel to 2010)

 

No or low overshoot

-47

-95

-49

-89

-5

2

58

81

-61

-77

-13

-50

-20

-53

83

98

0

49

470

1327

348

151

93

-48

-69

-26

-26

No or low overshoot

-41

-91

-35

-78

17

21

48

63

-75

-73

-3

-81

33

21

98

501

36

121

315

878

687

414

283

1

-23

15

0

High overshoot

4

-97

-2

-80

39

44

25

70

-59

-97

86

-32

37

-48

106

468

-1

418

110

1137

1218

1191

724

14

2

3

39

No or low overshoot

(-59,-40)

(-104,-91)

(-55,-38)

(-93,-81)

(-12, 7)

(-11, 22)

(47, 65)

(69, 87)

(-78, -59) 

(-95, -74)

(-34,3)

(-78,-31)

(-26,21)

(-56,6)

(44,102)

(91,190)

(29,80)

(123,261)

(243,438)

(575,1300)

(550, 1017)

(364, 662)

(151, 320)

(-30,-11)

(-46,-23)

(-21,4)

(-26,1)

Characteristics of four illustrative model pathways
Different mitigation strategies can achieve the net emissions reductions that would be required to follow a 
pathway that limit global warming to 1.5°C with no or limited overshoot. All pathways use Carbon Dioxide 
Removal (CDR), but the amount varies across pathways, as do the relative contributions of Bioenergy with 
Carbon Capture and Storage (BECCS) and removals in the Agriculture, Forestry and Other Land Use (AFOLU) 
sector. This has implications for the emissions and several other pathway characteristics.

P1 P2 P3 P4

P1 P2 P3 P4 Interquartile range

Billion tonnes CO₂ per year (GtCO2/yr)

Global indicators

Billion tonnes CO₂ per year (GtCO2/yr) Billion tonnes CO₂ per year (GtCO2/yr) Billion tonnes CO₂ per year (GtCO2/yr)

NOTE: Indicators have been selected to show global trends identified by the Chapter 2 assessment. 
National and sectoral characteristics can differ substantially from the global trends shown above.

* Kyoto-gas emissions are based on SAR GWP-100
** Changes in energy demand are associated with improvements in energy 
efficiency and behaviour change
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Emissions of non-CO2 forcers are also reduced 
or limited in pathways limiting global warming 
to 1.5°C with no or limited overshoot, but 
they do not reach zero globally. 
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Global emissions pathway characteristics
General characteristics of the evolution of anthropogenic net emissions of CO2, and total emissions of 
methane, black carbon, and nitrous oxide in model pathways that limit global warming to 1.5°C with no or 
limited overshoot. Net emissions are defined as anthropogenic emissions reduced by anthropogenic 
removals. Reductions in net emissions can be achieved through different portfolios of mitigation measures 
illustrated in Figure SPM3B.
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Four illustrative model pathways

In pathways limiting global warming to 1.5°C 
with no or limited overshoot as well as in 
pathways with a high overshoot, CO2 emissions 
are reduced to net zero globally around 2050.

P1
P2

P3

P4

Pathways with high overshoot
Pathways limiting global warming below 2°C
(Not shown above) 

Pathways limiting global warming to 1.5°C with no or low overshootTiming of net zero CO2
Line widths depict the 5-95th 
percentile and the 25-75th 
percentile of scenarios
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Figure SPM.3a: Global emissions pathway characteristics. The main panel shows global net anthropogenic CO2 
emissions in pathways limiting global warming to 1.5°C with no or limited (less than 0.1°C) overshoot and 
pathways with higher overshoot. The shaded area shows the full range for pathways analysed in this report. The 
panels on the right show non-CO2 emissions ranges for three compounds with large historical forcing and a 
substantial portion of emissions coming from sources distinct from those central to CO2 mitigation. Shaded areas 
in these panels show the 5–95% (light shading) and interquartile (dark shading) ranges of pathways limiting 
global warming to 1.5°C with no or limited overshoot. Box and whiskers at the bottom of the figure show the 
timing of pathways reaching global net zero CO2 emission levels, and a comparison with pathways limiting 
global warming to 2°C with at least 66% probability. Four illustrative model pathways are highlighted in the 
main panel and are labelled P1, P2, P3 and P4, corresponding to the LED, S1, S2, and S5 pathways assessed in 
Chapter 2. Descriptions and characteristics of these pathways are available in Figure SPM3b. {2.1, 2.2, 2.3, 
Figure 2.5, Figure 2.10, Figure 2.11}

Low energy demand transition for the UK

IPCC (2018) Global Warming of 1.5°C



UK energy demand
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sometimes similar but mostly diverging 
policy conclusions, as analysed for the case 
of transportation19.

We argue that a focus on human needs 
is particularly suited for developing 
countries, where demand is increasing 
quickly but where poverty eradication 
remains a central issue20 and is closely 
associated with providing decent housing 
and services (for instance, electricity for 
light and cooking)21. It remains relevant 
in the context of deepening inequality and 
energy poverty in developed economies22. In 
developed countries, or places with higher 
income structure, a human-needs approach 
gains different connotations, possibly 
supporting the transition to more equitable 
consumption and higher well-being. 
Together, a focus on services rather than 
products enables the identification  
of wider mitigation options, but also the 
direct evaluation of well-being impacts  
and outcomes.

Climate mitigation pathways
This brings us to the sixth question: 
how does the demand side contribute to 

limiting global warming? How do demand 
solutions interact with the supply system 
(Fig. 1e)? Even the best of individual 
policies and measures will be relevant to 
climate change mitigation only within a 
coordinated framework of action. Sketched 
approaches such as transition theory, study 
of behavioural tipping points and social 
norms, and political economy insights into 
policy sequencing have the potential for 
laying out short-term and action-oriented 
mitigation pathways. Such approaches, 
together with bottom-up assessments from 
technological studies, can be soft-coupled 
and combined with integrated assessment 
models (IAMs) and similar economic 
models that assess system-wide potentials, 
reflecting the interaction between sectors, 
and mitigation options. With more 
consistent and systematic modelling 
efforts, an increased role for demand-
side mitigation opportunities might also 
become available in the quantitative 
assessments, potentially replacing part 
of the need for more controversial 
mitigation technologies. Modelling and 
other assessment studies can also clarify 

the timescales over which actions and 
mitigations play out — an increasingly 
urgent requirement as time runs short to 
reduce atmospheric CO2 concentration 
below levels consistent with less than  
2 °C warming.

Sustainable development
Our seventh and last assessment question 
is: what are the synergies and trade-offs 
between demand-side solutions and 
sustainable development (Fig. 1f)? It is 
important to evaluate normatively the well-
being implications of demand-side climate 
action. The United Nations’ Sustainable 
Development Goals (SDGs) have at their 
heart an integrated vision of the prerequisites 
for human well-being, and they go beyond 
climate action (SDG 13) alone. For example, 
providing low-or-zero-carbon and resource 
efficient services equates with responsible 
consumption and production (SDG 12). 
But other SDGs are also directly implicated. 
Providing safe and sufficient nutrition 
tackles the zero-hunger goal (SDG 2) 
and good health and well-being (SDG 3); 
electricity services for light, cooking and 
others are key for the affordable and clean 
energy goal (SDG 7); and providing mobility 
and accessibility services is closely related to 
achieving sustainable cities and communities 
(SDG 11). The linkage between sustainable 
development and climate change is also 
articulated in the ‘nationally determined’ 
language of the Paris Agreement, which 
promotes climate mitigation that coincides 
with nationally determined development 
outcomes. A demand-side assessment 
should also be able to inform sustainable 
development pathways.

The ambition of AR6 to fill crucial 
evidence gaps on the demand side is critical, 

Box 1 | The avoid–shift–improve framework

The avoid–shift–improve approach 
originated in the early 1990s in Germany 
to structure policy measures that reduce 
the environmental impact of transport; it 
was then taken up by international non-
governmental organizations to address 
rapid motorization in developing countries 
in the 2000s, and was endorsed by Asian 
and Latin American countries in the 
2013 Bogota Declaration on Sustainable 

Transport23. According to this approach, 
policies to limit GHG emissions in 
the transport sector need to consist of 
measures aimed at avoiding the need to 
travel, for example by improved urban 
planning, or teleworking; shifting  
travel to the lowest-carbon mode, such  
as cycling; and improving vehicles to be 
more energy-efficient and fuels to be less 
carbon-intensive.

Table 1 | Illustrative ‘avoid–shift–improve’ options in different sectors and services

Service avoid Shift Improve

Transport Accessibility  
Mobility

Integrate transport and land-use planning  
Smart logistics  
Teleworking  
Compact cities

Mode shift from car to 
cycling, walking, or public 
transit

Electric two-, three- and  
four-wheelers  
Eco-driving  
Electric vehicles  
Smaller, light weight vehicles

Buildings Shelter Passive house or retrofit (avoiding 
demand for heating/cooling)  
Change temperature set-points

Heat pumps, district heating 
and cooling  
Combined heat and power 
Invertor air conditioning

Condensing boilers  
Incremental insulation options  
Energy-efficient appliances

Manufactured 
products and 
services

Clothing  
Appliances

Long-lasting fabric, appliances,  
sharing economy  
Eco-industrial parks, circular economy

Shift to recycled materials, 
low-carbon materials for 
buildings and infrastructure

Use of low-carbon fabrics  
New manufacturing processes 
and equipment use

Food Nutrition Calories in line with daily needs  
Food waste reduction

Shift from ruminant meat to 
other protein sources where 
appropriate

Reuse food waste  
Smaller, efficient fridges  
Healthy fresh food to replace 
processed food

Many options, such as urban form and infrastructures, are systemic and influence several sectors simultaneously.

Nature ClImate ChaNge | VOL 8 | APRIL 2018 | 260–271 | www.nature.com/natureclimatechange

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Improve, shift, avoid

Creutzig et al. (2018) Towards demand-side solutions for mitigating climate change
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CREDS (2019) Shifting the focus: energy demand in a net-zero carbon UK



Shifting the focus: energy demand in 
a net-zero carbon UK

July 2019

Editors: Nick Eyre & Gavin Killip

Roadmaps for the UK steel and cement sector

Role of the industrial strategy in driving energy 
demand

Measures to reduce household consumption to 
deliver energy demand reduction

Examples of work from our theme

see www.creds.ac.uk/materials-products/



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

Trialling new approaches, conducting a city scale 
assessment of impacts and proposing amendments 
to participants’ construction standards and the local 
sustainable construction SPD

Leeds Embodied Carbon Living Lab

email J.Giesekam@leeds.ac.uk if you would like to collaborate 
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Economic significance: ~9% of GDP, ~3.1 million jobs, turnover ~£370bn & exports ~£8bn

Long standing challenges: low productivity; ageing workforce (32% over 50); low R&D 
expenditure (~0.9% of UK business total); avoidable errors are 10-25% of project costs

Short term challenges: tight margins; skills shortage; labour availability post-Brexit; 
response to Grenfell Tower tragedy; new work declining substantially over last 6 months

Trends: quality & performance; health & wellbeing; modern methods of construction

UK construction sector



Buildings account for ~40% of UK energy 
consumption (inc. ~2/3 of electricity)

Most of 2050 stock has already been built

In 2015, 15% of population lived in a dwelling with a 
leaking roof, damp walls, floors or foundation, or rot 
in window frames or floor

Spending ~£50bn/yr on repair & maintenance 
already; need to retrofit 1.5 homes/min to 2050

High levels of new build anticipated due to rising 
population; >£600bn infrastructure pipeline; 
addressing housing crisis requires ~300,000 new 
homes each year; dramatic growth in cities such as 
Manchester 

For statistical summary see:
The state of sustainability in the UK built environment
www.ukgbc.org/ukgbc-work/state-sustainability-built-environment/

UK built environment



Headline targets established in 2013 and subsumed into subsequent strategies

Targets for 2025
 exeCutIve SuMMAry | CONSTRUCTION 2025 5

Our vision  
for 2025

The BriTish-designed reichsTag 
uses reflecTed lighT To significanTly 
cuT energy consumpTion. 
for world-leading susTainaBle 
archiTecTure, choose The uK

The Reichstag, Berlin
Foster + Partners Architects

ukti.gov.uk/greatbritain
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•    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

Construction 2025  

July 2013

Industrial Strategy: government and industry in partnership

HM Government (2013) Construction 2025



Through Industrial Strategy Challenge Fund up 
to £170m R&D investment, matched by £250m 
from industry, in new construction processes 
and techniques

Established a Construction Innovation Hub; the 
Active Building Centre and N+ network

Brought together many existing players such as 
BRE, Centre for Digital Built Britain etc.

Also related industrial decarbonisation challenge 
focused on decarbonising industrial clusters

Transforming construction challenge

More info at www.ukri.org/innovation/industrial-strategy-challenge-fund/

Industrial 
Strategy
Building a Britain fit for the future 
November 2017 



Tasked with leading transformation and focussed on digital, manufacturing and whole 
life performance

Construction Leadership Council

CLC workstreams and structure

Skills for the 
Future

Mark Reynolds
Mace

Innovation in Buildings

Mike Chaldecott
St Gobain

Industry Innovation

Procuring for Value

Ann Bentley
Rider Levett Bucknall

Transforming Construction 
Programme

Sam Stacey

Transforming Construction 
Network Plus

Jacqui Glass

Construction Leadership Council Board

Fair Practice

Andy Mitchell
Thames Tideway

Fergus Harradence
BEIS

Green Construction (Sustainability), 
Building Safety (i.e Hackitt), Exports

33%
Lower Costs

50%
Faster 

Delivery

50%
Lower 

Emissions

50%
Improvement 

in Exports

N+

i
Graphic overview of CLC activities taken from Andy Mitchell presentation at UK Construction Week



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

Mission to halve the energy use of new 
buildings by 2030

In July 2019 the Government also appointed the 
champion for a ‘Built environment sector deal’

Construction Sector Deal

Industrial 
Strategy
Construction Sector Deal

HM Government (2018) Industrial Strategy Construction Sector Deal



As highlighted by GCB with 15 example buildings from 2004-2017 (all kWh/m2/yr)

Halving energy consumption is already possible

Buildings Energy Mission 2030 (New Buildings)  |  Background Report to Green Construction Board Taskgroup  
 
 

 

 

 
In order to find these case studies of buildings which are currently using at least 
50% less energy than their peers, we undertook research using the Display Energy 
Certificate (DEC) database (Landmark Register), CIBSE Building Performance 
awards, Passivhaus database, Low Energy Buildings database, CarbonBuzz, 
BREEAM case studies and awards, Innovate UK Building Performance Evaluation 
programme, other industry publications and data submitted by individuals, as well 
as a selective search of buildings occupied by organisations with environmental 
credentials e.g. WWF, National Energy Foundation, Environment Agency.  
 
This search has highlighted the limited amount of reliable, publicly available 
data on actual energy use in buildings. This is very much an issue in itself. 
Significantly improving the approach to building energy data disclosure and 
analysis is therefore urgently required. It is also an area of potential for digital 
innovation. 
 
In order for the reduction of energy use by 50% across all buildings by 2030, 
significant work is also required to support and incentivise the building industry. 
Potential further work is therefore identified at the end of each of the 
recommendations. 
 
In summary: 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. 
Contractual 
energy 
performance 
targets 

2. 
Prediction of 
future energy 
use (kWh/m2) 

3. 
Optimisation of 
form to reduce 
energy use and 
capital costs 

4. 
”Fabric first” 
approach 

5. 
Opening 
windows and 
MVHR 

6. 
Consideration 
of all energy 
uses 

7. 
Quality 
assurance for 
construction / 
commissioning 

8. 
Aftercare to 
deliver low 
energy use 

50% 
reduction in 
energy use 

Green Construction Board (2019) Buildings Mission 2030



Focus is exclusively on operational carbon and energy

Number of high profile failures (e.g. Green Deal) and 
cancellations (e.g. Zero Carbon Homes) in recent years

Currently consulting on upcoming Future Homes Standard 
and revisions to Part L; also tightening non-domestic 
private rented sector Minimum Energy Efficiency Standards

Widely acknowledged gap between current policies and 
the net zero target

Policy
   
 

October 2019 
Ministry of Housing, Communities and Local Government 

  
 

 

The Future Homes Standard 
2019 Consultation on changes to Part L (conservation 
of fuel and power) and Part F (ventilation) of the 
Building Regulations for new dwellings 
 
 

 

October 2019 

THE NON-DOMESTIC 
PRIVATE RENTED 
SECTOR MINIMUM 
ENERGY EFFICIENCY 
STANDARDS 
The Future Trajectory to 2030 

Closing date: 07 January 2020 
 

more info at www.gov.uk/government/consultations/



Will voluntary action fill the gap? Unlikely...

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

Figure 5 shows the scale and the timeframes of the 
operational, capital and whole life carbon targets that 
have been set by the surveyed clients, alongside other 
publicly available carbon targets from other clients and 
projects.

Most of the targets are set to be achieved by 
the year 2020. This ‘cliff edge’ shows that short-
term rather than long-term targets are being set, 
despite the requirement for an 80% reduction in UK 
emissions by 2050.

Some clients are setting qualitative targets that focus 
on minimising carbon footprints and using tools 
to minimise carbon, for example collecting more 
accurate carbon data on all projects, in order to set 
targets in the future.

Of those clients interviewed, the majority have been 
setting carbon targets for more than five years, which 
suggests it is a well-established process. Further, 
most organisations are using their own datasets 
as baselines, which indicates a level of maturity in 
addressing their emissions.

1990 2050 2000 2010 2020 2040 2030 
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Year by which
the target needs to

be achieved

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

Carbon reduction targets of selected infrastructure clients



Since May 2019:

Architects Declare: 715 practices

Building Services Engineers: 63 practices

Civil Engineers: 62 practices

Structural Engineers: 120 practices

Architecture Education Declares: 2075 signatories

Range of commitments such as to: “include life 
cycle costing, whole life carbon modelling and post 
occupancy evaluation as part of the basic scope 
of work, to reduce both embodied and operational 
resource use”; and to “accelerate the shift to low 
embodied carbon materials in all work”.

Construction Declares

number of signatories accurate as of 04/11/19



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

•	 Development of guidance for property owners that 
ensures consistency 

•	 Development of climate change resilience 
strategies by 2022

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



Launched in October 2019, includes:

1. Reduce operational energy demand by at least 75%, 
before UK offsetting

2. Reduce embodied carbon by at least 50-70%, before 
UK offsetting

3. Reduce potable water use by at least 40%

4. Achieve all core health and wellbeing targets

RIBA 2030 climate challenge

RIBA (2019) 2030 Climate Challenge

RIBA 2030 Climate Challenge 1

Sign up to take the RIBA
2030 Climate Challenge at
www.architecture.com/2030challenge

R I B A 
2 0 3 0
C L I M AT E
C H A L L E N G E

RIBA 2030 Climate Challenge 3

RIBA 2030 Climate Challenge target metrics for all buildings

Best Practice 
Health Metrics References
Overheating 25-28 °C maximum for 1% of occupied hours CIBCE TM52, CIBSE TM59

Daylighting > 2% av. daylight factor, 0.4 uniformity CIBSE LG10

CO2 levels < 900 ppm CIBSE TM40

Total VOCs < 0.3 mg/m3) Approved Document F

Formaldehyde < 0.1 mg/m3) BREEAM

RIBA 2030 Climate Challenge Targets

5 Further guidance can be found in the RIBA Sustainable Outcomes Guide (November 2019) 
6 Buildings Mission 2030: Background Report to Recommendations from the Green Construction Board in response to the 2030 Buildings Mission (2019)

RIBA 2030 Climate Challenge target metrics for non-domestic buildings
RIBA Sustainable 
Outcome Metrics

Current 
Benchmarks 2020 Targets 2025 Targets 2030 Targets Notes

Operational Energy
kWh/m2/y

225 kWh/m2/y
DEC D rated
(CIBSE TM46 
benchmark)

< 170 kWh/m2/y
DEC C rating

< 110 kWh/m2/y
DEC B rating

< 0 to 55 kWh/m2/y
DEC A rating

UKGBC Net Zero Framework
1. Fabric First
2. Efficient services, and low-
carbon heat
3. Maximise onsite renewables
4. Minimum offsetting using
UK schemes (CCC)

Embodied Carbon
kgCO2e/m2

1100 kgCO2e/m2

(M4i benchmark)
< 800 kgCO2e/m2 < 650 kgCO2e/m2 < 500 kgCO₂e/m2 RICS Whole Life Carbon (A-C)

1. Whole Life Carbon Analysis
2. Using circular economy
Strategies 
3. Minimum offsetting using
UK schemes (CCC)

Potable Water Use
Litres/person/day

>16 l/p/day
(CIRA W11 
benchmark)

< 16 l/p/day < 13 l/p/day < 10 l/p/day CIBSE Guide G

RIBA 2030 Climate Challenge target metrics for domestic buildings
RIBA Sustainable 
Outcome Metrics

Current 
Benchmarks 2020 Targets 2025 Targets 2030 Targets Notes

Operational Energy
kWh/m2/y 

146 kWh/m2 /y
(Ofgem benchmark)

< 105 kWh/m2/y < 70 kWh/m2/y < 0 to 35 kWh/m2/y UKGBC Net Zero Framework
1. Fabric First
2. Efficient services, and low-
carbon heat
3. Maximise onsite renewables
4. Minimum offsetting using
UK schemes (CCC)

Embodied Carbon
kgCO2e/m2 

1000 kgCO2e/m2

(M4i benchmark)
< 600 kgCO2e/m2 < 450 kgCO2e/m2 < 300 kgCO2e/m2 RICS Whole Life Carbon (A-C)

1. Whole Life Carbon Analysis
2. Using circular economy
Strategies 
3. Minimum offsetting using
UK schemes (CCC)

Potable Water Use
Litres/person/day

125 l/p/day
(Building Regulations 
England and Wales)

< 110 l/p/day < 95 l/p/day < 75 l/p/day CIBSE Guide G

The RIBA has developed targets for operational energy use, embodied carbon and water use reduction5. These take 
into account the latest recommendations from the Green Construction Board6 and have been validated through 
consultation with UK professional bodies and with the Committee on Climate Change. The targets are progressive yet 
realistic, and a vital first step to ensure the construction industry has delivered the significant reductions necessary 
by 2030 in order to have a realistic prospect of achieving net zero carbon for the whole UK building stock by 2050. 

These targets are based on domestic and commercial buildings and may need further refinement by sector, building 
type, occupancy and geographical location. The RIBA will seek to develop these additional metrics with other 
UK professional bodies. However, given the urgency, we cannot wait for the perfect benchmarks to be developed. 
The RIBA recommends that project teams aim for a percentage reduction of the current baselines and minimum 
regulatory standards, as shown in the trajectory diagram above, by using the targets set out in the detailed tables below.



Science Based Targets

Numbers accurate as of 18/11/19 - see sciencebasedtargets.org for more information

685
companies taking action

>90
in construction, 
real estate and 

supply chain

27 based in UK

294
  with approved targets
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2013 plan to achieve 80% emissions reduction by 
2050 across UK built environment

Considered operational carbon and capital carbon

Considered KPIs, policies, and actions

Included report, infographics, and interactive model

Green Construction Board Routemap
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Draught Proofing
3,378 K Hard
18,337 K Easy

Homes
Super Glazing
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Homes Floor Insulation
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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 
(MtCO2e) 

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.

Submetering
+Commissioning

Lighting
+Controls

Heat
Recovery

Voltage
Optimization

Glazing 
G-Values

Glazing
U-Values

Solids
U-Values

Report and tool at www.greenconstructionboard.org/index.php/resources/routemap



“My personal view is that the assumptions the model makes are so heroic that I don’t 
believe anyone will believe it will happen in the timeframe”

Paul Morrell - Government’s chief construction advisor

Reaction at the time

Screenshot of tool from www.greenconstructionboard.org/index.php/resources/routemap



Routemap progress

See Giesekam et al. (2018) Aligning carbon targets for construction with (inter)national climate 
change mitigation commitments doi:10.1016/j.enbuild.2018.01.023 for detailed discussion

Total built environment emissions

Green Construction Board Routemap 
80% reduction scenario

Embodied carbon emissions
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48 MtCO2e  (26%) 

Construction 2025 
& Sector Deal 

2025 target
113 MtCO2e

Climate Change Act
2050 target
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Total built environment emissions in 2014
184 MtCO2e



1

Achieving net 
zero carbon in 
construction
Proposal for refreshing the  
Low Carbon Routemap for the  
Built Environment

October 2019

Could include:

1.	 Updated assessment of progress against KPIs 

2.	 Updated assessment of mitigation potential from 
a range of technologies, including new options. 

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

4.	 Refreshed action plan with interventions and 
milestones. 

5.	 Program for further routine updates

Future roadmap update?

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



SBT pathways are not consistent with national sector goals

Figure from Giesekam et al. (2018) Aligning carbon targets for construction with 
(inter)national climate change mitigation commitments 
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Several initiatives to understand infrastructure requirements, including detailed system of 
systems modeling - but not yet integrated with building stock models and routemap

Infrastructure requirements

Infrastructure Carbon Review

November 2013

Sir John Armitt, Chair, President Institution of Civil Engineers 

Martin Baggs, former CEO Thames Water

Nick Baveystock, Institution of Civil Engineers

Graham Dalton, Independent

John Dickie, London First

Jim Hall, Oxford University & Infrastructure Transitions Research Consortium

Steve Holliday, former CEO National Grid

Rhian Kelly, CBI

Jon Lamonte, Transport for Greater Manchester

Professor Lord Robert Mair, Cambridge University

Robbie Owen, Pinsent Masons

Richard Threlfall, KPMG

Gareth Williams, Scottish Council for Development and Industry

AUTHORS
Atkins
ICE
ITRC

PROJECT TEAM
Atkins
ICE
ITRC
KPMG
Pinsent Masons

The team would like to thank all those who provided written  
evidence and attended the workshops through the UK.
 
For further information about the National Needs Assessment  
please contact Andrew Wescott andrew.wescott@ice.org.uk 

NATIONAL INFRASTRUCTURE 
ASSESSMENT

NATIONAL
INFRASTRUCTURE
COMMISSION

July 2018

N
atio
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ssessm

ent

ZER Building 
a net-zero 
economy  

Practical planning and action to 
transition our economic infrastructure 
for a net-zero future. 

July 2019 

Net-zero means that any residual greenhouse gas (GHG) 
emissions from the economy are completely offset by 
removals, through activities such as reforestation or bioenergy 
with carbon capture and storage. The UK's 2050 target 
covers all GHGs, not just carbon dioxide (CO2), but only UK 
territorial emissions, not those associated with imported 
goods or services. Globally, net-zero GHG emissions must 
be achieved by 2070 if global warming is to be limited to 
1.5°C above pre-industrial levels, in line with the objectives 
of the Paris Agreement. The UK has committed to lead 
the way, achieving net-zero within the next 30 years.

HM Treasury (2013) Infrastructure Carbon Review.   Atkins, ICE & ITRC (2016) National Needs 
Assessment.  National Infrastructure Commission (2019) National Infrastructure Assessment
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UK guidance & standards
 

 

 

  

 

Tackling embodied 
carbon in buildings 
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CAMPAIGN FOR A SUSTAINABLE BUILT ENVIRONMENT 
© 2014 UK Green Building Council Registered charity number 1135153 
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D
RA

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

For this ‘How To’ Masterclass, the UK-GBC has partnered with BRE to provide you with a short 
guidance note on how to get started measuring embodied carbon on a project. Please note, this 
guide may be updated at the end of Embodied Carbon Week.

Background to BRE & UK Green Building Council

The UK Green Building Council requires its members to continually improve performance around sustainability. 
Resource efficiency and reducing embodied carbon is rapidly becoming a key area of focus for industry. For 
many the topic is complex, difficult to navigate and unclear in terms of where to start with measurement and 
reporting. 

For almost 20 years the Green Guide to Specification has provided a means for designers to compare the 
embodied environmental impacts, including carbon, of building elements (e.g. floors, roofs, walls). The Green 
Guide is also how embodied impacts are assessed in BREEAM schemes. In addition, BRE carries out EPD 
(environmental product declarations) and responsible sourcing certification for construction products. Recently 
BRE, along with three other partners, launched IMPACT - whole building life cycle assessment for BIM. 

Useful links and resources on embodied carbon measurement for a project

The information on the following pages has been prepared to provide you with a simple ‘quick start’ guide; 
setting out the fundamental steps involved in measuring and reducing embodied carbon on a project. By 
following these simple steps, you will have a good foundation-level understanding of how to measure 
embodied carbon on a project.

Top tips before you get started:

✓   Start early in the design process
✓   Familiarise yourself with basics of life cycle assessment
✓   Establish the commissioning client’s requirements and develop a goal and scope (e.g. carbon only or with 

other indicators, cradle to gate or grave, compliance with standards e.g. EN 15978, options to appraise, 
target setting, BREEAM, LEED etc. credits)

✓   Decide if you have the required skill to undertake the assessment, or if  you need a specialist consultant
✓   Identify a tool that will improve the accuracy and efficiency of the assessment
✓   Engage all of the design team members into the process

a guide to understanding  
the embodied impacts  
of construction products

 
 
 
 
 
 
 
 
 
 

Information sheet for construction clients and designers 
 

Cutting embodied carbon in 
construction projects 
This guidance will help you identify basic cost-effective actions to reduce the 
carbon impact of the materials used in your construction projects. 
 

What is good practice? 
 
As Building Regulations reduce operational emissions towards 
zero, the “embodied” CO2 emissions associated with supplying 
materials can be as much as 50% of total emissions over a 
building‟s lifetime. 
 
If you reduce embodied carbon, you can benefit financially 
from: 

 reductions in materials use and waste; 
 less reliance on energy-intensive manufacturing 

routes; and 
 a reputation for good environmental management. 

 
From the client‟s perspective, a simple approach to cutting 
embodied carbon is to set the following requirement in the 
project specification and design team appointment: 
 

“identify the [5-10] most significant cost-effective 
opportunities to reduce the embodied carbon 
emissions associated with the project (e.g. through 
leaner design, designing out waste, reusing 
materials, and selecting materials with lower 
embodied carbon over the project life-cycle), 
quantify the savings made through individual 
design changes, and report actions and outcomes 
as part of a Carbon Efficiency Plan” 

 
In response, the design team would focus on quantifying the 
savings associated with just a few changes for specific project 
elements/components.  They can use existing assessment 
methods (and, in the future, methods compliant with the 
emerging European standard CEN TC350).  They do not need 
to calculate a carbon footprint for the whole project – they 
would simply estimate with-without differences. 
 
The following Table lists the types of action a design team 
should consider and the scale of savings achievable (which 
will vary from project to project).  The examples mainly refer 
to buildings, although the principles apply to infrastructure 
projects as well. 
 
 
 
 
 
 
 

 
Carbon saving action Range of carbon 

savings 

Using less materials  

1. More efficient building design 
(e.g. compact building form) 

Varies by building type – 
typically, up to 5% (of a 
building‟s total embodied 
carbon) 

2. Change the specification for 
building elements (e.g. lower-
weight roof design) 

Varies by element type and 
specification – typically, up 
to 20% for major structure 
and cladding elements is 
achievable – see also 6 
below 

3. Design for less waste on site 
(e.g. to cut wastage rates on the 
top 10 materials from baseline to 
good practice) 

Varies depending on 
materials specified and 
extent of off-site 
construction – typically up 
to 10% is achievable 

4. Design for off-site construction 
(e.g. to benefit from lower 
wastage and efficient fabrication) 

Varies depending on the 
extent of off-site 
construction – up to 10% 
typically achievable 

5. Design for reuse and 
deconstruction (e.g. increase 
reuse of materials from 
demolition and earthworks on the 
current site; design a building for 
deconstruction at the end of its 
life; design a building for easy 
reconfiguration during its life) 

Significant savings on 
whole-life basis.  Little 
impact on embodied carbon 
savings on „cradle to gate‟ 
basis (see footnote 2) 

Using alternative materials  

6. Select materials with lower 
carbon intensities (e.g. cement 
substitutes such as PFA or 
sustainably-sourced timber) 

Varies by building type and 
specification – typically, up 
to 20% is achievable 

7. Select reused or higher recycled 
content products and materials 
(e.g. reclaimed bricks, higher 
recycled content blocks, locally 
recycled aggregates) offering 
lower carbon intensities 

Varies by extent of reusable 
materials available – 
typically up to 10% is 
achievable for some 
elements 

8. Select materials with lower 
transport-related carbon 
emissions (e.g. locally-sourced 
aggregates) 

Varies by transport volumes 
and modes – typically up to 
2.5% is achievable, and 
more in infrastructure 
projects 

9. Select materials with high levels 
of durability and low through-life 
maintenance (e.g. facades and 
fixing components which last as 
long as the building frame) 

Significant savings on 
whole-life basis.  Little 
impact on embodied carbon 
savings on „cradle to gate‟ 
basis (see footnote 2) 

 

 

 

 

 

 

 

 

 

Construction Scope 3 (Embodied) 

Greenhouse Gas Accounting 
 and Reporting Guidance 

 

March 2013 
  

Developing a Client Brief
Embodied Carbon:

March 2017

WORK SPONSORED BY:

© Derwent London | Brunel Building

rics.org/guidance

RICS professional statement

RICS professional standards and guidance, UK

Whole life carbon 
assessment for the  
built environment
1st edition, November, 2017

Embodied and  
whole life carbon 
assessment  
for architects

RIBA (2018); RICS (2017); UKGBC (2015,2016,2017); GCB & CLC (2016); WRAP (2014); GLA(2013); CPA (2012)



Recent & upcoming guidance

UKGBC (2019); SCI (2019); WGBC (2019); LETI (in draft - planned for early 2020)

JULY 2019

Guide to Scope 3 Reporting 
in Commercial Real Estate

Advancing Net Zero Programme Partners

Lead Partner:        Programme Partners:

F O U N D A T I O N

APRIL 2019

How to practically apply circular economy 
principles at the project brief stage 

Circular economy guidance 
for construction clients:

Partner: Sponsors:

 

LETI 
DRAFT - Guidance on Reducing Embodied Carbon 

 
  



Tools

ICE database  v3 launched in May 2019
download for free at circularecology.com/embodied-energy-and-carbon-footprint-database.html

H\B:ERT  Revit-based tool for visualising embodied carbon
download for free at hawkinsbrown.com/services/hbert

ECCOLAB  web based integrated cost, carbon & energy assessment
currently commercial beta - more information at rapiere.net

Numerous bespoke carbon calculators (e.g. RSSB Rail Carbon 
Tool;  Environment Agency’s ERIC Carbon Planning Tool; Highways 
England Carbon Emissions Calculator)

5 
 

 
 
All fields must be filled, clicking either draft or final will mark the data sent for analysis, and show the 
screen in the following image. This data will be assessed anonymously and used to help develop 
benchmarks.  
 

 
 
The required A3 landscape title block should be selected (the default is 
HB_Titleblock_A3_Landscape_Vertical). A default view window is also contained in the template named 
HB Emissions Reduction Tool (Do Not Delete). 
 
Clicking Publish will send the data contained in the schedule, and the fields filled in the menus to the 
HBERT cloud storage for later analysis. It willa lso produce a sheet called HBERT – EC Evaluation which 
will look like the the following image: 
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Project carbon targets

Client set ambitious targets which drove exploration 
of novel material options e.g. development of thatch 
cassette cladding

Ultimately delivered embodied carbon of 193kgCO2/m2 
compared with benchmark of  845kgCO2/m2

3 years of post occupancy monitoring showed better 
than predicted operational performance

University of East Anglia Enterprise Centre by Architype, Morgan Sindall & BDP



Developers voluntarily benchmarking embodied carbon

See Derwent London resources at: 
www.derwentlondon.com/sustainability/performance/carbon-footprint

Sustainability Annual Report 2015 2120 Derwent London plc

Focus: Carbon Reduction Commitment 
(CRC)
During this latest phase of the CRC (phase 2), and in line 
with our obligations for this period (2014-2015), we ordered 
21,269 tonnes of CO2 and purchased allowances to the 
value of £348,811 at the new increased price of £16.40/
tCO2. This would have been £255,552 at the old purchase 
price of £12.00/tCO2.

Compared to our previous period (2013-2014) where we 
reported and ordered 23,296 tonnes CO2 and purchased 
allowances to the value of £279,552 (at £12.00/tCO2), we 
reduced our carbon allowance purchasing by 9%, which is a 
direct consequence of our carbon management work. 

It should be noted, our corporate carbon reporting time 
period operates on the calendar year and the CRC period 
follows the fiscal year. As a result, the reported tonnages 
are not comparable. Furthermore, the CRC only focuses 
on specific energy supplies, some of which we do not have 
operation control over and therefore do not report on.

Focus: Energy Savings Opportunity 
Scheme (ESOS)
As we reported last year we were required to take part in 
the new ESOS introduced during 2014. We completed our 
assessment and audit work of our total energy use ahead 
of the December 2015 deadline, notifying the Environment 
Agency of our compliance in August 2015. We have 
presented a detailed case study of our work on page 30.

Focus: Embodied carbon
Looking at carbon holistically is important, particularly in the 
built environment. The embodied carbon associated with 
the manufacture and construction of buildings can account 
for well over ten times the annual operational energy 
consumption within a typical commercial office building, and 
when set against a backdrop of reducing operational energy 
presents itself as a significant issue. As a result the balance 
between operational and embodied carbon needs to be 
considered to understand the true impact of a given building.

Bearing this in mind we have been working hard to 
understand exactly what embodied carbon means to our 
business and our favoured approach to developing buildings 
(refurbishment and regeneration) and how we can measure 
and manage it effectively. To do this we first sought to 
understand how buildings should be measured and the 
existing tools and techniques which are being deployed 
by industry. This showed a great variety of approaches 
and datasets, but all were linked by a common framework, 
namely the European standards EN 15978 and 15804 
(sustainability of construction works – assessment of 
environmental performance of building/environmental 
product declarations). As a result we decided to develop 
our own specific brief designed to set out precisely what 
we wanted to achieve with each assessment, ensure 
consistency and allow us to compare and contrast results 
between our projects. To complement this we also set in 
place a formal requirement for our schemes to undertake 
an assessment using the brief to ensure we were reviewing 
each project in turn and rationalising its footprint where 
possible.

Since doing this we have undertaken a number of 
assessments ranging from new build to full and partial 
refurbishment, which have clearly shown us that 
refurbishment and retention offers us some very significant 
embodied carbon savings – 70% in some instances, over 
new build. Whilst this is a logical outcome and one which 
could almost be pre-determined, we want to quantify which 
areas of retention offer the best savings, and whether 
through our design-led approach we can deliver both 
aesthetic integrity and embodied carbon efficiency.

We have set out opposite a selection of our projects with 
their respective footprints and intensities to show the range 
of outputs we have observed. All the outputs are based 
on our preferred initial assessment boundary of ‘cradle-to-
completed construction’.

From the nine schemes assessed our average carbon 
intensity is 0.623 tCO2e/m2 which is a non-optimised figure 
i.e. it does not take into account any reduction opportunities 
which may have been recommended. Therefore, this figure 
compares very favourably with the average offices intensity 
figure provided by the WRAP embodied carbon database of 
0.867 tCO2e/m2. 

Going forward we will be reviewing how it might be possible 
to set a corporate reduction target for our projects such that 
we can demonstrate how we are rationalising the embodied 
footprint of each scheme.
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Such as:

Assessment boundaries & metrics 
e.g. Cradle-to-completion, tCO2e 

Reporting requirements 			
e.g. use of RICS 2017 PS

Preferred design options 		
e.g. rapidly renewable materials like 
timber

Emission intensity targets 			 
e.g. 900 kgCO2/m2

Requirements included in development briefs

landsec.com/sites/default/files/2018-02/SGP_Landsec_Sustainability_Brief.pdf & 
www.derwentlondon.com/sustainability/performance/carbon-footprint

Embodied Carbon  
Assessment 

  
Brief for Developments

Creating 
better 
experiences
Sustainability brief

A document outlining our 
sustainability ambitions for 
developments and the role 
you can play in creating the 
best experiences.



Reducing carbon in line with Science Based Targets

See Landsec performance at: landsec.com/sustainability
Construction activities accounted for ~28% of total emissions last year
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“Ministry for Housing, Communities and Local Government 
should develop new policies to support a substantial 
increase in the use of wood in construction”

“A new mechanism is needed to incentivise and drive 
whole-life carbon savings for new buildings. This should 
cover embodied emissions and carbon sequestration.”

CCC: new UK policy is necessary

Committee on Climate Change (2018) Biomass in a low-carbon economy & evidence base

Biomass in a low-carbon 
economy

Committee on Climate Change
November 2018
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International precedents

Bionova (2018) The Embodied Carbon Review 

Made possible with generous support from

THE EMBODIED CARBON REVIEW
EMBODIED CARBON REDUCTION IN 100+ 

REGULATIONS & RATING SYSTEMS GLOBALLY

© Bionova Ltd 2018. All rights reserved

The Embodied Carbon Review is updated at
www.embodiedcarbonreview.com

#embodiedcarbonreview

References: The Embodied Carbon Review, 2018, Bionova Ltd, www.embodiedcarbonreview.com

105 systems with direct measures for embodied carbon 
(69% are voluntary certification systems, 14% regulations, 
12% standards and 7% guidelines)

Local systems in 26 countries + 19 international systems 
available for adoption globally

Number of systems has more than doubled in last 5 years



Prescription of specific design options 				  
(e.g. timber first)

Assessment plus qualitative statements 			 
(e.g. quantify whole life emissions & demonstrate design 
choices to achieve reductions)

Environmental performance-based requirements 	
(e.g. must be <500 kgCO2/m2 to practical completion)

Options

Dalston Lane in London - 121 apartments in CLT - credit: Daniel Shearing



August 2018 revisions include:

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

Draft London Plan

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

D E C E M B E R  2 0 17 

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

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

Contract recently awarded for design of policy detail



GMSF 2019 draft includes:

Policy GM-S 2: “An expectation that new development will be net zero 
carbon from 2028” & all developments will “include a carbon assessment 
to demonstrate how the design and layout of the development sought to 
maximize reductions in whole life CO2 equivalent carbon emissions”

New Greater Manchester Spatial Framework

GMCA (2019) Greater Manchester Spatial Framework Revised Draft - January 2019 
Image from Sue Langford: https://www.flickr.com/photos/sue_langford



Includes ambitions that:

By 2025: “standard practice for major developments in Bristol to be carbon neutral”

By 2030: “standard practice that major developments in Bristol are net carbon negative”

Bristol One City Plan

Bristol City Council (2019) Bristol One City Plan
Image from FLH: https://www.flickr.com/photos/french_landscape_hunter/



National: lack of political awareness & support; 
political aversion to prescriptive options narrows 
solution space; lack of cross-departmental 
collaboration; failure to recognise policy synergies

Local: limited knowledge & resources; lack of legal 
clarity; start-up costs

Across all scales: availability & quality of data; 
inconsistencies in interpretation of standards; 
perceived additional costs

Barriers

Example of 3 different LCA practitioners ariving at substantially different results for the same set of 
case studies using same project info, from Pomponi et al. (2019) doi: 10.1016/j.enbuild.2018.02.052



Common resources							     
(e.g. databases, tools, methodologies, guidance)

Platforms for collaboration & knowledge-sharing 
(e.g. GBC programmes, living labs)

Targeted support for development/testing 		
(e.g. funding for leading local authorities, HAs)

Integration with established reporting 				  
(e.g. company reporting, city carbon budgets)

Enablers

Queue round the block for oversubscribed UKGBC Net Zero Carbon Definition launch



UKGBC Net Zero Framework

UKGBC (2019) Net Zero Carbon Buildings: A Framework Definition 76
UK Green Building Council | Net Zero Carbon Buildings: A Framework DefinitionUK Green Building Council |  Net Zero Carbon Buildings: A Framework Definition

THE FRAMEWORK

The net zero carbon buildings framework sets 
out definitions and principles around two 
approaches to net zero carbon, which are of 
equal importance:

Net zero carbon – construction (1.1): 

“When the amount of carbon emissions 
associated with a building’s product 
and construction stages up to practical 
completion is zero or negative, through 
the use of offsets or the net export of 
on-site renewable energy.”

Net zero carbon – operational energy (1.2): 

“When the amount of carbon emissions 
associated with the building’s operational 
energy on an annual basis is zero or 
negative. A net zero carbon building is 
highly energy efficient and powered from 
on-site and/or off-site renewable energy 
sources, with any remaining carbon 
balance offset.”

Developers aiming for net zero carbon in 
construction should design the building 
to enable net zero carbon for operational 
energy, and where possible this should be 
achieved annually in-use. Net zero carbon 
for both construction and operational energy 
represents the greatest level of commitment 
to the framework. A third approach for 
net zero carbon – whole life (1.3) is also 
proposed at a high level, but further work 
will be needed to define the scope and 
requirements for this approach.

The summary table on the following page 
outlines which principles should be followed 
to demonstrate alignment with net zero 
carbon for construction and for operational 
energy. The detailed framework in the full 
report includes the background rationale 
for the principle, associated technical 
requirements and, where relevant, any areas 
for future development of the framework. 
Public disclosure of data is required 
throughout the framework to demonstrate 
the approach taken to achieve net zero 
carbon and alignment with the principles. 
Suggested disclosure templates are set out 
in Appendix A and B of this report.

2. Reduce Construction Impacts

2.1  A whole life carbon assessment should be 
undertaken and disclosed for all construction projects 
to drive carbon reductions

2.2  The embodied carbon impacts from the product and 
construction stages should be measured and offset at 
practical completion

3. Reduce Operational Energy Use

3.1  Reductions in energy demand and consumption 
should be prioritised over all other measures. 

3.2  In-use energy consumption should be calculated and 
publicly disclosed on an annual basis.

4. Increase Renewable Energy Supply

4.1  On-site renewable energy source should be 
prioritised

4.2 Off-site renewables should demonstrate additionality

5. Offset Any Remaining Carbon

5.1  Any remaining carbon should be offset using a 
recognised offsetting framework 

5.2  The amount of offsets used should be publicly 
disclosed

1. Establish Net Zero Carbon Scope*

1.1 Net zero carbon – construction

1.2 Net zero carbon – operational energy

Steps to Achieving a Net Zero Carbon Building

    New buildings and major refurbishments targeting net zero carbon for construction should 
be designed to achieve net zero carbon for operational energy by considering these 
principles.

 *  Please also note, a further scope for net zero whole life carbon (1.3) will be developed in 
the future.

Breakdown of three net zero carbon scopes

2322
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1.3 Net zero carbon – whole life is defined as:

“When the amount of carbon emissions associated with a building’s embodied and 
operational impacts over the life of the building, including its disposal, are zero or 
negative.”

Rationale

In order to achieve a net zero carbon economy, the UK must account for and offset all carbon 
impacts from the built environment. This will require moving towards a net zero whole life 
carbon approach for all buildings which will need to be developed in detail over the next five 
years.

A future net zero whole life carbon definition should ensure that a lifecycle approach is taken 
to make informed decisions about building design and operation. It should also encourage 
design for flexibility, adaptability and deconstruction to minimise end-of-life impacts and 
enable a ‘circular economy’ within the built environment.

Net zero whole life carbon is not proposed as an approach at present due to current limitations 
in the reporting of carbon from the maintenance, repair, refurbishment and end-of-life stages 
of a building’s lifecycle. Instead, buildings are encouraged to aim for net zero carbon in 
construction (new buildings and major refurbishments) and for operational energy (existing 
buildings), until greater familiarity with whole life carbon impacts has been achieved.

Future development

Reporting and offsetting processes for whole life carbon will be developed and introduced 
into the framework within the next five years to take account of all building lifecycle stages. 
This will build on the current framework principles addressing construction impacts at practical 
completion and operational energy impacts in-use, but will also likely require annual reporting 
and offsetting of embodied carbon impacts from maintenance, repair and refurbishment on an 
annual basis.

Building 
construction 

Building 
operation 

End-of-life Beyond the 
lifecycle

Construction 
products
and 
processes

Modules A1 
to A5

Module B6 Module C Module DModules 
B1-B5 & B7

Operational 
energy e.g. 
heating, 
lighting and 
applicances

Maintenance, 
repair,  
refurbishment 
and water use

Carbon 
savings from 
material 
re-use 

All Modules referred to are from EN15978 Sustainability of construction works – Assessment 
of environmental performance of buildings – Calculation method 

Demolition,  
waste and 
disposal

Net Zero Carbon – Construction (1.1)  

Net Zero Carbon – Operational Energy (1.2)  

Net Zero Carbon – Whole Life (future development) (1.3)  
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The UK has recently established ambitious national, 
sectoral & company decarbonisation targets

Targets supported by wide range of voluntary 
initiatives & commitments from across the industry

Growing body of guidance documents, standards & 
tools for reducing embodied carbon

But limited policy drivers, with developments in the 
short term led by local authorities rather than national 
policy makers

A coherent updated roadmap & action plan to 
support the sector’s transition to net zero is urgently 
needed

Summary

slides available from www.jannikgiesekam.co.uk 



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

slides available from www.jannikgiesekam.co.uk 


