THE DECARBONISATION
BENEFITS OF SECTORAL
CIRCULAR ECONOMY ACTIONS
EXECUTIVE SUMMARY

Context of the study
The central aim of the 2015 Paris Agreement is
to strengthen the global response to the threat
of climate change by keeping global
temperature rise in this century well below 2
degrees Celsius above pre-industrial levels and
to pursue efforts to limit the temperature
increase even further to 1.5 degrees Celsius. To
reach this ambitious goal, comprehensive
circular economy strategies have to be
implemented in all countries. Striving to
maintain the utility and value of materials and
products for as long as possible, the circular
economy offers significant potential for
mitigating CO2 emissions from economic
activities.
The main aspect of circular economy (CE)
actions is to reduce the demand for (virgin)
materials and consequently the reduction of
CO2 emissions which arise in the production
process. These actions can be very diverse,
including, for example, new production
techniques as well as changed consumption and
waste disposal patterns. Relevant CE actions
identified in this context are, for instance,
extending product lifetimes, reducing material
losses, recirculating materials and products,
preventing downcycling, or substituting CO2intensive with less CO2-intensive materials. In
order to achieve its CO2 emission reduction
targets, the EU will need to reduce CO2
emissions associated with materials
management because, on a global scale, this
accounts for 67% of total global CO2 emissions.1
Consequently, the circular economy is at the
core of the European Union’s strategy for a
climate neutral economy by 2050, as underlined
in the 2019 European Green Deal.2
Efforts to research the climate mitigation
potential of circular economy actions have been
increasing in recent years.3 For example, the
2050 Long-term Strategy of the EU develops
possible scenarios to achieve a climate neutral
EU in 2050. The scenarios aim at the full
deployment of all technology options as well as
a more circular economy.

While these scenarios present a major step
forward, going beyond previous modelling
approaches and integrating circular economy
into 2050 scenarios, much more progress is
necessary to enhance the empirical basis and
the representation of circular economy in
models for quantitative assessments.
Such quantitative assessments can significantly
help governments, companies and other
stakeholders to account for the CE-related
contributions to climate change mitigation, and
to inform new circular policies with projections
of future potential emission savings. However,
there is a wide variety of approaches with still
rather scattered quantified evidence – and a
well-identified practice for making such
assessments is missing.

Purpose of the study
This study provides an approach to how to
select and assess circular economy actions (in
the following, “CE actions”) and their impact on
the mitigation of climate change. It integrates
results from lifecycle analysis (LCA) and
material flow modelling to develop a generic
methodology for conducting ex ante
quantifications of the CO2 emission reduction
potential of CE actions (Part 1 of the report).
This generic methodology is designed to be
applicable to a broad range of economic
sectors. The present study then tests this
approach on the buildings sector, quantifying
CO2 emission reduction potentials from a
selection of CE actions (Part 2).
Finally, it reports on the lessons learned from
implementing the methodology and sketches
out its potential application to other sectors,
namely textiles, plastics and electronics (Part 3).

This PDF is Ramboll's summary of the report
project “Quantification methodology for, and
analysis of, the decarbonisation benefits of
sectoral circular economy actions” carried out
by Ramboll, Fraunhofer and Ecologic Institute
on behalf of the EEA

1 Circle Economy. (2017). POLICY LEVERS FOR A LOW-CARBON CIRCULAR ECONOMY. Page 11.
2 European Commission. (2019). The European Green Deal.
3 See for instance: Trinomics. (2018). Quantifying the benefits of circular economy actions on the decarbonisation of EU
economy. Material Economics. (2018). The Circular Economy - a Powerful Force for Climate Mitigation.
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Summary of the methodology
Step 1 consists of a scoping of the sector to be
analysed as well as the main materials and
products relevant to this sector. The scoping
involves defining sectoral boundaries;
determining main GHG emissions sources within
these boundaries; and assessing the potential
limitations of the subsequent analysis based on
the characteristics of the sector.

The methodology is composed of six iterative
steps, applicable to any sector, which cover
issues of scoping, data collection and analysis,
as well as approaches to identify and address
possible limitations. The data used in the
approach originates from project-specific LCA
studies, material flow analysis (MFA) or multiregional input-output (MRIO) analysis, which can
be ‘scaled up’ to EU or national level using
material flow modelling.

Potential limitations arising from scoping should
be reflected upon, such as the volume of GHG
emissions not taken into account because of
difficulties in allocating them to the sector under
consideration or because they are of low
importance.

The six steps are illustrated in the figure below
and summarised in the following paragraphs.

Figure 1.1 Overview of the six steps of the methodology and their outputs.

OUTPUTS

STEPS
Step 1:
Scoping

Step 2:
Identification of CE actions

Step 3:
Identification of CE actions’ impacts on material demand
and relevant emission sources in the chosen sector and
adjacent sectors

Step 4:
Quantification of CE actions’ impacts on (specific) CO2
emissions along the value chain/life cycle

Step 5:
Upscaling impact on CO2 emissions for the whole sector

Step 6:
Linking of results to the existing reporting categories
(UNFCCC CRF and ETS)



Scoping of the sector, materials and products



Scoping of the main sources of emissions using MRIO



Assessment of limitations due to scoping



Long list of CE actions and rapid assessment of their impact,
applicability, feasibility and measurability



Short list of most promising CE actions



LCA data of CE actions' changes to material demand and
CO2 emissions of a material or product
Assessment of CE actions' applicability, feasibility and
rebound effect for the scaling-up of CE actions




Assessment of data quality, and sensitivity analysis



Baseline material flow analysis



Impact of CE actions on material flows and transport
demand analysis along the life cycle/value chain



Scenario analysis of the impact of CE actions, scaled up at
EU level



Sensitivity analysis of the results



Allocation of emissions to UNFCCC categories and to ETS or
non-ETS sectors
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Step 2 defines and categorises CE actions
according to their contributions to either
material efficiency, to substituting higher- with
lower-impact materials, or to recirculating
materials or products (recycling and reusing). A
generic list of CE actions applicable to any sector
is presented, which can be adapted to a
particular sector.
CE actions are identified per lifecycle stage of
products (product design, production processes,
consumption models, and waste management)
and described in sufficient detail to support the
drawing up of a long list of actions. Each action
undergoes a rapid assessment based on
literature, evidence and data regarding impact,
applicability, feasibility and measurability.
The rapid assessment is not intended to be a
final decision tool, but it serves to collect first
data about the actions and to draw up a short list
of the most promising CE actions.
Step 3 then assesses the impact of the shortlisted CE actions on material demand and
relevant emission sources. This is a data
collection step to prepare for scaling up of CE
actions’ impact to EU level and informing the
assumptions that will be used in MRIO modelling.
Data sources include literature, life cycle
inventories and documented estimations.
This step assesses impacts of the CE actions
compared to a baseline, as well as their feasibility
and applicability. Sensitivity analyses are
required to reveal uncertainties and their
relevance to the results. This step also collects
evidence of the likelihood of a CE rebound effect.
Step 4 focuses on the quantification of CE
actions' impact on GHG emissions along the
value chain. Based on the work carried out in
Steps 1 to 3, the appropriate methodological
approach is selected for further analysis:
• bottom-up material-based approach if
individual materials can be identified as the
main emission sources in the sector of
consideration, or
• top-down MRIO approach if a multitude of
materials is relevant in the sector of
consideration.
The depth and boundaries of the analysis depend
strongly on the results of the analysis carried out
in step 1.

In Step 5, the effects of all CE actions are
combined at EU- and sector-level using a
scenario approach. For this purpose, scenarios
with different ambition levels (high/medium
diffusion of CE actions) and/or framework
conditions are developed (e.g. CO2 factor for
electricity). Important assumptions and
parameters should undergo sensitivity analysis
to give a transparent account of the results'
uncertainties.
Step 6 further describes GHG emission
reductions and increases by allocating them to
UNFCCC common reporting format (CRF)
categories as well as to ETS and non-ETS
categories.
The former classification helps to better
describe in which (sub-)sectors the emission
changes take place. The latter allocation to ETS
and non-ETS may help to identify whether the
CE actions can help EU Member States to reach
their set targets under the Climate Action
Regulation, which sets national targets for the
non-ETS emissions, or whether the actions can
help operators of facilities covered by the ETS.
Both thus support policy design.

Results of the analysis for the buildings
sector
The process for listing and selecting CE
actions for assessment led to the shortlisting
of the following 8 CE actions (see Table 1.1)
for this stud y. These actions were selected
for their high potential impact and
applicability because they target high-impact
materials currently used in large quantities in
the build ings sector (cement/concrete steel4).
In ad d ition, actions with a high potential
impact such as the use of timber as an
alternative construction material in buildings
were also considered.
The selection process took into consideration
four criteria of the assessment: impact,
applicability, feasibility, measurability. Table 1.1
below shows the selected actions for the
shortlist. For each of the actions, the
assessment aimed to include different high
impact materials and products that
characterise the buildings sector.

4 Due to its lower relevance for the building sector compared to cement/concrete only a limited
number of actions were modelled for the steel industry.
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Table 1.1 Shortlisted building sector actions for quantification.
Lifecycle stage

Related materials and products

Action
•

Reduce the use of material at design
stage (reducing overspecification)

•
•

Steel use in all buildings
Concrete use in all buildings

•

Reuse building materials/components

•
•

Structural steel
Structural (pre-cast) concrete use in
non-residential buildings

•

Extend buildings’ lifetime by renovating
rather than demolishing and rebuilding

•

Concrete use in residential buildings

•

Design buildings for disassembly

•

Concrete use in all new buildings

•

Use timber as the structural material in
buildings instead of mineral materials

•
•

Residential buildings
Non-residential buildings

Production
Processes

•

Use other types of cement as a
substitute for ordinary cement

•

Cement use in all buildings

Consumption
Models

•

Optimise the use of space in buildings
(intensifying building use, in number of
users per square metre)

•

Concrete use in non-residential
buildings
Concrete use in residential buildings

Waste
management

•

Recycle building materials

•

Product
Design

Buildings’ construction and operations
(including material manufacturing, transport,
etc.) accounted for 36% of global final energy
use and 39% of energy-related CO2 emissions in
2017.5 Materials production for buildings is a
major contributor of GHG emissions and the
main source of emissions across a building’s
lifecycle.6
For the building sector, one of the most
important materials and contributors to CO2
emissions is the manufacturing, transport and
use of cement/concrete, followed by the use of
steel for construction. Both are discussed in
more detail in this study.
Figure 1.2 shows the modelling results along the
building lifecycle for individual CE actions under
the assumption of high ambition (maximum
diffusion of single actions). The emission
reduction is shown as the difference to the base
case. Results show that for example the
Reduction of overspecification in the product
design stage of the lifecycle could lead to
significant reductions in CO2 emissions, while
Design for building lifetime extension and
disassembly show only small effects.

•

Cement collected from demolition of
all buildings

This is due to the study’s consideration of
impacts until 2050, during which time few of the
new buildings built between 2020 and 2050
may actually be dismantled (assuming an 80year lifetime). Therefore, the availability of
reusable building elements that have been
designed for disassembly is limited and the
effect of the action appears rather small -- but
would be larger with a longer time scope. As a
consequence, findings should be read carefully
as there are some uncertainties due to either too
few data points, regional focus of the available
data, scope of applicability of the data,
exclusion of CE rebound effect, and study
scoping decisions.
In general, however, it can be said that there are
high CO2 savings potentials along all stages of
the product life cycle, which still need to be
exploited.
A further need for research that could not be
covered by this study is the identification and
analysis of alternative consumption models,
which in this study was limited to the
optimisation of the use of space in buildings.

5

International Energy Agency and the United Nations Environment Programme. (2018). 2018 Global Status Report:
towards a zero-emission, efficient and resilient buildings and construction sector.
6

Material Economics. (2018). The Circular Economy - a Powerful Force for Climate Mitigation.
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"

There are high CO2 savings
potentials along all stages of the
product life cycle, which still need
to be exploited.

Figure 1.2 Representation of the individual contribution of CE actions for both steel and cement to CO2 emission reduction (in
MtCO2) building lifecycle (100% diffusion)

Source: Fraunhofer ISI

However, these actions partly interact with each
other, i.e. if one action is implemented first, the
effect of another action might be reduced. The
combined impact of all modelled actions is thus
lower than the sum of the calculated impacts of
the individual actions.
The combined effects of the analysed actions in a
high ambition scenario (100% diffusion of all CE
actions) show an overall reduction potential of
CO2 emissions by 130 Mt (-61%) compared to the
base case (from 212.6 Mt to 82.5 Mt; see Figure
1.3). For the cement industry, the emissions from
manufacturing, transport, construction activities,
embedded emissions in concrete aggregate and
indirect emissions from electricity use have been
included in the base case modelling. For the steel
industry, a simplified approach only considering
manufacturing-related emissions has been chosen.
The combined effects of the analysed CE actions
differ from the single CE actions’ effects shown
above due to interaction effects between CE
actions.
The figure below represents two possible
arrangements for implementing CE actions:

1. Figure 1.3: along the lifecycle phases
(design, manufacturing, fabrication, enduse, end of life);
2. Figure 1.4: in reversed order of action along
the lifecycle phase starting from the end of
the lifecycle.
Comparing these two approaches shows
substantial changes in the individual actions'
apparent contributions. For example, if starting
the implementation of CE actions in the model
from the end of the lifecycle (Figure 1.4), the
impact of end-use and manufacturing related
actions in the cement industry is more or less at
the same magnitude (manufacturing related: 44
Mt, end-use related: 47Mt). If using an
implementation order along the life-cycle phases
(Figure 1.3), the impact of manufacturing-related
actions is comparatively stronger.
The interaction of the investigated CE actions is
thus an important aspect to consider when
modelling CE actions’ impacts, as they strongly
depend on the specific action mix. To identify the
most relevant and important actions for the
highest overall impacts, both perspectives
(individually, as for example presented in Figure
1.2 and Table 5.7) as well as their contribution in
an integrated scenario, should be considered.
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Figure 1.3 Cement and steel: Representation of the contribution of individual CE actions to the CO2-emission reduction in the high ambition scenario by
source category (interaction effects mostly accounted for in manufacturing-related CE actions).

Source: Fraunhofer ISI
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Figure 1.4 Cement and steel: Alternative representation of the contribution of individual CE actions to the CO2-emission reduction in the high ambition
scenario by source category (reverse calculation order of CE actions with interaction effects mostly accounted for in the end use-related actions).

Source: Fraunhofer ISI
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The CE actions analysed for the building sector
realise emission reductions mainly in the CRF
categories 2.A.1 (process emissions from
manufacturing of cement), 1.A.2.f (emissions
from energy consumption from manufacturing of
non-metallic minerals) and 1.A.2.a (emissions
from energy consumption from manufacturing of
iron and steel). As the ETS covers manufacturing
of cement and steel, most of the emission
savings from the CE actions are attributable to
the ETS.

Main challenges
The analysis carried out for the buildings sector
showed that the design of the model used to
upscale the CE actions' impact depends heavily
on the investigated sector and its properties.
Both thorough expertise of the specific sector as
well as rigorous scoping are necessary to create
a representative model. When doing this, a
compromise must be struck between complexity
and detail on one hand, in order to integrate
different types of CE actions in a satisfying way,
and accessibility and robustness of the model on
the other.
• Limitations of project time and resources
have been a major challenge for this study.
The limited resources did not allow all the
uncertainties mentioned below and within
the report to be addressed and resolved.
Priorities had to be set in terms of content
and methodology, and these are presented
transparently in the report below.
• Data limitations create uncertainty on the
impacts of CE actions at EU or even
national level and are a major challenge for
conducting the assessment. Often, only
limited data is available for selected
countries or best-practice cases. It has been
the purpose of this project to gather such
scattered information in order to arrange it
in the form needed for the quantitative
modelling.

Often, only limited or generalized data is
available, which makes it necessary to make
assumptions or simplifications in the
modelling. These add uncertainties to the
results. The shown scenarios in this study
will certainly still have gaps; however, the
most influential data points for the material
flow, energy demand and CO2 emissions, as
well as a confidence estimates, have been
made transparent within the report. In
addition, selected sensitivity analysis reveals
drivers that in the future need to be
addressed with special care.
• Modelling CE actions’ impacts on
transportation of basic materials and
consumer goods is a very complex
topic, which certainly deserves to be
considered in a project specifically set
up for this purpose. In the present
study, it was not possible to do justice
to this complexity due to limited
resources. However, simplified
approaches for the consideration of the
transport of cement/concrete were
integrated. Further work in this area
could draw on existing transport
models (e.g. ASTRA7) and combine
them with the approach presented
here.
• The combined effect of CE actions in
the modelling approach presented
depends strongly on the order of
implementation chosen (as described
above). As a consequence both
perspectives (first, the individual action
impact perspective, and, second, the
integrated scenario perspective) should
be considered when analysing the
related climate mitigation impacts. This
distinction was made in this study and
is also recommended for further work.

• Lack of empirical data on material flows is
another important challenge for the impact
assessment. Taking into account existing
statistics on production and consumption
(if available), the material flow analysis for
basic materials requires intensive research
of various literature sources in different
fields of expertise (physical material flows,
material consumption in the end-use
sectors, energy demand, emissions,
transport/trade).

7http://www.astra-model.eu/
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Study limitations
Building and testing the generic methodology
within the time frame available led to the
following key limitations of the study:
• The study does not provide real life
estimates of saving potentials that can be
achieved directly in each of the EU Member
States. Rather, the report provides an
indication of generic potentials that cannot
be interpreted as a prognosis of future
developments. It can only give a modelbased indication of theoretical potentials
under the specific assumptions made. These
have to be checked on a case-by-case and
country basis in reality (e.g. technical
restrictions, policy and regulatory
framework, societal barriers, etc.).
• The study defines CE actions as practical
measures implemented by market actors or
utilities (e.g. waste management) with direct
impacts on material demand, waste
generation, and related changes in CO2
emissions. This contrasts with policy
measures implemented by policy-makers to
foster and mainstream the application of CE
actions. Therefore, this study does not
address policy design for CE measures to
achieve decarbonisation. However, it could
support policy design by addressing
theoretical potentials of single and
combined CE measures, which can be fed
into a policy impact assessment. This can
include elements of LCA and macroeconomic modelling but also broader socioeconomic assessments8.
• The study does not account for the
importance of potential CE rebound
effects, as the review of literature showed
that conducting such an assessment would
have required a separate analysis of the
macro-economic trends related to market
price, composition and growth effects for
given materials or products within a sector
(see Vivanco, Sala & McDowall, 2018)9 . This
was beyond the scope of this study. Further
quantitative research is necessary in this
field.
• A CE can only be effective in practice if an
overarching approach is taken an
implemented. For instance, the potential
benefits of eco-design are unlikely to
materialise without appropriate facilities and
incentives for producers and consumers.

This is also apparent in the building sector,
where modular design concepts are feasible,
but where the lack of a well-functioning market
for disassembly and reuse hampers uptake. This
study does not make assumptions in this regard
and only considers the effect of reversing the
order of actions.

Recommendations of the study
In light of the lessons learned from the process of
developing the methodology and its application
to the buildings sector, the study authors make
the following recommendations:
• Conduct LCA and expert interviews on
products in different geographies, including
benchmarking studies to feed more
representative results into the methodology
proposed in this study.
• Conduct further research on the demand
structure outside the EU (for products
produced within the EU) to provide
sufficient knowledge on how an EU circular
economy can affect CO2 emissions in this
context.
• Conduct further research on material
demand for different end-use sectors to
allow a more detailed representation of
demand and CE action impact (e.g. as
regards the EU building stock, including
different building types).
• In subsequent application of the
methodology, make sure to determine the
applicability of a CE action to a sector’s
products (e.g. all residential housing, or only
single-family homes, etc.) through expert
discussions and transparently report
decisions to show the intention of the
assessment (such as to show the maximum
impact potential of CE actions assuming
100% diffusion).
• Conduct specific studies on the potential CE
rebound effect for different products.
• Test the approach on other sectors, e.g.
textiles, plastics, electronics.
• When applying the methodology, put high
emphasis on rigorous scoping (Step 1) to
identify the most relevant emission sources
and focus modelling effort on those
emissions.

9

Vivanco, D., Sala, S., McDowall, W. (2018). Roadmap to rebound: how to
address rebound effects from resource efficiency policy.
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Preparing the application of the
methodological approach to additional sectors
In a final analytical step, the study considered the
applicability of the methodology for other relevant
sectors – with any actual methodology application
taking place in separate, follow-up projects aiming
to verify the replicability of the approach and
refine it. Sector selection was based mainly on an
initial assessment of the necessary data and on
preliminary considerations about how the
methodology would apply step-by-step. Due to
their environmental and socio-economic relevance
in a circular economy, textiles, plastics and
electronic goods were chosen. These sectors
furthermore constitute interesting cases for
considering potential application in highly
globalised sectors or sectors with more complex
material compositions than the buildings sector.
Overall, our initial assessment shows that the
methodology can generally be applied to the
textile, plastics and electronic goods sector.
However, due to the complex nature of value
chains and material compositions in these sectors,
the scoping (step 1) needs to carefully set the
system boundaries in relation to
(dis)aggregation of upstream value chain stages
and inclusion/exclusion of certain types of
embodied emissions (e.g. bunker fuels).
Furthermore, applying the domestic technology
assumption requires good justification and
sensitivity analysis, as for highly globalised
sectors, it may affect results of applying the
methodological framework. Because of globalised
value chains, defining CE actions
(step 2) appears more difficult because upstream
value chain stages usually cannot be tackled by EU
domestic policies. This is likely to limit integration
of product design stages via EU CE actions and to
increase a focus on CE actions on product use and
end-of-life lifecycle stages. This reduces the
choice of CE actions that the modelling can then
quantify in subsequent steps.

Steps 3, 4 and 5 also appear equally applicable to
the textiles, plastics and electronic goods sectors.
However, the globalised and complex nature of
value chains and materials or goods (i) complicates
the definition of a baseline to which the CE action
should be compared, and (ii) leads to differing
degrees of data quality and availability, which puts
more emphasis on making assumptions and thus
requires even more uncertainty checking by
sensitivity analysis as well as additional research.
Due to the wide sectoral coverage of the UNFCCC
CRF and ETS (step 6), results for the textiles,
plastics or the electronic goods sector can also be
linked to the existing reporting categories.
However, defining emission sources is not
straightforward for electronic goods because this
sector produces a broad range of products and
CO2 emissions arise during production (from
energy consumption as well as from processes and
product use) or recycling as well as during the
lifetime of a product.
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