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ABSTRACT

What is embodied carbon and why is it a significant challenge for clients and designers in
the real estate and construction sector? It is the sum of greenhouse gas (GHG) emissions
that arise in the life cycle of a building during manufacture and construction (upfront),
maintenance and replacement of building components (recurrent), as well as dismantling
and waste processing (end of life). Currently, the relative and absolute share of embodied
carbon in the life cycle of a single building is growing and becoming a dominant factor in
the case of energy-efficient buildings. For example, for new buildings, it can represent more
than 50% of life-cycle carbon. Against this background, embodied carbon is becoming
an object of assessment not just in research but also in design and decision-making. It
also becomes a key action to reduce GHG emissions. Embodied carbon assessment and
reduction arebeingincreasingly mandatedin national regulations. Clients and designers (as
key actors in the supply chain) can harness new knowledge and tools to reduce embodied
carbon as part of a strategy to reduce overall GHG emissions. Appropriate methods, data,
benchmarks and tools are being further developed and operationalised to support the
processes for specifying and designing low carbon buildings. An overview is presented of
the state of knowledge and current developments. Constructive recommendations are
provided for actions that clients and designers can take.

KEY FINDINGS

* From the perspective of a single building’s life cycle, the proportion of embodied
carbon is around 50% on average for new energy-efficient buildings. From a macro-
economic perspective, approximately 10% of global energy-related CO, emissions
are attributable to the embodied emissions of buildings.

* Designers can influence and assess embodied carbon according to related design
targets in the client’s brief and/or legal requirements.

* A trade-off between operational and embodied carbon is typical, but possibilities
exist to optimise both sides.
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* Embodied carbon can be reduced by selecting low carbon construction products
and/or reused building components.

» Further possibilities are the revitalisation of existing buildings, the extension of
their service life, the minimisation of useable areas (sufficiency), as well as the
optimisation of buildings and their components.

* With good design, it is possible to construct low embodied carbon buildings with
little or no additional costs, and even generate economic benefits.

1. PROBLEM DEFINITION

The consequences of global warming have created an imperative to significantly reduce greenhouse
gas (GHG) emissions. For buildings, this means considering not only the operational emissions
but also the embodied emissions. This entails the development of legal requirements as well as
changes in building design and construction practices. Embodied carbon is becoming a topic of
growing importance, especially because its absolute and relative share in the life cycle of buildings
is currently increasing. Questions arise for all those involved in policymaking, the real estate and
construction industries, as well as design who may now be dealing with this topic for the first time.

The specific questions addressed in this briefing note are:

*  What does the term ‘embodied carbon’ mean? How is it interpreted?
*  Which system boundaries should be considered in an assessment?
e Why is reducing embodied carbon important?

* How can embodied carbon be assessed and influenced when designing new construction
and refurbishment projects? Are there appropriate methods and user-friendly tools available?

* How can embodied carbon be reduced by decisions of clients and designers?

2. BACKGROUND

There is a long track record to reduce the demand for construction materials, as well as for the
raw materials and energy required to produce them. A century ago an interest in the minimum
amount of coal required to manufacture products arose, while 50 years ago the ‘energy crisis’
shifted the emphasis on crude oil. Over the last decade, the recognition of a growing ‘climate crisis’
broadened the embodied energy concept to embodied carbon. Authoritative scientific reports
(such as the United Nations’ Intergovernmental Panel on Climate Change—IPCC) have highlighted
why embodied carbon requires urgent action.

Building regulations have been focused on building operational energy demand (and the associated
emissions). However, GHGs are caused and emitted at every stage of a building’s life cycle. From
a macro-economic perspective, today approximately 10% of total global anthropogenic GHG
emissions result from the manufacture of building construction materials such as steel, cement
and glass (UNEP 2021). To meet the stated societal goals of radically reducing GHG emissions, it is
necessary to assess and reduce the building-related embodied part (the embodied GHG emissions
are called ‘embodied carbon’ here in line with common terminology). This task can be assisted
by using harmonised assessment methods, the improvement of data quality for construction
products, and the deployment of user-friendly design and assessment tools.

3. CURRENT STATUS

Today, several developments are driving the consideration of embodied carbon (Figure 1). Several
formal standards provide the basic principles for assessing life cycle GHG emissions of buildings
and construction products at both the European (European Committee for Standardization (CEN),
e.g. EN 15978 and EN 15804; CEN 2011, 2019) and international (International Organization for
Standardization (ISO), e.g. IS0 21929 and ISO 21930; 1SO 2011, 2017) levels. Based on these standards,
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several organisations such as The Royal Institute of British Architects (RIBA), The Royal Institution of
Chartered Surveyors (RICS) and the World Green Building Council (WGBC) have implemented methods,
guidelines and tools to assist their members. International research projects such as the International
Energy Agency’s Energy in Buildings and Communities Programme (IEA-EBC) Annex 72 are
underpinning the development of methods, guidelines and tools to ensure they are robust and fit for
purpose, and to create the basis for a next generation of guidelines, standards and legal requirements.

i LEGAL AND REGULATORY REQUIREMENTS AT DIFFERENT LEVELS
} In force: Netherlands (2018)*, France (2022)*, Sweden (2021)*, Greater London (2021), Vancouver (2022)*, Toronto (2022)
I Soon to be introduced: Denmark (2023)*, Finland (2025)*

B Proposed to be introduced: UK, New Zealand, US, EU (new EPBD proposal)
i *limit values already in place
} +plans to introduce limit values in the short-term
SUSTAINABILITY REPORTING PUBLIC SUBSIDY VOLUNTARY
CERTIFICATION DEMANDS PROCUREMENT PROGRAMMES REQUIREMENTS
SYSTEMS EU Sustainable Finance| | Buy Clean initiative for German QNG Danish Sustainbility
LEED, BREEAM, DGNB, Taxonomy, Level(s), low-carbon materials, programm Class, SIA 2040 Energy
BNB, HQE, Green Star, GRESB, EPBD Procurement criteria for Efficiency Path
NollCO,, FutureBuilt low-carbon building
ZERO, CASBEE (Finland)
STANDARDISATION
Framework level: EN 15643, ISO 21931-1
] Building level: EN 15978, ISO 21929-1, ISO 21678
Product level: EN 15804+A2, EN 15942, ISO 21930, ISO 22057
by
T RESEARCH ACTIVITIES >
e e.g. IEA-ECBCS Annex 31, IEA EBC Annex 57, IEA EBC Annex 72 S~

In the policy and market realms, there is a trend to establish whole-life carbon (WLC) as a criterion
in building sustainability assessment systems. The reduction of embodied carbon is becoming a
requirement in green public procurement, as well as a prerequisite for the allocation of subsidies.
Building developers and buyers are increasingly being informed about the carbon footprint of
buildings (e.g. EU Taxonomy and the current draft of the Energy Performance of Buildings Directive
(EPBD) in Europe). Several countries (Figure 1) have now set mandatory requirements to report
life cycle-based environmental performance assessment results of buildings, including embodied
carbon, and some have even introduced or will soon introduce binding embodied carbon or WLC
limits (e.g. France, Denmark and Sweden). In some countries, local authorities take the lead and
demand such assessments (e.g. Greater London Authority (GLA), City of Vancouver).

4. KEY CONSIDERATIONS
4.1 TERMINOLOGY

What is meant by the term ‘embodied carbon’? This is not the carbon physically contained in the
building. Rather, it is the allocation of GHG emissions that arise in the production of construction
products of all kinds, their transport to and from the building site, the processes of building
construction, maintenance, replacement and deconstruction, as well as the end of life of building
components and the building. There are initial/upfront, recurrent and end-of-life-related emissions.

GHG emissions include not only CO, but also other gases with a global warming effect. CO,
emissions dominate GHG emissions with 75% of the global average and in some countries up
to 90%. These are typically reported by converting them into kg CO, equivalents to express their
global warming potential.

Concerning the physical carbon content in a building, the indicator ‘biogenic carbon content’ was
recently introduced in European standards to describe it (kg C).

The quantification of embodied carbon of building products is often achieved using the life cycle
assessment (LCA) methodology. LCA is the systematic analysis of the energy and material flows
and the resulting effects on the environment, including the climate. The case of determining
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Figure 1: Examples of
developments regarding
embodied carbon.

Source: Authors.



the embodied carbon of a building as part of a WLC assessment is an applied LCA. It is usually
sufficient to link product quantities with life cycle-based environmental data for products and
services determined using LCA—although variation can occur between similar products due to
different primary energy sources or manufacturing processes. The result is also referred to as a
building-related carbon footprint, where embodied carbon is seen as a partial carbon footprint.

4.2 IMPORTANCE

The development of more stringent operational performance requirements has increased the
importance of embodied carbon from buildings. Often, high-efficiency buildings require more
materials and technical equipment which increase the embodied part of the carbon footprint.
However, high operational energy performance does not necessarily have to result from high
embodied carbon. An analysis of hundreds of global LCA case studies of both residential and office
buildings (Figure 2) demonstrates the possibility of designing buildings with low embodied carbon
that comply with ambitious building energy-efficiency regulations (Rock et al. 2020). To put it
differently, the optimisation of both embodied and operational emissions is technically feasible
and necessary to achieve net zero emissions over the life cycle.
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Figure 2: (a) Global trends

in life-cycle greenhouse gas
(GHG) emissions (sometimes
also called whole-life carbon—
WLC) showing an increasing
proportion of embodied GHG
emissions (called embodied
carbon) (dotted line) ranging
from 20% to 50% of overall GHG
emissions for new standards
and advanced standards; and
(b) distribution of GHG emissions
for residential and office
buildings by energy performance
class showing that within a class
there is considerable scope for
optimisation of the embodied
part.

Source: Rock et al. (2020).



4.3 SYSTEM BOUNDARIES

The life cycle of a building has several stages and a framework exists to define each stage
(Figure 3). Each stage requires a calculation of embodied carbon. The range of values for embodied
carbon found in the literature is often due to the methodological choices behind their calculation.
The interpretation of these values depends heavily on the defined object of assessment, i.e. what
building components are included in the building model and what life cycle stages are included
or omitted in the life cycle model. In combination with communication of an assessment result,
it must be made explicit what scope of assessment and which system boundaries were applied.
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Carbon footprint assessments differ significantly in these two scopes. Regarding the building
model, the variation with the most critical effect is the inclusion/exclusion of building services such
as heating, ventilation and air-conditioning (HVAC) systems. These could account for nearly 40% of
embodied carbon of technology-intensive buildings (Hoxha et al. 2021). In the past, the focus was
on the structure so the technical systems were neglected due to limited data availability. However,
this has changed and today the aim is to have an as complete building model as possible.

In future, a more intense focus on emissions released before the building operation begins (often
called upfront carbon emissions) is expected as they are responsible for more than 60% of the
total embodied carbon and are immediately consuming the remaining global carbon budget (Réck
et al. 2022). However, the inclusion/exclusion of the impacts associated with the replacements of
building components during use stage can have a considerable effect (Birgisdottir et al. 2017). It is
important to stress that post-handover results strongly depend on assumptions about the service
life of building components (Goulouti et al. 2020) and end-of-life processes, among others.

4.4 AVAILABILITY OF DATA AND TOOLS

The design team faces many design and material choices. Quality assured data for construction
products and processes are vital for evaluating the carbon implications of these choices. Reliable
data exist for construction products and construction processes based on published LCAs, as
part of quality-proofed environmental product declaration (EPD), in quality-verified databases,
integrated in quality-verified assessment tools or from other sources. These require regular
updating to provide temporal and geographical validity. For example, the energy mix used in the
manufacturing of a large proportion of products as well as the efficiency of the manufacturing
processes themselves change over time (Alig et al. 2020). In the long run, data taking into account
the results of the decarbonisation processes in the sense of forecasts for 2030, 2040 and 2050 are
needed to model future replacement.
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Figure 3: Life-cycle model and
names of modules, highlighting
the embodied part.

Source: Based on Standard EN
15643 (CEN 2022).



Building assessment tools are currently being developed worldwide that are easy for designers to
use even without knowledge of the details of an LCA (Melton 2019; Marsh et al. 2018). A procedure
for identifying the right tool according to specific designers’ or users’ needs is proposed by Di Bari
etal. (2022).

5. CONCLUSIONS

Embodied carbon is an important part of the carbon footprint of buildings. Their relative, and in
most cases also the absolute, contribution is increasing. For buildings with no or net zero GHG
emissions in operation, the share of the embodied part is 100%.

A prerequisite for the assessment of embodied carbon for buildings is the availability of
corresponding data for construction products. Assessment method, data and benchmarks and/or
target values must form a package.

The reduction of embodied carbon makes a significant contribution to reducing the building-
related share of global GHG emissions. For this, operational energy efficiency standards need to
be augmented with specific target values for embodied carbon and/or WLC. Related policy and
regulation are already being developed in some countries. The introduction of regulation will
reduce uncertainties, define system boundaries, and make both the assessment process and
reporting more transparent.

The assessment and reduction of embodied carbon is a design task. Targets should already
be formulated in the client’s brief or integrated into voluntary/legal requirements. The system
boundaries need to be communicated transparently and should be based on international or
European formal standards.

6. RECOMMENDED ACTIONS FOR CLIENTS AND DESIGNERS

Clients have a responsibility for decisions throughout the initiation, design and implementation of
a building project. Clients may be individuals, institutional and public organisations or commercial
project developers. Standard EN 15643 (CEN 2022) recommends formulating requirements not
only for the functional and technical performance in the client’s brief but also for environmental
performance. In this context, the aim to reduce embodied carbon can also be addressed. However, it
is first necessary for the client to make full use of the possibilities to act, given as examples in Table 1.

AVOID CONSTRUCTION REDUCE CONSTRUCTION

¢ Organisational instead of structural solutions *  Reuse/refurbish/repurpose existing buildings
(new working practices, home offices, etc.) *  Extension of existing buildings

¢ Densification of organisational processes in *  Use of already developed land

existing building areas
. Avoidance of non-essential spaces (e.g. cellars
and underground garages)

A sufficiency strategy and space optimisation can avoid building anew. The willingness to forgo a
new building can be allayed if the functional and technical requirements can be met by an existing
one. Clients can already receive support from design professionals and consultants with these
tasks. Another client task is to provide designers with adequate time and money to compare and
assess design solutions and to actively commission them to do so. For many clients, the benefit
of lower embodied carbon is already obvious. This can lead to better results in sustainability
assessments, marketing, valuation and financing as well as insurance conditions. The associated
cost needs to be examined more closely. Despite the wide range, there are examples of only minor
additional costs for low embodied carbon buildings (Jungclaus et al. 2021).
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Table 1: Non-exhaustive list
of recommended actions for
clients.



Clients/investors and their associations (amongst others) should: Litzkendorf & Balouktsi 970
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* make specifications for limiting embodied carbon as part of the environmental performance POL 10.5334/be.257

targets in the clients’ brief
 ask banks for special financing conditions, e.g. see EU Sustainable Finance Taxonomy

* request ‘as built’ embodied carbon values and actively communicate them to third parties:
customers, tenants and valuation professionals

» undertake cost-benefit analyses in relation to the design option for low embodied carbon

Options for designers to influence embodied environmental impacts, including embodied carbon,
are listed in Table 2.

Table 2: Non-exhaustive list

DESIGN DECISIONS MATERIAL CHOICES .
of recommended actions for
¢ Choice of construction and structural system *  Reuse of building components designers.
¢ Choice of storeys and spans *  Use of products that demonstrate lower
*  Use of form factor or surface-to-volume ratio as embodied carbon through data from
a metric environmental product declarations (EPDs) or
*  Building and component optimisation other reliable sources
*  Optimisation of ancillary/public spaces *  Use of local products (reduced transport
¢ Design for durability distances)
¢ Design for dematerialisation
¢ Design for flexibility and adaptability
¢ Design for ease of maintenance and repair

Design for deconstruction and recyclability

These possibilities fall within the efficiency and consistency (regenerative) strategy. It is important
to determine, assess and influence embodied carbon during design. Designers and their
associations (amongst others) should:

» design (for associations) and undertake (for individuals) further training on calculating,
assessing and reducing embodied carbon

* include the task of calculating, assessing and reducing embodied carbon in the scope of
professional services and fee regulations

» develop user-friendly design tools that integrate embodied carbon considerations and
can be used at early design phases such as element catalogues or suitable software, or
specifically ask about them

e start own initiatives, which call for the introduction of binding reporting and reduction
requirements for embodied carbon

Since upfront emissions are animportant part of embodied carbon and immediately consume parts
of the remaining global budget for greenhouse gas (GHG) emissions, it is particularly important not
to delay efforts to reduce them in both new building and refurbishment projects in a coordinated
action of clients and designers but also policymakers and the construction product industry.
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