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1.

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 CO2-intensive 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).

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
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 multi-regional input-output (MRIO) analysis, which can be ‘scaled up’ to EU
or national level using material flow modelling. 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.

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. 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.
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.
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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 short-listed 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 study. These actions were selected for their high potential
impact and applicability because they target high-impact materials currently used in large quantities
in the buildings sector (cement/concrete steel4). In addition, 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

Action

Related materials and products

Product
Design

•

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

•

•

Cement collected from demolition of all
buildings

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.
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 80-year 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.

66

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

Reuse structural
concrete elements

Reduce overspecification (concrete)

Recycle cement in
concrete waste
using innovative
technology

Design for building lifetime
extension and disassembly

Reuse structural
steel

Optimise the use of
space in buildings

Waste
management

Product design

Consumption
models

Production
processes

Reduce overspecification (steel)

Innovative cement types

Lower clinker share

Use timber as the
structural material
in residential
buildings

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, end-use, 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.

6/124

Ramboll - QuantificAtion methodology for, and analysis of, the decarbonisation benefits of sectoral circular economy actions

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.

•

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). 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.

7

http://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
model-based 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 policymakers 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 socio-economic assessments.8

•

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.)

9

Vivanco, D., Sala, S., McDowall, W. (2018). Roadmap to rebound: how to address rebound effects from resource efficiency policy.
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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.

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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2.

CONTEXT OF THE STUDY
2.1 Background and definition of the circular economy
According to the Ellen MacArthur Foundation, the circular economy (CE) can be defined as an
economy that is “restorative or regenerative by design and aims to keep products, components,
and materials at their highest utility and value at all times, distinguishing between technical and
biological cycles”10. The European Commission further defines the CE as an economy “where the
value of products, materials and resources is maintained in the economy for as long as possible,
and the generation of waste is minimised”11. According to the EEA, the circular economy aims at
minimising waste generation and material inputs through eco-design, recycling and reusing of
products.12
In contrast to a ‘circular’ economy, the current economy can be referred to as ‘linear’ because
products are mostly made from virgin raw materials into so-called ‘primary products’, and only a
small share of these primary products are reused or recycled to make ‘secondary products’. 13 The
circular economy represents an important paradigm shift requiring that new business models are
adopted which value reused and recycled materials, or which are based on extending the financial
service value of existing assets rather than producing new assets.14

2.2 Challenges to the realisation of a circular economy
The CE offers significant potential for climate change mitigation, as it helps reducing greenhouse
gas emissions that occur over the life cycle of a product from production to disposal (or cradle to
grave). However, there are currently significant barriers to achieving a CE in the EU and the world:
some of these barriers are societal, but also technical, economic and political.
As recent research has shown, there are also still inherent challenges to the transition to a CE. One
of these challenges is the circular economy rebound, a term proposed by Zink and Geyer (2017)15
and based on the similar concept of energy efficiency rebound: “Circular economy rebound occurs
when circular economy activities, which have lower per‐unit‐production impacts, also cause
increased levels of production, reducing their benefit.”
The CE rebound is due to secondary products’ and materials’ limited ability to substitute primary
products and materials, but also to the potential price effect from marketing of secondary products
at a lower price, which induce higher consumption of the product and therefore higher CO2 emissions
as a result. Another potential effect are changes in material prices triggered by demand reduction.

10

Ellen MacArthur Foundation, Sun, and McKinsey Center for Business and Environment. (2015). Growth Within: A Circular Economy Vision for a

Competitive Europe, Ellen Mac Arthur Foundation, Sun, and McKinsey Center for Business and Environment. Page 45.
11

European Commission. (2015). Closing the loop – An EU action plan for the Circular Economy, COM(2015)614 final, Brussels. Page 2.

12

EEA (2016). Circular economy in Europe – Developing the knowledge base, EEA Report No 2/2016, European Environment Agency. Page 9.

13

The current global economy has been estimated to be 9% circular, according to the Circularity Gap report 2019. The EU economy has been

estimated to be 11% circular, according to the circular material use rate calculated by Eurostat
(https://ec.europa.eu/eurostat/databrowser/view/cei_srm030/default/table?lang=en).
14

Circle Economy. (2019). Circularity Gap report 2019. Page 14.

15

Zinc and Geyer (2017): Circular Economy Rebound. Journal of Industrial Ecology. DOI: 10.1111/jiec.12545
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2.3 Policy response
The European Commission has carried out initiatives to facilitate the change from a linear to a
circular economy. The initiatives listed below are some of the most important initiatives addressing
CE both directly and indirectly.
The 7th Environmental Action Programme (EAP)16 laid out by the European Commission, is
intended to help guide EU action and policy on environment and climate change up to and beyond
2020. The programme sets “a common strategy that should guide future action by the EU
institutions and the Member States, who share responsibility for its implementation and the
achievement of its priority objectives”17. Through the vision of “Living well, within the limits of our
planet” set by the 7th EAP, priority objectives are defined, linking both directly and indirectly to
circular economy:
•
•
•
•
•
•
•
•
•
•

To protect, conserve and enhance the Union’s natural capital.
to turn the Union into a resource-efficient, green, and competitive low-carbon economy
to safeguard the Union's citizens from environment-related pressures and risks to health and
wellbeing
to maximise the benefits of the Union’s environment legislation by improving implementation
to increase knowledge about the environment and widen the evidence base for policy
to secure investment for environment and climate policy and account for the
environmental costs of any societal activities
to better integrate environmental concerns into other policy areas and ensure coherence when
creating new policy
to make the Union’s cities more sustainable
to help the Union address international environmental and climate challenges more effectively.

The second priority objective places particular emphasis on CE principles that include turning waste
into a resource, promoting prevention, re-use and recycling and reducing landfilling. The 7 th EAP
specifically mentions implementation of Union waste legislation, which applies the waste hierarchy
in accordance with the Waste Framework Directive (Directive 2008/98/EC)18 Article 4, which states
that “The following waste hierarchy shall apply as a priority order in waste prevention and
management legislation and policy: (a) prevention; (b) preparing for re-use; (c) recycling; (d) other
recovery, e.g. energy recovery; and (e) disposal.”
Specific targets are set for the collection and management of certain wastes in the EU waste
legislation. For example, the Waste Framework Directive19 requires that “by 2020, the preparing
for re-use, recycling and other material recovery, including backfilling operations using waste to
substitute other materials, of non-hazardous construction and demolition waste excluding naturally
occurring material defined in category 17 05 04 in the list of waste shall be increased to a minimum
of 70 % by weight.”
In 2015, the European Commission set its Circular Economy Action Plan (CEAP)20 to guide the
transition to a more circular economy, where the value of products, materials and resources is
maintained in the economy for as long as possible, and the generation of waste minimised in
contribution to a sustainable, low carbon, resource efficient and competitive economy.

16

http://ec.europa.eu/environment/action-programme/

17

European Commission (2014). 7th EAP – The new general Union Environment Action Programme to 2020

18

European Commission (2014). General Union Environment Action Programme to 2020: Living well, within the limits of our planet

19

Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste and repealing certain Directives

20

European Commission. (2015). Closing the loop – An EU action plan for the Circular Economy, COM(2015)614 final, Brussels
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More recently, the European Green Deal21 foresees the development of a new circular economy
action plan, with a focus on resource-intensive sectors such as textiles, construction, electronics
and plastics.

2.4 Previous studies on the relevance of CE for climate change
mitigation
This project builds on previous research, which has explored the potential for quantifying the
decarbonisation benefits of CE. The first of these studies, conducted by Trinomics in 2018 for the
EEA22, provides the basis for the present work and the premise that quantification is best applicable
for single (sub)sectors, such as construction, agri-food, etc. The 2018 study acknowledged
significant challenges, in particular related to evaluating the full impact on CO2 emissions of the CE
in all its diversity, the lack of robust and available data, and the cost of conducting the work. In
order to tackle these challenges, the 2018 study suggests tackling a prioritised list of circular
economy actions (CE actions) in any follow-up study. In that sense, the 2018 study proposed the
following list of high-impact sectors and priority materials and (some) corresponding CE actions:
1. Materials (notably plastics, but also metals and cement)
2. Food (reduction, improved packaging, nutrient recycling)
3. Construction (material substitution, modular design, smart crushers, space-sharing, prolong
lifetimes, deconstruction and reuse instead of demolition)
4. Waste management sector (recycling – overlap to some extent with recycling activities in other
sectors)
5. Automotive (car sharing, durability, improved end of life).
A literature review was also conducted as part of this report in order to inform the approach as well
as identify relevant data sources, in particular for the identification of CE actions and of their impacts
on demand (i.e. Steps 2 and 3 of Part 2). A full list of the literature reviewed for these steps can be
found in Appendix 1.

21

European Commission (2019). The European Green Deal, COM(2019)640 final, Brussels.

22

Trinomics (2018). Quantifying the benefits of circular economy actions on the decarbonisation of EU economy. Report prepared for the EEA.

Unpublished.
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3.

PURPOSE OF THE STUDY
The Paris Agreement on climate change has the objective to keep global temperature increase to
below 2°C and to pursue efforts to limit the increase to 1.5 °C above preindustrial levels. To achieve
these targets, energy intensive sectors will need to contribute significant emission reductions. In
addition to increasing energy efficiency, the use of renewable energy sources, secondary energy23
sources based on renewable energies and new low CO2 production processes, the question arises
what contribution changes in demand and production of CO2-intensive goods due to CE actions can
make. Although the latter is often mentioned as a possible option, so far little literature is known
to provide an overview of the significance of such demand changes.
The study focuses on developing a generic methodology to allocate CO2 emission reduction
potentials to CE actions and life cycle stages for various sectors (Part 1). This methodology will be
tested and implemented for the building sector, where a reduced scope of CE actions, prioritised
according to their CO2 emission potential, will be assessed (Part 2). Testing the methodology has
allowed to report on its applicability in Part 1 and to assess whether and how it could be applied to
another sector (Part 3).

23

Primary energy designates energy sources obtained after extraction or capture, with or without separation from contiguous material, cleaning or

grading. Secondary energy designates all sources of energy that result from transformation of primary sources. Source: United Nations. (1982).
CONCEPTS AND METHODS IN ENERGY STATISTICS WITH SPECIAL REFERENCE TO ENERGY ACCOUNTS AND BALANCES. Pages ix and x.
Retrieved from: https://unstats.un.org/unsd/publication/SeriesF/SeriesF_29E.pdf
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4.

PART 1: LAYING THE GROUNDWORK FOR SECTORAL
QUANTIFICATION STUDIES
Part 1 develops a general methodology to quantifying and analysing the decarbonisation benefits
of sectoral CE actions.
The CE is an increasingly discussed concept in EU industry, civil society, academia and policy. A key
question in the field is how to define circularity in different sectors, and what actions contribute to
the circularity of a sector. Therefore, the latest knowledge on the topic is gathered in order to
identify promising CE actions.
The proposed approach relies on a conventional understanding of life cycle thinking which can be
applied in different economic sectors to assess the CO2 emissions of the sectors’ products in a linear
economy scenario (reference scenario) compared to when circularity principles are employed
(medium- and high-ambition circularity scenarios, see section 4.5). The data used in the approach
originates from project-specific LCA studies, material flow analysis (MFA) or multi-regional inputoutput (MRIO) analysis applied to assess potential CO2 emission reductions of CE actions, which
can be ‘scaled up’ to EU or national level using material flow modelling.
Then, a way to report this data in UNFCCC CRF tables is proposed to support the EU and Member
States in accounting for the contribution of these actions to climate change mitigation.
The methodology comprises six steps, summarised in Figure 4.1 below. It is a generic methodology
aimed to be applicable to any sector.
Note that Appendix 2 of this report contains a register of the characteristics of the methodology
developed in Part 1 and its application to the buildings sector in Part 2, presenting scoping decisions
and caveats, as well as their impacts on the results.
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Figure 4.1 Overview of the six steps of the methodology and their outputs.

The methodology presented in this report was tested on the building sector in Part 2, allowing to
draw lessons learned on the methodology’s applicability.

4.1 Step 1: Scoping
The first step of the proposed quantification methodology consists of a scoping of the sector to be
analysed as well as the main materials and products relevant in this sector. The scoping consists of
three main steps: first, defining sectoral boundaries; second, determining the main emissions
sources within these boundaries and third, assessing the potential limitations of the subsequent
analysis based on the characteristics of the sector.
Defining sectoral boundaries
The sectoral boundaries are defined in order to establish an unambiguous reference frame. For the
scoping, the Statistical Classification of Economic Activities in the European Community (NACE) 24 is
used. NACE is the standard EU classification system for economic activities. The full list of activities
can be found on the EUROSTAT website.25 The subsequent analyses may not strictly adhere to this

24

The term NACE is derived from the French “Nomenclature statistique des Activités économiques dans la Communauté Européenne”.

25

https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF
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classification since system boundaries sometimes differ between methodologies. However, where
this is the case, differences should be explicitly stated and the implications discussed.
Determining the main emissions sources
Since emissions can emerge from activities within a sector or from embodied emissions contained
in the material inputs a sector receives from other European and non-European sectors, it is
necessary to relate the sector to the surrounding production system. Next to a geographical
distinction of emission sources (EU vs. non-EU), it is useful to distinguish between direct and indirect
emissions. The former describe emissions associated with direct inputs into a given sector, e.g.
cement for construction. The latter describe emissions that arise along the entire supply chain of
the inputs into the sector, e.g. proportionate emissions arising during the construction of the cement
plant etc. For an illustration of sectoral boundaries and emission types, see Figure 4.2. These
emission types can be distinguished by using environmentally extended multi-regional input-output
(EE-MRIO) databases. MRIO tables portray the interlinkages of the global economy in a consistent
and harmonised way (inter alia, by using standardised economic classifications, such as NACE).
With the help of extension tables, environmental impacts emerging along global supply chains can
be allocated to individual sectors, which provide goods and services. The use of publicly available
EE-MRIO tables ensures a transparent and comparable scoping of sectoral emissions.
For informational purposes, emissions related to grid-supplied energy are included in the scoping.
However, actions targeting at the reduction of grid-supplied energy are left out in the subsequent
analyses due to the existence of well-established methodologies for assessing the CO2 impacts of
actions related to energy efficiency and renewable energy deployment.
Figure 4.2 Illustration of system boundaries for scoping.

Sector boundary

Direct emissions
Outputs
to EU

Indirect
inputs

Outputs
to RoW

Direct
inputs

Indirect emissions
Indirect
inputs

Direct
inputs

EU boundary
Source: own illustration
Note: RoW stands for rest of the world.

Considering embedded emissions
Embedded emissions are included in a product due to the complexity of global supply chains, which
create emissions at every stage of the product’s lifecycle. In order to account for embedded
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emissions, the system boundary has to be defined accordingly in Step 1. In MRIO analysis, global
supply chains are holistically portrayed and therefore allow for a complete accounting of embedded
emissions. In the case of the other approaches suggested for the subsequent steps of the
quantification methodology, system boundaries have to be defined for each sector separately
because embedded emissions are not automatically included. Typically, the system boundary will
be drawn at a point where the embedded emissions can be considered low compared to the
emissions generated within the system. In principle, the following embedded emissions can be
included in the consideration:
•

emissions from processing outside of the system (e.g. copper ore refining on the mining site
before export)
emissions from transport to the system (e.g. shipping from copper mining country to the
investigated system)
upstream emissions (e.g. allocated from emissions during mining equipment production, the
transport equipment and the manufacturing plant)

•
•

At the level of end-use goods, LCAs need to be conducted, especially for upstream emissions (e.g.
linked to the production of exported goods) in order to enable a justified inclusion and exclusion of
certain parts of the value chain. Such decisions must be sector specific to accommodate for the
respective relevance of different parts of the value chain per sector. To give an example: while
upstream emissions seem of little relevance for the building sector (because there is hardly any
export of building materials and components from the EU to other regions; see Part 2 of this study
for testing of the generic methodology on the buildings sector), other sectors may use inputs (and
supply outputs) with considerable embedded emissions (e.g. refinery, chemical industry,
agricultural goods)26. Therefore, the scoping needs to clearly differentiate and justify per sector,
which embodied emissions are included and which are not.
Differentiating emission reductions internal and external to the EU
Current practice in reporting national GHG inventories excludes embedded emissions in goods
arriving from outside of EU boundaries (lower arrow on the left of Figure 4.2). As described above,
the methodological possibilities of including embedded emissions stemming from outside Europe
should, however, be investigated as CO2 emissions are a global problem. The MRIO approach
described below for the identification of the major emissions sources within the respective sectors
also reveals embedded emissions on the level of NACE sectors. For emission sources identified in
this way, a quantitative assessment of embedded emissions therefore appears feasible within the
scope of the project.
As will be described in more detail below, for some sectors, a more detailed material flow approach
will be used to assess the CO2 mitigation potential of CE actions. In such cases, the definition of
value chains for individual products and materials is necessary, including border-crossing ones. If
the available information is detailed enough, a clear differentiation between EU internal and EU
external production and hence emission savings of CE actions is possible (cf. Figure 4.2). However,
for each sector, this definition of border-crossing products and materials has to be made
individually, with consideration of trade flows (and most likely abstraction of subtypes of the product
or material).
Identifying the status quo emissions of a sector
The MRIO database used for the scoping is EXIOBASE, which is one of the most detailed MRIO
databases available (cf. Stadler et al., 201827). EXIOBASE covers 49 countries/world regions, 200
26

Embedded emissions will therefore be part of the methodology development in Task 1 but largely excluded from the analysis in Task 2.

27

Stadler, K., Wood, R., Bulavskaya, T., Södersten, C.-J., Simas, M., Schmidt, S., Usubiaga, A., Acosta-Fernández, J., Kuenen, J., Bruckner, M.,

Giljum, S., Lutter, S., Merciai, S., Schmidt, J. H., Theurl, M. C., Plutzar, C., Kastner, T., Eisenmenger, N., Erb, K.-H., de Koning, A., and Tukker,
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production sectors and a number of environmental extensions. Figure 4.3 depicts the basic supply
and use structure of EXIOBASE. The sectors are denoted in the NACE Rev. 1.1 classification28. These
production sectors in turn receive inputs from other sectors, and so forth, including all associated
emissions.

Figure 4.3 Illustration of the structure of the EXIOBASE database.

Source: http://www.exiobase.eu/
Note : mr stands for multi-regional.

The main status quo emission sources of the considered sector are determined by calculating the
emissions embodied in the direct as well as indirect intermediate inputs of that sector. These inputs
can come from inside as well as outside the EU28.
The calculations are performed with Version 3.4 of EXIOBASE, which contains tables up to the year
2011. Due to the high data and harmonization requirements, the most recent versions of MRIO
databases usually date back a few years. Therefore, the absolute values of emissions may not be a

A. (2018). EXIOBASE 3: Developing a Time Series of Detailed Environmentally Extended Multi-Regional Input-Output Tables. Journal of Industrial
Ecology, 45(3):539.
28

See Eurostat: https://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_CLS_DLD&StrNom=NACE_1_1
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good indicator of current emissions. However, the structural relationships between sectors do not
change so drastically over time, so the relative distribution of emission sources can be assumed to
be relatively up-to-date.
In EXIOBASE, all EU28 Member States (MS) are portrayed separately, so in a first step, the direct
inputs from all sectors and countries into the considered sector in each of the 28 EU countries are
summed. For this, the matrix of intermediate deliveries between all sectors and countries 𝒁 is
used29:
28

𝒛𝑠𝑒𝑐𝑡 = ∑ 𝒛𝑗𝑠𝑒𝑐𝑡
𝑗=1

where 𝑖 is a row index and 𝑗 is a column index, and 𝒛𝑗𝑠𝑒𝑐𝑡 already contains only the inputs into the
European sectors under consideration:
𝒛𝑗𝑠𝑒𝑐𝑡 = 𝒛𝑘 for 𝑘 = 𝑗 ∙ 200 − (200 − 𝑠𝑒𝑐𝑡𝑛𝑢𝑚); 𝑗 = 1, … ,28
where 𝑠𝑒𝑐𝑡𝑛𝑢𝑚 indicates the number of the sector under consideration in the list of 200 sectors and
𝑘 is a running index indicating the location of the considered sector of each country in the full
intermediate delivery vector. In the case of construction, 𝑠𝑒𝑐𝑡𝑛𝑢𝑚 equals 150 (see Table 8.2 in the
Appendix), while ℎ first takes on the value 150, too, and then moves on to 350, 550, and so on.
The emissions of these direct inputs into the sector under consideration can be calculated by
multiplying the emission coefficient matrix 𝑴 with the diagonal of the total of intermediate inputs:
𝑬𝑠𝑒𝑐𝑡 = 𝑴 ∙ diag(𝒛𝑠𝑒𝑐𝑡 )
This delivers a matrix of CO2 emissions per sector and country in terms of direct inputs into the
considered sector. After normalizing and aggregating over the different emission categories, the
sectoral results per country can be summed to overall sectoral contributions.
Indirect emissions, which contain all upstream emissions embodied in the intermediate inputs of
the sector under consideration, can be calculated by using cumulative emission coefficients 𝑴∗ :
∗

𝑬𝑠𝑒𝑐𝑡 = 𝑴∗ ∙ diag(𝒛𝑠𝑒𝑐𝑡 )
The cumulative material coefficients are in turn calculated by multiplying the direct emission
coefficients with the multi-regional Leontief inverse matrix 𝑳, which represents the cumulative
intermediate inputs of all sectors:
𝑴∗ = 𝑴𝑳
This again delivers a matrix of CO2 emissions per sector and country, however this time in terms of
direct and indirect inputs into the considered sector. Normalizing and aggregating over the different
emission categories again yields the overall sectoral contributions. The results can in addition be
split into emissions coming from within the EU and from outside.
Assessing the potential limitations of the subsequent analysis
Exclusion of emissions related to grid-supplied energy
As mentioned above, actions related to grid-supplied energy are excluded from the project. The
reason for this exclusion is that studies to assess the impact of energy efficiency improvements and

29

The notation follows the conventions of matrix algebra, where matrices are denoted as bold upper-case letters, vectors as bold lower-case letters

and elements as simple lower-case letters.
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renewable energy actions on CO2 emission saving potentials and corresponding methodologies
already exist to a large extent and were not be repeated within this project30.
This also serves to prevent the effects of fuel switch, energy efficiency measures, etc. from being
mixed with the effects of CE actions. Direct and indirect emissions related to the production of basic
materials (e.g. steel, cement and their energy- and process-related emissions) were nevertheless
included based on current technologies. While options such as traditional fuel switch to renewable
energy sources were not considered, material-related changes in energy consumption - e.g. due to
new cement types with a lower clinker content - were taken into account.
Future research projects could combine existing energy demand/system models with more material
related models/methodologies to assess common effects on CO2 emissions.
Staticity of MRIO data for forward-looking assessments
MRIO offers a static view of the state of sectors which thus does not ideally suit the purpose of this
study, which is to estimate changes due to CE actions until 2050. While this is certainly a limitation,
it seems difficult to carry out trend extrapolations or provide expert insights as these may not be
highly accurate in this long term forward-looking study. Static data is considered for this study the
best possible approach than attempting to envision future developments, as it was not within the
resources of the work to conduct trend extrapolations.
Next steps
The size of the gap in emissions not assessed due to scoping should be estimated where possible.

4.2 Step 2: Identification of CE actions
Defining and categorising CE actions
The identification of CE actions first requires scoping what actions qualify as contributing to the CE
as defined in the introduction, section 2.1.31 A broad definition of the CE is used, where the following
actions are considered CE actions if:
•
•
•

they contribute to reducing material use (material efficiency measures);
they substitute high impact materials with lower impact materials;
they recirculate products or materials and therefore more traditionally considered ‘circular’
(reuse/recycle measures)

For the purpose of this study, CE actions are defined as practical measures implemented by market
actors or utilities (e.g. waste management) with direct impacts on material demand and waste
generation. This contrasts with policy measures, which are implemented by policy-makers and
introduce policy mechanisms aiming to mainstream CE measures. This methodology focuses on CE
actions and does not prefigure the choice of policy instruments to achieve decarbonisation
objectives. We suggest instead that the choice of the right policy mix to achieve decarbonisation

30

Fleiter, T.; Herbst, A.; Rehfeldt, M.; Arens, M. (2019): Industrial Innovation: Pathways to deep decarbonisation of Industry. Part 2: Scenario

analysis and pathways to deep decarbonisation. ICF and Fraunhofer ISI.
https://ec.europa.eu/clima/sites/clima/files/strategies/2050/docs/industrial_innovation_part_2_en.pdf
Hartner, M.; Forthuber, S.; Herbst, A.; Fleiter, T.; Rehfeldt, M.; Kranzl, L.; Fritz, S.; Aichinger, E.; Müller, A.; Heitel, S.; Krail, M.; Köhler, J.;
Bernath, Ch.; Sensfuß, F. (2019): D.5.8: WP5 Summary Report - Energy Systems: Demand perspective. A report compiled within the H2020
project SET-Nav. Wien: Technische Universität Wien. http://www.set-nav.eu/sites/default/files/common_files/deliverables/D5.8%20SETNav_WP5_Summary_report_final.pdf
31

The European Commission (2015) defines the circular economy as an economy “where the value of products, materials and resources is

maintained in the economy for as long as possible, and the generation of waste is minimised”. According to the EEA (2016), the circular economy
aims at minimising waste generation and material inputs through eco-design, recycling and reusing of products.
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should be the topic of fully-fledged policy impact assessments, which can include elements of LCA
and macro-economic modelling but also broader socio-economic assessments.32
The actions are ordered per lifecycle stage of products. It is relevant to note that such categorisation
poses some challenges, as CE actions tend to originate in one lifecycle stage and impact others, or
could be considered within different lifecycle stages. The categorisation proposed here should
therefore not be considered as fixed. The most important criterion for categorising CE actions was
to avoid overlap and duplication of CE actions across multiple lifecycle stages by differentiating their
mechanisms of action. For instance, similar actions are found at Waste management stage and
Product design stages: on the one hand one action can increase reusable/recyclable material
availability thanks to waste management practices, on the other hand another action can make use
of reused products or recycled materials at design stage.
It is clear that some CE actions would need to be implemented together in order to deliver CO2
emission reduction. In fact, CE requires a systems approach to be effective. Following the same
example as above, an increase in recycled products availability must be matched with increased
use of recycled products. Overall, despite the approach used in this study to assess the impact of
CE actions individually, a more suitable approach should take CE actions’ interactions into account.
A long list of generic CE actions applicable to all sectors is presented in Table 4.1 below.

32

See for instance European Commission (2017) Better regulation toolbox ‘II. How to carry out an impact assessment’. Retrieved from:

https://ec.europa.eu/info/law/law-making-process/planning-and-proposing-law/better-regulation-why-and-how/better-regulation-guidelines-andtoolbox/better-regulation-toolbox_en
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Table 4.1 List of CE actions applicable to all sectors.
Product Design
•

Design for the use of less material in a product

•

Design products to extend their lifetime

•

Design for adaptability and flexibility of products to changing markets

•

Use layering principles to ensure entire products or goods’ service lives are utilised of the different components/layers

•

Design products with reused parts

•

Design products with recycled material

•

Design for product/packaging reuse, repair, refurbishment, remanufacture, disassembly and (as a last resort) recycling

•

Design to substitute abiotic (fossil/mineral) with bio-based materials

•

Design products to enable local material-sourcing and manufacturing (e.g. near-sourcing)
Production Processes

•

Reuse of products or parts of products (e.g. through reuse, repair, remanufacturing) instead of virgin products or parts

•

Use recycled material (e.g. from waste, manufacturing by-products, etc.) instead of virgin raw material

•

Improve the resource-efficiency of production processes
Consumption Models

•

Use circular consumption models e.g. collaborative economy and product-service-systems

•

Make reuse, repair, refurbishment and remanufacture a business model
Waste management

•

Enable reuse and recycling of good quality products, components or materials through selective
demolition/disassembly/separation at source

•

Reduce waste by keeping products in use rather than disposing of them

•

Reduce waste by channelling used products and waste towards reuse

•

Channelling used products and waste towards recycling

Identifying and qualifying sector-specific CE actions
From the generic actions above, specific sectoral CE actions are then identified and drawn into a
long list along the various life cycle stages (i.e., product design, production, consumption, waste
management) of a sector’s products. The actions should be described in sufficient detail to be
assessed in the next steps. This shall be done via a review of academic and grey literature, and,
where information from the review is scarce, via expert interviews.
Selecting CE actions to include in further analysis
The list of CE actions is shortened via a prioritisation process based on a rapid assessment of
literature, evidence and data found along four criteria:
•

•

Impact: the known potential impact of the action in terms of material demand or CO2 emission
reduction for a single product or sector-wide, before 2050. Impact takes into account the
applicability of the CE measure to the sector (e.g. share of product lines, share of material
production, etc.).
Applicability: the potential for the action to be applied to the sector and its products.
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•
•

Feasibility: the technical/social/economic feasibility of implementing the action in the sector.
Measurability: the possibility to measure the potential impact of the action on a sector’s
emissions, also depending on data availability and the relative need to make assumptions.

The assessment will lead to a grading of sector-specific actions from 0-3 along the three criteria.
Although the grading is based in literature to the extent possible, it remains a subjective assessment
based on available information. It is therefore not used as a final decision tool, but as a support to
short-listing. The grading is supported by a qualitative description of each action’s performance
along the criteria.
Table 4.2 Template table for describing CE actions for further analysis.

Score

Impact

Applicability

Feasibility

Measurability

0

No impact relative to
reference situation

Not applicable

Unfeasible before
2050

Impossible to measure
(lack of data)

1

Small impact relative
to reference situation

Feasible before 2050

Measurable with many
unknowns, leading to
the use of several
assumptions

2

Significant impact
relative to reference
situation

Very limited
applicability within the
specific
sector/applicable to
very few products of
the sector
Partial applicability to
the sector/applicable
to some products of
the sector

Feasible after 2030

3

Very high impact
relative to reference
situation

High degree of
applicability/applicable
to most products of
the sector

Feasible before 2030

Measurable using a
few sources/with
some unknowns,
leading to the use of a
few assumptions
Measurable thanks to
several sources and
little use of
assumptions

Note: Feasibility is also qualitatively assessed in terms of the technical, economic and social aspects of
implementing the CE action in the sector, including barriers.

4.3 Step 3: Identification of CE actions’ impacts on material demand
and relevant emission sources in the chosen sector and adjacent
sectors
Assessing the impact of CE actions on demand and relevant emission sources
The CE actions identified for the main products, materials and services of the sector with the largest
potential for reduction of CO2 emissions are assessed further in Step 3. This step prepares the
ground for later scaling up of CE actions’ impact to EU level by collecting the data needed and
informing the assumptions that will be used in modelling.
This step is structured along a series of questions which need to be answered. CE action sheets are
used to answer these questions individually per CE action (see Appendix 5).
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1. Definition of the scope of the CE action (based on Step 1 Scoping):
1.1. What are the sector’s activities affected by the CE action?
1.2. What types of materials and products are within the scope of the CE action?
2. Definition of the baseline:
2.1. What is the reference situation (product, material, technology, technique, process,
etc.) to which the CE action should be compared?
2.2. What are the current and projected trends for the CE action?
3. Identification of the impacts of the CE action:
3.1. What are the activity levels33 as a result of the CE action at the level of single products?
3.2. How can geographical differences influence impact?
3.3. Would a CE rebound effect be likely to occur with the implementation of the action,
either for the sector in scope or in another sector?34
4. Identification of the feasibility of the CE action:
4.1. To what extent can aspects of technical, social and economic feasibility affect the
implementation of the action?
5. Identification of the applicability of the CE action:
5.1. What is the share of the types of products, materials or processes within the sector
to which the impacts of the CE action can be applied?
Quantitative data for activity level indicators is collected through literature review, life cycle
inventories, or based on reasonable estimates obtained from experts.
The potential CO2 emission savings of the CE actions compared to a reference situation without the
CE actions are estimated using literature research and LCA data from different processes in the
sector (i.e. comparing impacts with a CE action and those in a ‘conventional’ non-circular process).
The difference may be expressed with regard to the material demand, the lifetime of the product,
or other indicators that can affect the quantity of material that is reduced or avoided thanks to the
CE action, and therefore the final CO2 emissions.
Addressing uncertainties related to data and calculations
Addressing data limitations
As LCA data may be limited, CE actions that are difficult to quantify may be assessed based on
qualitative case studies and anecdotal evidence. Limitations originating from the data used must be
stated explicitly. CE actions for which data is scarce and therefore subject to uncertainty are flagged
for sensitivity analysis, conducted in the subsequent Step 5. Sensitivities are applied by introducing
range—as opposed to single—values where data is insufficient to make precise estimates and where
there is suspicion of variation (e.g. due to regionality or other factors of variability). Ranges are
determined based on expert insight. For this study, range estimates were estimated roughly by
building sector experts and practitioners.
Capturing the CE rebound effect
The definition of the concept of the CE rebound effect was provided in section 2.2 above. The
rebound effect is linked to macro-economic trends related to market price, composition and growth
effects (see Vivanco, Sala & McDowall, 2018)35. Consequently, an estimate of the potential scale of
a rebound effect for a CE action can be included as part of LCA and macro-economic modelling by
introducing a mitigating effect on the expected change in activity levels, i.e. “as the percentage of

33

Activity level indicators may relate to the volume of material used for a product and therefore the total emissions associated with the material’s

production, its transport, its waste processing, etc.
34

Review of the literature on the topic suggests that this question can only be addressed through economic studies per CE action. See section on

Stating and bridging uncertainties related to data and calculations.
35

Vivanco, D., Sala, S., McDowall, W. (2018). Roadmap to rebound: how to address rebound effects from resource efficiency policy.
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resource savings that are ‘taken back’” (Vivanco, Sala & McDowall, 2018, p.6; referring to Sorell,
2007 and Sorell & Dimitropoulos, 2008).
The risk and scale of a rebound effect for a specific product within a sector is therefore assessed by
conducting a specific study or by finding data from the literature review.
The literature review conducted as part of this project has not led to sufficient evidence of the
rebound effects in the sector analysed (buildings). This is due to the relative novelty of the concept
and the availability of literature and estimates, which tends to vary sector-by-sector (see Vivanco,
Sala & McDowall, 2018).
Summarising findings per CE action
In addition to the CE action sheets cited above (and found in Appendix 5), the results can take the
form of a table as illustrated in Table 4.3 below, exemplified for a CE action relating to the buildings
sector.
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Table 4.3 Relevant characteristics of selected CE actions (exemplified for a CE action relating to the CO2 intense steel sector)

CE action

Sector

Material
flow
stage /
product

Example

Material,
transport,
etc.

Based on
Figure
4.4.

Steel

End use

Reducing use of
structural steel at
design stage
(reducing
overspecification)

LCA stage

TRL*

Maximum
emission
compared
to
reference
situation
(%)

Product,
Construction
process, Use,
End-of-life.

TRL
1-9

Filled in
from
modelling or
literature

Product
stage

N/A

N/A filled
in from
modelling

Change in
(material)
demand
compared to
reference
situation (%)

36%
reduction
according to
(Dunant et
al., 2018);
46%
reduction
according to
(Moynihan
and Allwood,
2014)36

Indicator
demand/material
change

Applicability
(Maximum)

The subject of demand
change

Share of
buildings/material/
process to which
the action applies

Steel use in
buildings

Indicator for
applicability

Reference
situation

Actors
involved

100%

New nonresidential
buildings

Conventional
structural
steel design

Building
designers,
construction
industry

35%

Steel
consumption
in Europe

* Note: TRL refers to Technology Readiness Level.
TRL 1 – basic principles observed
TRL 2 – technology concept formulated
TRL 3 – experimental proof of concept
TRL 4 – technology validated in lab
TRL 5 – technology validated in relevant environment (industrially relevant environment in the case of key enabling technologies)
TRL 6 – technology demonstrated in relevant environment (industrially relevant environment in the case of key enabling technologies)
TRL 7 – system prototype demonstration in operational environment
TRL 8 – system complete and qualified
TRL 9 – actual system proven in operational environment (competitive manufacturing in the case of key enabling technologies; or in space)
Source:
https://ec.europa.eu/researchhttps://i.ebayimg.com/00/s/MTAyNFg3Njg=/z/42MAAOSwhd9di4Za/$_86.JPG /participants/data/ref/h2020/wp/2014_2015/annexes/h2020wp1415-annex-g-trl_en.pdf

36

Dunant, C. F. et al. (2018) ‘Regularity and optimisation practice in steel structural frames in real design cases’, Resources, Conservation and Recycling. Elsevier, 134, pp. 294–302. doi: 10.1016/J.RESCONREC.2018.01.009.

Moynihan, M. C. and Allwood, J. M. (2014) ‘Utilization of structural steel in buildings.’, Proceedings. Mathematical, physical, and engineering sciences. The Royal Society, 470(2168), p. 20140170. doi: 10.1098/rspa.2014.0170.
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4.4 Step 4: Quantification of CE actions’ impacts on (specific) CO2
emissions along the value chain
Based on the characterisation of the sector and its main emission sources identified in Step 1, the
emission sources will be characterised with respect to the heterogeneity of the products involved.
Step 4 focusses on the quantification of CE actions' impact on CO2 emissions along the value
chain. Based on the works carried out in Step 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.

If a multitude of products is present in the analysed sector, e.g. as in the case of consumer
electronics, the MRIO approach is more appropriate in determining the overall emissions, since it
would be infeasible to collect life cycle information on all products. If on the other hand, individual
products can be identified as the main emission sources within a sector, such as a specific
construction material (e.g. steel or cement), a more detailed bottom-up material-based approach
should be applied in order to determine the life cycle emissions of these products (see Phase A to
C in the bottom-up material-based approach below).
Bottom-up material-based approach
For sectors, which are characterised by a high material emission relevance, first a material flow
analysis will be carried out to capture the effects of CE actions on CO2 emissions in all relevant
stages of the value chain. Some examples for the potential application of the methodology would
be: the building sector with special regard to cement; metal industries (steel, aluminium, copper)
or its processing industries (e.g. vehicle construction, engineering, packaging); the chemical
industry (e.g. basic chemicals) and its end-uses (e.g. fertilizers, plastics); but also less energy- and
CO2-intensive industries like textile production or the agri-food sector (e.g. use of fertilizers, energyfood nexus, land use). The depth and boundaries of the analysis depend strongly on the results of
Step 1.
Phase A consists of mapping European material flows from raw material preparation to the finished
basic product including physical flows as well as energy demand and CO2 emission of the production
process. Subsequently, in Phase B the associated flows from the basic product to the relevant enduse sectors and applications are determined. In Phase C, the short-listed CE actions (identified in
Step 3) are integrated into the modelling approach and be allocated along the value chain to
quantify the impact of single actions on material demand and CO2 emissions.
Thus, the following three modelling phases need to be carried out following Shanks et al. 201937:
Phase A: Mapping material flows from raw materials to the finished product
Phase B: Mapping material flows from the finished product to end-use applications
Phase C: Combining material flows and CE actions

37

W. Shanks, C.F. Dunant, Michał P. Drewniok, R.C. Lupton, A. Serrenho, Julian M. Allwood, How much cement can we do without? Lessons from

cement material flows in the UK, Resources, Conservation and Recycling, Volume 141, 2019, Pages 441-454,ISSN 0921-3449,
https://doi.org/10.1016/j.resconrec.2018.11.002
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Mapping material flows from raw materials to the finished product (phase A):
Raw material acquisition (e.g. mining and quarrying) and preparation can be of high relevance
to some sectors and of little to none to others. This part of the material flow analysis is therefore
especially sensitive to scope definitions (cf. 3.1). It may include the primary acquisition and
immediate processing steps (e.g. concentrating of copper ore) of raw material directly on site. In
some cases, these steps happen outside the regional scope definition (e.g. crude oil extraction
outside of the EU), in which case they would be considered embedded emissions.
The next life cycle stage is basic material production, which can be directly linked to the
associated ETS-sectors. Due to the high energy and CO2 intensity of this product stage, a distinction
must be made between the main production routes (e.g. primary and secondary production routes).
This distinction is also necessary for the later analysis of recycling-related CE actions. The basic
goods are further processed into finished products (by product type if applicable), which can be
related to the associated CFR categories and if necessary ETS activities. For each material flow
stage, specific and absolute direct CO2 emissions and energy demand will be identified which can
then be cumulated along the value chain.
Mapping material flows from the finished product to end-use applications (phase B):
In the second stage, the main end-use applications within the overall sector38 for the product
under consideration have to be identified. This phase is necessary in order to analyse a broad range
of CE actions. In some cases, no comprehensive data on the distribution across end-use applications
is published. In those cases, estimations based on literature review and selected expert consultation
will be carried out. The scope of applications included in the MFA will be determined by data
availability. To aid understanding of the scope of applications we would like to point to the buildings
sector (please see Part 2 for more detail), where a first distinction can be made between different
building types and infrastructure, while data may be available up to the component level
(foundations, beams, pipes etc.). In other sectors, the end-use applications may be more
heterogeneous with respect to their circularity and corresponding CO2 emission reduction potentials.
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Figure 4.4 Simplified material flow illustration
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concrete
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End-use
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End-of-life

Material
flow stage

• Demolition
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• Example process
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production)

Combining material flows and CE actions (phase C):
In the final step, a methodology is developed to align selected CE actions (see Step 2 and 3) with
the respective stages of the material flows to quantify their potential for material demand reductions
and/or CO2 reduction.
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Figure 4.5 Simplified illustration of CE action allocation along the material flow stages
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The CE action impact can be characterised in the following way in the first part of the model
implementation focussing on materials (see Figure 4.5):
1. The CE action reduces the demand for virgin raw materials in the basic material
production process: e.g. use of scrap instead of iron ore in the steel industry; using higher
shares of aggregates from construction waste for cement production.
2. The CE driven process improvements reduce the specific CO2 emissions in the basic
material production: e.g. use of innovative binders like alumina in the cement industry.
3. CE actions in the further processing or in manufacturing processes can reduce the
demand for (semi-)finished goods: e.g. reduction of new scrap/losses in the steel
industry, increased material efficiency (high strength steel) or the use of alternative
materials (e.g. carbon fibres)
4. CE actions that take place at the end-use/end-of-life phase (longer use phase, reuse)
will reduce the demand for manufactured goods and consequently the demand for CO2
intensive basic materials. CE actions at the end-of-life stage e.g. higher recycling rates
due to improved sorting and collection will reduce the need for virgin raw materials (to
some extent) in the basic material production due to higher availability of secondary
materials.
Table 4.4 Relevant characteristics of selected generic CE actions along the life cycle

Category

Reducing
demand for
virgin raw
materials

CE action

Using higher
shares of
secondary
materials

Reducing
specific CO2
emissions of
basic
material
production
Process
improvements

Reducing
consumption
of
(semi)finished
products

Change in
secondary
material
availability

Material
efficiency

Increased
recycling
rates

Change in
final
consumption
(new
product
demand)
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Material flow
stage

Expected
quantification

Using (new) low
carbon materials

Material
substitution

Process switch to
secondary
production due to
higher
availability/quality
of secondary
material
Raw material
preparation
Basic material
production
Specific reduction
of virgin material
input (into basic
material
production)

Reduction of
losses

Improved
sorting
technologies

Reuse

Extension of
useful life ,
material
efficiency

Basic material
production

Further
processing
Fabrication

End-use,
End-of-life

End-use, Endof-life

Specific
reduction of
CO2 emission
per tonne of
basic material

Specific
reduction of
basic material/
finished product
demand

Change of
secondary
material
availability

Specific
reduction of
basic material/
finished
product
demand

The expected results of the analysis will include an estimate of the possible reduction in material
demand along the value chain/life cycle and (specific) CO2 emissions for selected CE actions in the
chosen sector. For a successful analysis, a variety of different indicators need to be identified in
Step 3. Thus, extensive and frequent communication between Step 3 and 4 is required. The
selection of the modelled CE actions will strongly depend on data availability and the associated
emission reduction potential (Step 2 and 3).
Top-down MRIO approach
As stated above, if the sector under consideration is characterised by a large number of
heterogeneous emission sources, it may be more feasible to use a top-down MRIO-based approach
to quantify the impacts of CE actions on sectoral emissions. In this case, the CE actions have to be
translated into impulses for an MRIO modelling framework. This is done by allocating the
quantitative information of each CE action (as derived from Step 3, see, e.g. Table 4.3) to the
respective parts of the MRIO model. Roughly, the impulses resulting from CE actions correspond to
changes in inter-industry flows, final demand and sectoral material and CO2 intensities. This
approach is in line with that of a recent publication by Wiebe et al. (2019)39, who study a broad
circular economy scenario in a multi-regional input-output framework. The implementation of the
impulses in the model is schematically illustrated Figure 4.6.

39

Wiebe, Kirsten S.; Harsdorff, Marek; Montt, Guillermo; Simas, Moana S.; Wood, Richard (2019): Global Circular Economy Scenario in a

Multiregional Input-Output Framework. In Environmental Science & Technology 53 (11), pp. 6362–6373.
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Figure 4.6 Schematic representation of changes to MRIO system due to circularity measures (own illustration
based on Wiebe et al., 2019).

Resource efficiency
and recycling

Input
Output

Intermediate Deliveries (Z)
EU

RoW

Final Demand (Y)
EU

Repair, reuse & share

RoW

Reduced
material intensity

RoW

EU

Increased demand for
R&D, recycling etc.

Demand shifts (e.g. from
goods to renting services)

Environmental
extensions

Reduced material inputs

Intermediate Deliveries (Z)

Reduction in final demand
for certain products

While the MRIO approach has the advantage of covering global value chains and thus accounting
for direct and indirect emissions, it is coarser and more difficult to enrich with specific, more recent
information. If individual material or product flows are identified as the main emission sources,
bottom-up approaches such as the one suggested above are more suitable for the assessment of
the emission reduction potentials of CE actions.
Excurse: modelling emissions from in-boundary and out-of-boundary transportation in
combination with the bottom-up material based approach
With the material- and process-based approach outlined in Figure 4.4 and Figure 4.4, major
emission sources (fuel and material use for production, raw material acquisition and processing)
are covered. Additionally, the methodology developed in Step 4 will allow a simplified consideration
of transport demand of raw material as well as intermediate and final products and its CO2
emissions. The proposed methodology includes import/export streams as well as intra-EU transport
(for the base year). Depending on the sector and the processes applied as well as the economic
structure, a variety of transport steps can occur. Identifying these will be part of Step 1, as it
requires in-depth understanding of the sector. Due to the heterogeneity of the investigated sectors,
the transport analysis is detached from the material flow approach as sectors with a high share of
transport emissions might need a detailed transport modeling approach (e.g. based on existing
transport models like the European transport model ASTRA) while in sectors in which transport
emissions only contribute a small share to the overall emissions, the suggested methodology might
be sufficient.
To quantify the CO2 emissions caused by transportation, an approach based on four main data
points is chosen:
•
amount/mass of transported goods [t],
•
distance travelled [km],
•
share of transport modes [%]
•
and emission factor of transport modes [tCO2/tkm],
which allow then the calculation of total emissions for the base year. All these main data points may
be influenced by CE actions (e.g. higher transport demand due to material substitution or increased
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recycling effort, switch of transport modes, higher use of regional production chains). These
impacts, if necessary, have to be identified in step 340.
The proposed methodology is a simplified approach delivering accessibility and applicability to
multiple sectors without losing too much detail. However, sector specific knowledge is required, to
identify relevant transportation steps and associated CE actions. For a detailed analysis of transport
emissions, an energy system modelling approach considering for example future changes in
transport modes is necessary. Existing models should be used for this purpose (e.g.
http://www.astra-model.eu/). Due to complexity, time and budget constraints, and its relevance
for the sector under consideration, the use of such models is out of scope within this project.

4.5 Step 5: Upscaling the impact on CO2 emissions for the whole sector
After quantifying the emission reduction potentials of the single CE actions along the value chain
the results of Step 4 will be combined to the European level in the base year for a limited number
of scenarios depending on their applicability.
It is suggested to analyse three different scenarios:
•
•
•

a baseline scenario based on current data and already implemented CE actions (e.g. current
recycling rates),
a medium-ambition scenario including plausible implementation of existing/further CE
actions,
and a high-ambition scenario representing maximum implementation of existing/ further
CE actions.

Works for the baseline scenario might already be carried out in Step 4 for the status quo
implementation of the model. However, the calculation of the medium- und high-ambition CE
scenarios and their comparison with the baseline will be carried out in Step 5.
For the scenario analysis, it is suggested to use framework conditions (e.g. activity, energyintensity, process emission-intensity, transport km) that are based on the current base year (e.g.
2015). This prevents the mixing of activity and structural effects, energy efficiency improvements,
changes in transport modes and fuel switch to RES, which could take place until 2050, with the
analysis of the pure effects of CE actions. The comparison with the baseline seems sufficient to
determine the effect of one or more CE actions on emissions.
A further analysis for the year 2050 can be carried out, but here relevant framework assumptions
would have to be made in consultation with the client. However, the added value for the analysis
of the CE actions seems low, since their potential can already be evaluated in comparison with the
baseline. Further changes of the assumptions, e.g. activity in 2050, would, as already mentioned,
lead to a mixture of effects, and LCA data for 2050 or 2030 are usually not available.

4.6 Step 6: Linking of results to the existing reporting categories
(UNFCCC CRF and ETS)
The CO2 emission reductions can be linked to the existing reporting of national inventories of CO2
emissions of the UNFCCC (in the common reporting format, CRF) and to the EU ETS or non-ETS
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emission categories. The latter particularly helps to understand if these actions influence CO2
emissions covered under the ETS and/or are part of the Climate Action Regulation41, which requires
Member States to reduce their non-ETS emissions.
Linking results to UNFCCC CRF categories:
The CRF tables allocate national CO2 emissions to six categories plus indirect CO 2 emissions
according to the IPCC sectors. The split is the following: 1. energy, 2. industrial processes and
products; 3. agriculture, 4. land use, land-use change and forestry, 5. waste management and
6. other sectors. Categories have up to three sublevels such as 3. agriculture has ten (A-J)
subcategories with subcategory 3.B “manure management” having further five subcategories (1-5)
such as 3.B.3 “manure management - swine”. Subcategory 1.A.2 “Energy - Manufacturing
Industries and Construction” has further seven subcategories (a-g) reflecting the specific
manufacturing industry such as steel, pulp and paper or food processing.
The IPCC Guidelines for National GHG Inventories42 guides the allocation of the identified emission
savings to these categories; at least for category-level and first level subcategories. In some cases,
the identified emission savings along the value chain are presented at even more detail for specific
sectors compared to the CRF-tables. This means that emission savings will then be summed up.
Estimates on energy carrier use (as differentiated in the CRF) in the sectors can be made but would
likewise be of aggregated nature.
The CRF category 2 offers the highest disaggregation available in CRF. It reports process-related
emissions and is as such specialized for the manufacturing industry. CE actions influencing the
product demand inevitably influence process-related emissions. It is therefore important to identify
and select CE actions that address the most relevant life cycle stages and create a methodology to
trace their impact back to those. However, the relevance of process-related emissions is not alike
for all industrial sectors (e.g. pulp and paper).
Similarly, emission savings can be allocated along the value chain for other CE actions in other
areas of the economy, such as in the textile industry. For actions in the textile industry, it is
expected that the main emission savings will be realised in 1.A.2.g “other manufacturing industry”,
which includes emissions from the use of energy for production of textile, and 5.D.2 on “industrial
waste water treatment”, which includes the emissions from handling and processing of liquid wastes
and sludge from the textile industry. Further emission reductions might be realised through a
reduced use of chemicals (1.A.2.c) and through less transport.43
An optional presentation of the findings is given in the following table:

41

Regulation (EU) 2018/842 - Binding annual greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to climate

action to meet commitments under the Paris Agreement and amending Regulation (EU) No 525/2013
42

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

43

See e.g. Akthar et al. (2018): Tracking the carbon emissions from polyester fibre processing industrial unit. Nat. Env. & Poll. Tech., 17 (2), 485-

490.
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Table 4.5 Optional presentation of findings from linking results to UNFCCC CRF categories

Name of sector where
emission savings are
realised

Effect on
emissions

IPCC sector

On-site energy generation

Reduction:
x kt CO2eq

1.A.2.g

Reduced production

Industrial waste water

Reduction:
x kt CO2eq

5.D.2

Reduced production

Chemical industry

Reduction:
x kt CO2eq

1.A.2.c

Transport

Increase:
x kt CO2eq

1.A.3

...

...

...

Notes

Reduced use

Longer distances

...

Source: own presentation.

The comparison of model results for the emission savings and the current reported emissions in a
category need to be handled with care. For example, Germany reports roughly 60% of the CO2
emissions from fuel combustion in manufacturing industries and construction (1.A.2.) in the
subcategory 1.A.2.g which is “other” while Germany reports no emissions for the fuel combustion
in the chemical industry (1.A.2.c). The inventory report explains that Germany reports all emissions
from industrial power stations together under “other” and that it does not apply a sectoral split. 44
Linking results to ETS activities
There is no direct link of the sectors of the IPCC (or of the CRF-tables) to the scope of the ETS;
non-ETS emissions are generally defined by subtracting the reported ETS emissions from total CO2
emissions.
Therefore, the allocation of emission savings to the ETS and non-ETS works best if the emission
savings are given for each GHG emission type and are allocated to economic activities. The identified
activity and emission type fall either under the ETS as given by the ETS Directive, Annex I, 45 or, if
this is not the case, are allocated to the non-ETS sectors.
The activities and emission types covered by the ETS Directive can be summarised as:
•

Economic activities: energy generation and industrial production with large GHG emissions;
national aviation
GHG emission types: mainly CO2, but also perfluorocarbons of aluminium production and nitrous
oxide from nitric, adipic, glyoxal and glyoxylic acid production

•

Additional research might be required to assess the relevance of small-scale facilities belonging to
an economic activity that is covered by the ETS. Small-scale facilities are generally excluded from
the ETS so that related emission changes should be allocated to the non-ETS. Small-scale facilities

44

UBA (2019): Berichterstattung unter der Klimarahmenkonvention der Vereinten Nationen und dem Kyoto-Protokoll 2019. Nationaler

Inventarbericht zum Deutschen Treibhausgasinventar 1990 – 2017. Umweltbundesamt. Page 186.
45

Directive 2003/87/EC of the European Parliament and of the Council of 13 October 2003 establishing a system for greenhouse gas emission

allowance trading within the Union and amending Council Directive 96/61/EC
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can, however, also opt-in. This means that for economic activities with a rather large share of smallscale facilities, additional information is required to evaluate the inclusion into ETS or non-ETS.
CO2 emission changes that do not arise in the borders of the EU can include embedded emissions
from imported product as well as emission changes in international aviation and shipping (i.e.
international bunkers). They have to be excluded from both, the ETS and non-ETS category and
are given here as “other” to show their relevance compared to the emission changes in ETS and
non-ETS.
The allocation of emission savings to the ETS or non-ETS emission sectors helps to understand how
CE actions might influence emission reduction efforts in both sectors. This can help governments
as well as companies to identify relevant CE actions. For example, as the ETS sets a cap and covered
entities have to realise emission savings or buy certificates, these entities might find a CE action
particularly relevant for achieving emission reductions at entity level. Member States might be
particularly interested in CE actions that reduce non-ETS emissions as they need to reduce their
non-ETS emissions under the Climate Action Regulation.46 In this context, it could be especially
interesting to derive country-specific emission savings from the modelling, as it would allow for
Member State specific analysis; however, this would require additional national data entries and is
beyond of the scope of this project.
The visualisation of realised emission reductions and possible emission increases will be given for
the non-ETS and ETS as well as for international aviation and shipping (i.e. international bunkers),
and emission reductions or increases realised outside of the EU. Figure 5.27 in Part 2 of this study
shows this for the buildings sector.

46

Climate Action Regulation: Regulation (EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 on binding annual

greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to climate action to meet commitments under the Paris
Agreement and amending Regulation (EU) No 525/2013
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5.

PART 2: APPLYING THE METHODOLOGY TO THE
BUILDING SECTOR
Part 2 applies the coherent approach established in Part 1 of this report to the buildings sector to
quantify potential decarbonisation benefits of circular economy actions we considered most
impactful, applicable and feasible, and hence most promising within this sector.
As a reminder, Appendix 2 of this report contains a register of the characteristics of the methodology
developed in Part 1 and its application to the buildings sector in Part 2, presenting scoping decisions
and caveats, as well as their impacts on the results.

5.1 Step 1: Scoping
Scoping the sector to be analysed: buildings sector
The sector chosen for the testing of the quantification methodology in Part 2 is the buildings sector,
excluding the construction of infrastructure (for energy, transport, waterways, etc.). Therefore, the
end-use products of this sector are buildings, to which the identified CE actions will be applied in
the modelling. In EXIOBASE, buildings are one of the products of the broadly defined construction
sector (no. 45 in the NACE Rev.1.1 classification, which also includes infrastructure) and therefore
difficult to separate from other construction products. In order to allow for a methodologically simple
and transparent scoping, the construction sector as defined above will nevertheless be used for the
scoping of the main emissions sources.
In order to provide a first overview, different upstream and downstream processes of the
construction sector, which may constitute main emission sources and could therefore be targeted
by CE actions, are shown in Table 5.1.
Table 5.1 Upstream and downstream activities relevant for the buildings sector.

NACE activities
Manufacturing of building materials and products, including:
Manufacture of chemicals, chemical products and man-made fibres
Manufacture of rubber and plastic products
Manufacture of plastic products
Manufacture of other non-metallic mineral products (e.g. glass)
Manufacture of cement, lime and plaster
Manufacture of articles of concrete, plaster and cement
Manufacture of basic iron and steel and of ferro-alloys
Construction processes, including:
Demolition and wrecking of buildings; earth moving
Building of complete constructions or parts thereof; civil engineering
Building installation (e.g. plumbing, insulation)
Building completion (e.g. plastering, painting)
Construction waste management:
Recycling
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Scoping GHG emissions in the buildings sector
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 2017.47
Materials production for buildings is a huge contributor of GHG emissions and the main source of
emissions across a building’s lifecycle (Material Economics 2018)48. As outlined in the description of
part 1 in Section 4.1, a suitable methodology to determine the main emission sources within a given
sector and quantify potential emissions at a macro-level (economy-wide) is Multi-Regional InputOutput (MRIO) analysis. With MRIO, the emissions associated with the intermediate inputs in the
European construction sector can be calculated. According to our calculations, by far the largest
emissions stem from cement, lime and plaster inputs. Accounting only for direct inputs, they make
up approximately 110 Mt (see Figure 5.1). Together with the other nine emissions sources
summarised in Figure 5.1, they make up approximately 80% of GHG emissions stemming from
direct inputs into the European construction sector, which sum to 240 Mt. Taking indirect emissions
into account, this number increases to almost 550 Mt.
Figure 5.1 GHG emissions from direct inputs into the EU28 construction sector in 2011, own calculations (for
informative purposes, all embedded emissions are included in this graph).

Source: Fraunhofer ISI calculations using EXIOBASE v3.4.

Excluding energy inputs for the operation of buildings during their use phase, which are not within
the scope of this project, the main emission sources are related to raw material provision (fabricated
metal products, rubber and plastic, wood, iron and steel), equipment and services. Two of the
largest contributor groups, cement, lime and plaster, as well as fabricated metal and basic iron and
steel products, are discussed in more detail below.

47

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.
48

Material Economics. (2018). The Circular Economy - a Powerful Force for Climate Mitigation.
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Due to a multitude of GHG emitting activities within the broadly defined construction sector itself
(including operation of construction sites, transport etc.), the second largest direct emissions (close
to 30 Mt of CO2eq) can be allocated to intermediate inputs from this sector itself. Energy inputs
(electricity and oil products) also play a relatively large role with together close to 20 Mt CO2eq.
Next to other direct material inputs (rubber, plastic and wood), the intermediate inputs into the
European construction sector from the electrical machinery and business services sectors cause
non-negligible GHG emissions at around 6 Mt each. These figures partially change dramatically once
emissions from indirect inputs (upstream along the entire supply chain) are taken into account. Due
to the importance of the construction sector as a consumer of intermediate inputs from many other
sectors, indirect emissions actually exceed direct emissions with close to 90 Mt. In fact, indirect
emissions are larger than direct emissions for most of the other sectors portrayed in Figure 5.1,
except for the cement, lime and plaster sector, which mainly makes direct deliveries to the
construction sector. This indicates potentially large leverage effects of reductions in input demands
from the construction sector as well as an overall reduction of construction, e.g. by reducing floor
area.
Cement production (NFR 2.A.1) can be allocated to the non-metallic minerals sector. This activity
is of increasing relevance, since it includes high material specific (~0.8 tGHG/tClinker, ~0.6
tGHG/tCement) as well as high absolute GHG emissions (EU ETS 2016: 119.5 Mt49). As one of the
most important building materials, cement is produced in high quantities (world 2016: 4.2 Gt50).The
carbon dioxide footprint of cement production accounts for 8% of global CO2 emissions.51 Production
processes for cement are very energy-intensive, rendering cement a focal product in terms of GHG
emissions in the buildings sector. Hence, due to high process-related emissions (~0.53
tGHG/tClinker) and limitations on energy efficiency 52 the sector is under increased pressure to
implement mitigation measures. Only a small fraction of the European cement value chain is located
outside of EU countries, so the emission reductions mainly occur within the EU.
Steel production (NFR 2.C.1) is a highly material- and energy-intensive industry where “more than
half of the mass input becomes outputs in the form of off-gases and solid wastes or by-products”.53
Steel is a material with high recycling potential. Global crude steel production stood at 1.8 Gt
globally in 201854 and is forecasted to grow by 30% by 2050 with recycled secondary steel growing
faster than primary production 55 . In the EU, the buildings sector represented 35% of steel
consumption across all sectors in 2017, equalling 51.6 million metric tonnes.56 The EU market
imports 22% of all its steel products, making scope 3 emissions relevant to consider for this
material. 57 GHG from steel production are emitted both from the energy used to process and
manufacture steel as well as through chemical processes. The carbon dioxide footprint of steel
production makes up around 7% of total global emissions58.

49

European Commission 2017

50

VDZ 2018

51

Olivier, J. G. J. and PBL Netherlands Environmental Assessment Agency (2013) Trends in global CO2yyy-* emissions 2013 report. PBL Netherlands

Environmental Assessment Agency.
52

Due to the similarities of the core processes, this is also true for lime (WZ2008: C 23.52).

53

Berdowski, J. et al. (2016). EMEP/EEA air pollutant emission inventory guidebook 2016 - 2.C.1 Iron and steel production. LRTAP and EEA. Page

3. Retrieved from: https://www.eea.europa.eu/publications/emep-eea-guidebook-2016/part-b-sectoral-guidance-chapters/2-industrialprocesses/2-c-metal-production/2-c-1-iron-and/view
54

World Steel Association. (2019). WORLD STEEL IN FIGURES 2019. Retrieved from: https://www.worldsteel.org/en/dam/jcr:96d7a585-e6b2-

4d63-b943-4cd9ab621a91/World%2520Steel%2520in%2520Figures%25202019.pdf
55

Energy Transitions Commission (2018) Reaching zero carbon emissions from steel – Consultation paper

56

Based on the monthly figure of 4.3 Mt, page 24 of Eurofer. (2018). European Steel in Figures 2018. Retrieved from:

http://www.eurofer.org/News%26Events/PublicationsLinksList/201806-SteelFigures.pdf.
57

Eurofer. (2018). European Steel in Figures 2018. Retrieved from: http://www.eurofer.org/News%26Events/PublicationsLinksList/201806-

SteelFigures.pdf
58

Stockholm Environment Institute (2018) Low-emission steel production: decarbonising heavy industry
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Buildings include residential buildings (housing) and non-residential buildings (offices, commercial
space, public sector activities). Table 5.2 below presents an extract of available data on the types
of buildings that compose the EU buildings stock.
Table 5.2 Data on the EU buildings stock.

2011

2012

2013

2014

Unit

Total number of dwellings

245 059

246 589

247 368

249 652

thousand

Total floor area of dwellings

21 741

21 905

22 300

22 684

Mm²

Total floor
buildings*

6 828

6 950

7 013

n/a

Mm²

area

of

non-residential

Source: EU Buildings Database. Retrieved from: https://ec.europa.eu/energy/en/eu-buildings-database
* Non-residential buildings include offices, wholesale and retail trade, hotels and restaurants, and healthcare.

Different elements tend to compose these different types of buildings, and therefore determine the
use and quantities of different materials. Furthermore, building elements (illustrated in Figure 5.2)
contain different amounts of embodied carbon, measured in an LCA in kilograms of carbon dioxide
equivalent per square meter for buildings (kgCO2e/m2). Whether a building element is carbon
intensive depends on the building geometry and the material it consists of.
It can be beneficial to divide building components or material groups as well as building/construction
types, e.g. office vs. residential and high-rise vs. low-rise, however the data to differentiate between
high-rise and low-rise was not available at EU level therefore we did not make this differentiation
within this study. In high-rise buildings, the heavier, load-bearing elements such as the building’s
structure and foundations (often made of steel and cement) generally contain most of the embodied
carbon. The consequence of not differentiating high-rise vs. low-rise is an over-appreciation of the
impacts of CE actions which in practice only apply to one or the other but is applied to both in the
study.
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Figure 5.2 Elements of a building and their typical lifetime before replacement is needed.

Source: Own illustration on the basis of Brand, S. (1994). How Buildings Learn: What Happens After They’re
Built.
Note: Objects include e.g. indoor furniture; Systems include e.g. heating and ventilation systems; Interior include e.g. plaster
and paint.

For this project, building elements with a high CO2 emission impact were included such as structural
steel beams and precast concrete elements. In the case of some actions, it was not possible to
identify the share of the material used for such specific elements.
The identification of CO2 emissions along the life cycle stages at the micro level of a single building
can be done by reviewing existing literature and building LCAs for the different material and product
groups.
Assessing and addressing study limitations due to scoping
As discussed above, the study covers the buildings sector, excluding infrastructure. The
infrastructure sector entails different products, which are made using some of the same materials
and processes. Due to the exclusion of infrastructure from the scope of the study, impacts of CE
actions on materials that are common to both buildings and infrastructure need to be distinguished.
Data on the use of the materials for buildings was available and was used to make this distinction.
The data used was not specific to the EU but used as indication.59 A separate study would need to
be conducted to assess the potential decarbonisation of circular economy for the infrastructure
sectors.

5.2 Step 2: Identification of CE actions
In order to reduce CO2 emissions from the buildings sector, overall reductions in building activities
or in their raw material and energy needs appear necessary. The scoping revealed that the majority
of emissions in the buildings sector is material and energy driven, suggesting that the proposed

59

For instance, it is estimated that 35% of cement demand is used for infrastructure in Germany (source pending). Concerning steel, it is

estimated that 74% of steel demand is used for buildings globally, based on Allwood (2011). In the absence of EU-specific values, these values
were used instead.
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material flow approach is better suited than the coarser top-down MRIO approach. The subsequent
analysis of the buildings sector will therefore be conducted with a material flow approach.
Identifying and qualifying sector-specific CE actions
The identification of CE actions for the buildings sector departed from the list of generic CE actions
applicable to all sectors as developed in Part 1 (cf. Table 4.1).
A literature review allowed to further specify the generic list of CE actions for the buildings sector
(see Appendix 1 for the list of literature reviewed, and Appendix 4 for a list of buildings sector CE
actions identified). In cases where CE actions were rather general (e.g. Design for the use of less
material in buildings), they had to be scoped to a level of higher specificity by selecting specific
materials or products (e.g. cement, concrete, steel, timber, insulation materials, residential or nonresidential buildings, etc.), otherwise data collection would not be possible. This level of detail was
necessary to enable selecting the most relevant CE actions for further analysis.
The review focused on data available for the EU or countries within the EU. The studies used in the
literature review cover geographical regions from within the EU, allowing for introducing regionspecific parameters into the assessment. Overall, lack of data posed a significant limitation to this
study’s findings.
Academic literature was the main targeted source of data. Where academic sources did not yield
such data, grey literature was also used (see Appendix 1 for a list of literature sources used; see
Appendix 2 for additional information on data sources). In some cases, LCA databases (Ökobau,
LCA Danmark) could also be used to retrieve LCA data. The literature search process used key
terms related to each action (e.g. “steel”, “reuse” and terms related to lifecycle analysis “LCA” “life
cycle”) on journal search engines (Google Scholar, Science Direct, Taylor and Francis) and Google.
The long list aimed to capture the most relevant and impactful CE actions, however it cannot capture
all of them. The long list of actions is presented in Table 5.3 below.
Table 5.3 List of CE actions applicable to the buildings sector.
Product Design
Design for the use of less material in buildings
•

Reduce use of structural steel at design stage (reducing overspecification)

•

Reduce use of concrete at design stage (reducing overspecification)

•

Reduce the impact of materials in a building by focusing on material choice and thickness of materials at early design
stage using Building Information Modelling (BIM)-enabled embodied impact feedback method

Design buildings which reuse existing building structures or parts
•

Use reused bricks originally built with lime mortar instead of newly produced bricks

•

Reuse structural steel

Use construction technology, which can minimise waste

•

3D printed building elements

Design for building disassembly and for standardised building elements
•

Use a construction technique with prefabricated modularised elements, which are then erected on-site

•

Make concrete structures with design for disassembly

Design to extend buildings’ lifetime
•

Use “building in layers” principles to ensure entire service lives are utilised. The materials that are expected to live the
longest must be placed on the inside of the skeleton and vice versa. (Hierarchical assembly according to component
lifetime, see Figure 5.2, p. 43)

•

Renovate existing buildings rather than build anew

Design buildings with recycled materials
•

Use existing concrete as aggregates in new concrete instead of rocks

•

Recycle polystyrene (PS) foam
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•

Recycle plastic PET bottles into insulation material

Design buildings and their components to enable local material-sourcing and manufacturing
•

Source stones locally for construction

Substitute abiotic with bio-based materials, for instance wood as the structural material and fungus as the
insulation material
•

Use timber as the structural material in multi-story buildings instead of concrete and steel

•

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

Production Processes
Use by-products from industry (e.g. fly ash, electric arc furnace slag, blast furnace slag, silica fume) and
construction and demolition waste aggregates in cement mixes as a substitute for part of the cement
Use different binding agents in cement production
•

Using calcium sulfoaluminate (CSA) based cements and geopolymer cements as a replacement for Portland Cement

•

Use of Celitement as a substitute for ordinary cement

•

Use of Solidia as a substitute for ordinary cement

Use innovative production processes
•

Enable/enhance concrete carbonation during recycling

Improve the resource-efficiency of production processes (steel, cement, other)
•

Using Particle Packing technology to reduce the amount of cement in concrete mixes.

Consumption Models
Intensify the use of existing building space or reduce idle time to reduce the need for new buildings, such as
via buildings-as-a-service and other means of increasing the density of users for the available space
•

Reduce space per inhabitant in residential buildings

•

Optimise the use of space in office buildings

•

Create shared office space

Make reuse, repair, refurbishment and remanufacture a business model for specific building products
•

Improve maintenance of buildings to extend life-time

Waste management
Use take back systems of waste from construction site for reuse or recycling
•

Use take back systems of insulation waste from construction sites for recycling

Close the loop for building materials (Reuse building materials)
•

Use material passports

•

Resale of used materials and building components

Develop resource mapping strategies
•

Holistic resource planning

Improve waste processing
•

Use the SmartCrusher technology for concrete recycling

Selecting CE Actions to include in further analysis
The shortlist (see Table 5.4 below) puts forward actions which have a high potential impact and
applicability because they target high-impact materials currently used in large quantities in the
buildings sector (steel and cement/concrete). In addition, actions with a high potential impact such
as the use of timber as an alternative construction material in buildings were also considered.
By choice and to cover a diversity of CE actions, shortlisted actions are proposed across each of the
following lifecycle stages: product design, production processes, consumption models, and waste
management. This ensures that the methodology would be tested over the full lifecycle of buildings.
In the selection process, we took consideration of each of the four criteria of the assessment:
impact, applicability, feasibility, measurability. CE actions were selected if they scored high on at
least three of the four criteria (score of 2 or 3 out of 3). Appendix 4 details the grading and
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assessment. The shortlist contains a number of CE actions with low measurability due to lack of
data. The treatment of these actions is further explained in the subsequent steps.
Table 5.4 below shows the proposed 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.
The included materials are steel, cement/concrete, and timber. With regard to products, the
included building types are residential and non-residential buildings. Specific building components
also included structural steel beams and precast concrete elements. The choice of including one or
multiple materials and building types per CE action was partly determined by data availability.
Table 5.4 Actions proposed for shortlisting and quantification.

Lifecycle stage

Action

Related materials and products

Product
Design

•

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

Recycle building materials

•

Waste
management

•

•

Cement collected from demolition of all
buildings

5.3 Step 3: Identification of CE actions’ impacts on material demand
and relevant emission sources in the buildings sector and adjacent
sectors
Assessing the impact of CE actions on demand and relevant emission sources
Different qualitative and quantitative information needed to be collected for each CE action. The
information originated from:
•
•
•
•

Available data (e.g. LCA databases)
Available expertise and knowledge within the consultant team (e.g. knowledge from building
design and LCA projects and practice)
Literature
Expert interviews, to fill data gaps

Stating and bridging uncertainties related to data and calculations
It was particularly difficult to collect the necessary information for scaling up CE actions’ impacts to
EU level as data availability tended to be determined by studies focused on specific products and
regions (e.g. single-family residential buildings in Austria and Germany). A similar challenge is
posed when collecting baseline trends (current and projected) at the level of the specific product
types in the scope of the CE action, as this requires identifying baseline data specific to the product
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type. A less granular approach was used, where data from specific regions or for specific products
was generalised to the EU for the purpose of the exercise. The scope of the data is transparently
stated in the action sheets (see Appendix 5) so as to indicate the limitations of the calculations. A
sensitivity analysis was also performed to address uncertainties from single data sources. All values
can be seen in Appendix 3 from the shortlisted CE actions and their impact values, while the specific
sensitivities for actions where it was needed are summarised in the table below.
Table 5.5 Sensitivities for shortlisted CE actions.

CE action

Sensitivity

Explanation and source

Reducing use of structural
steel at design stage
(reducing overspecification)

36-46% reduction in CO2
emissions.

Reducing use of concrete at
design stage (reducing
overspecification)

10-12% reduction of concrete
and rebar (steel) and 6-24%
reduction in cement content
due to reduced strength class.

Range in accordance with current
research:
36% reduction in CO2 emissions (Dunant
et al., 2018).
46% reduction in CO2 emissions
(Moynihan and Allwood, 2014).
Practitioner estimate:
1) Reduction of concrete by 10-12%
2) Reduction of rebar by 10-12%
3) Reduction of strength class, equal to
6-24% reduction in cement content
(kg/m3)

Reuse structural steel

euse structural concrete
elements

Using timber as the
structural material in
residential buildings instead
of concrete and steel

Optimise the use of space in
residential buildings

Design for disassembly (DfD)

50-80% virgin structural steel
reduction per building
(dependent on existing building
for demolition).
50% reduction in need for new
prefabricated concrete
elements per building
(dependent on existing building
for demolition).
35-56% concrete reduction for
single/two family homes.
9-48% concrete reduction for
multi-story residential
buildings.
25% steel reduction for
residential buildings.
4-11% reduction in living
space

70-90% reduction in concrete
use from the first to second
life.

Calculation of cement reduction by
reducing strength class via Sika
Handbook.60
Range according to case study (K.
Guldager 2019).

Sensitivity added in the applicability
from 10-50%. Very limited data (based
on Salama, 2017).

Range according to research:
25% reduction at A1-3 (Eliassen, 2019)
35-56% reduction for single/two family
and 9-48% reduction for multi-storey
residential (Hafner and Schäfer, 2017).

Range according to study on living
spaces in Germany and on EU average
floor area per person (K. Purr, et al.
2019)
Range according to academia (Guldager,
2019 & Salama 2017).

Summarising findings per CE action
The findings of this step are summarised in the CE action sheets (see Appendix 5).The following
four examples are presented in detail to explain the approach employed when collecting and
analysing the data on CE actions’ impacts. These four CE actions are selected for their diversity with
regard to:
•
•

60

What data was available (regarding baseline and activity levels), and in particular how it was
used for later quantification;
How regional differences should be reflected;

T. Hirschi, H. Knauber, M. Lanz, J. Schrabback, C. Spirig, and U. Waeber. (2005). Sika ® Concrete Handbook.
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•
•

How feasibility can affect modelling scenarios;
How data gaps were addressed.

The information collected for these actions is also reflected in the CE action sheets (see Appendix
5).

1. Reducing use of structural steel at design stage (reducing overspecification)
Description of the CE action: Designing and building more efficiently to enable structural steel
to deliver the same service but using less of the material.
Data sources on impact: Data for this action was collected from two articles from the UK.61 The
studies provide an estimate of the share of structural steel which could be reduced thanks to design
optimisation methods, such as software-assisted design. They do so by estimating the unused mass
of structural steel, in other words the steel mass which could be eliminated at design stage without
affecting the strength or stability of buildings. Dunant et al. (2018) concluded that at least 36% of
the steel mass could be reduced, whereas Moynihan and Allwood (2014) concluded that 46% of the
steel mass in structural beams could be reduced.
Regionality of the data: The data used tends to be region-specific (UK). For the purpose of the
study, a sensitivity analysis was done to estimate what would be the potential impact of a wide
application of the action at EU level, taking into account possible regional differences. Differences
are, for instance, due to varying design practices which involve higher or lower excessive use of
steel. Furthermore, as steel recycling rates differ among EU regions, steel can have different
environmental impact, which in turn affects the level of CO2 reduction thanks to the action. The CO2
emission intensity of the energy supply and of the materials in the region also has an influence.
Feasibility considerations: The CE action also raises questions of feasibility, as for instance the
authors of the source studies assumed the use of software and the fact that higher steel use is
typically for economic reasons, i.e. to reduce labour costs (Moynihan and Allwood, 2014). It is also
for designers “to guard against changes in requirements during the design process” (Dunant et al.,
2018). The use of software can create a barrier, which over time and until 2050 may become less
significant, contributing to the spread of the practice. Furthermore, Member States’ building
regulations can pose a barrier to such CE actions.
Data on the applicability of the action: The two articles focused on steel-framed multiple storey
buildings, both residential and non-residential. The CE action was assumed to be applicable to long
and flat steel products in all buildings.
Future research: Similar studies as Dunant et al. (2018) and Moynihan and Allwood (2014) should
be conducted in other regions of the EU on the estimated excessive use of structural steel in
buildings. This would allow drawing more accurate EU-level estimates of the potential CO2 emission
reduction from the reduced use of structural steel.

2. Optimise the use of space per person in residential buildings.

61

Moynihan, M. C. and Allwood, J. M. (2014) ‘Utilization of structural steel in buildings.’, Proceedings. Mathematical, physical, and engineering

sciences. The Royal Society, 470(2168), p. 20140170. doi: 10.1098/rspa.2014.0170.
Dunant, C. F. et al. (2018) ‘Regularity and optimisation practice in steel structural frames in real design cases’, Resources, Conservation and
Recycling. Elsevier, 134, pp. 294–302. doi: 10.1016/J.RESCONREC.2018.01.009.
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Description: Optimising the use of living space by reducing the average surface of floor area per
person in new residential buildings, which in turn reduces the need in the amount of building
materials used per building to house each inhabitant.
Data sources on impact: The Umweltbundesamt study ‘Resource efficient pathways towards
Greenhouse-Gas-Neutrality-RESCUE’62 assumes a decrease in living space from 46.2 to 41.2 m²
floor space per inhabitant in Germany from 2030 to 2050, a reduction of 11%. A potential value for
the EU is derived for this study: if the average floor space in Europe is 43m2 per capita a decrease
to 41.2 m2 will result in a reduction of 4%.63 The German value was used in the high ambition
scenario in modelling, while the EU value was used as sensitivity.
Regionality of the data: As the European Commission notes, there is a large discrepancy among
Member States as regards the average space per person in residential buildings.64 Furthermore,
optimum space standards will also differ from country-to-country. Germany is one of the Member
States with above-average living space per inhabitant in the EU.
Feasibility considerations: The size of residential buildings and space per inhabitant has deeply
socio-cultural and economic dimensions, as they relate to individuals’ living choices in relation to
affordability and other influencing factors.
Data on the applicability of the action: The applicability of the action was based solely on the
findings of the German RESCUE study. 65 The action was assumed to apply to all residential
buildings.
The space optimisation action needs to be associated with a reduction in material demand in EU
residential buildings. This requires data on the share of cement and steel use in new residential
buildings (as a share of all cement and steel used in buildings). As EU data was not available, data
for Germany was used.
Future research: Market research on the possible scope of space optimisation in residential
buildings should be conducted to make reasonable estimates of the acceptable level of space
reduction at EU level or in different regional markets. The same methodology as presented in this
study could then be applied using more robust assumption from suggested future research.

3. Extend buildings’ lifetime by renovating rather than demolishing and rebuilding
Description of the CE action: Building renovation is normally conducted to improve the quality
of life of a building’s inhabitants and reducing the building’s environmental impact, including by
improving energy efficiency. Renovation has been found to have a lower building material embodied
CO2 emission impact than demolishing and building anew, and can potentially offset the creation of
new buildings. This latter effect is what is modelled in this study.
Data sources on impact: This study’s model estimates a 7.5% reduction in the demand for new
buildings as a result of renovating 1% of the building stock per year. The value of 7.5% results
from the thought that renovating extends the lifetime of buildings and therefore reduces the
demand for new buildings. The study assumes 80 years as the reference average lifetime of
buildings. The extended lifetime (after renovation) is assumed to be 100 years on average. With a
1% renovation rate and looking at 2050, 30% of the stock would undergo renovation and have an
extended lifetime to 100 years. On average for the whole stock, this yields a lifetime of 86 years.
62

Günther, J., Lehmann, H., Nuss, P., Purr, K. (2019). Resource-Eficient Pathways towards Greenhouse-GasNeutrality – RESCUE.

Umwelbundesamt.
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Source for the average floor area per person in EU 28: https://ec.europa.eu/energy/en/content/housing-space-person
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https://ec.europa.eu/energy/en/content/housing-space-person
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Günther, J., Lehmann, H., Nuss, P., Purr, K. (2019). Resource-Eficient Pathways towards Greenhouse-GasNeutrality – RESCUE.

Umwelbundesamt.
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These six years higher average lifetime reduce the demand for new buildings that would have
replaced the old ones by 7.5% (6/80).
Regionality of the data: The data is not regionalised, assumptions are made based on high level
EU values.
Feasibility considerations: Knowing the material composition of a building is a significant factor
for renovating buildings, such that materials can be kept or reused. Building renovation is therefore
sometimes made difficult due to not knowing the material composition of buildings. Demolition and
rebuilding can then seem more attractive. Renovating is however cheaper than demolishing and
rebuilding.
Data on the applicability of the action: The values used to estimate the applicable share of
buildings were based the hypothesis contained in the European Commission’s impact assessment
for the revised Energy Performance of Buildings Directive that 3% of the EU building stock should
be renovated annually, and that the estimated current renovation rate was of 1% annually.66 The
current renovation rate was used in modelling.
Future research: This study focused here on the reduction in demand for new buildings from
renovation actions which extend building’s lifetime. Future research should take into account the
impact of energy efficient renovations on energy use and related emissions before and after
renovation, as well as the impact of embodied carbon emission differences between renovating vs.
demolishing and building anew (i.e. ‘whole’ lifecycle emissions). Comparative LCA studies should
be conducted for different types of buildings across the EU to understand the differences in
mitigation potential of renovating versus rebuilding.

4. Design for disassembly
Description of the CE action: Design for disassembly facilitates the disassembly of building
elements for their reuse or recycling. This is an important action to contribute to the circular
economy, as currently building parts can be damaged when taken apart. However, potential CO2
emission reductions of designing buildings for their future disassembly are likely only materialising
beyond the period of scope (2050). Designing buildings for disassembly will only benefit the “future”
building which will reuse the existing building’s parts. This is important to avoid the risk of double
counting.67
Data sources on impact: The data on potential savings from design for disassembly were collected
from an example case of a building for which 70-90% of the precast concrete elements could be
reused.68 As explained in the description above, emission saving effects would only be accounted
for at the beginning-of-life of the new building benefiting from the used parts (see Data on the
applicability of the action below).
Regionality of the data: A key factor determining the amount of CO2 emissions from design for
disassembly is the variable CO2 emission intensity of material production which is disassembled for
reuse (rather than produced anew) across the EU.

66

European Commission. (2016). COMMISSION STAFF WORKING DOCUMENT IMPACT ASSESSMENT Accompanying the document Proposal for a

Directive of the European Parliament and of the Council amending Directive 2010/31/EU on the energy performance of buildings. Available at:
https://ec.europa.eu/energy/sites/ener/files/documents/1_en_impact_assessment_part1_v3.pdf
67

It is crucial to take care of the risk of double counting emission savings from design decisions and occurring at the end of life on the one hand

(e.g. designing a building for its end-of-life disassembly and subsequent reuse of the materials), and those from design decisions with immediate
substitution benefits on the other (such as reusing materials from disassembled/demolished buildings for a new building). Due to this risk, it is
sometimes preferred to only account for the latter type of action.
68

Paananen, T. and Suur-Askola, P. (2018) ‘White Paper: In search of a bright, circular future!’
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Feasibility considerations: Design for disassembly is technically and economically easier where
“building habits are more developed, more sophisticated building techniques are available and
transport networks are more dense” (Santos & Brito, 2007, p. 9).69 Similar to its environmental
benefits, the economic benefits of design for disassembly tend to only be reaped at the end of life
for the building e.g. in 80 or 100 years. Design for disassembly will require education of all value
chain actors in order to become mainstream, from developers and designers to construction
workers.
Data on the applicability of the action: Due to the study’s timeframe considering impacts until
2050, only few new buildings built between 2020 and 2050 may actually be dismantled and are
therefore accounted in the Step 4 modelling. The reason for this apparent discrepancy is a time-lag
between the implementation of the action and the benefits, caused by the long lifetime of buildings.
In this project, we assume an average lifetime of 80 years70. Putting this into the model perspective,
this means that buildings built from now on (2020), are likely to be in the stock until 2100. A normal
distribution was used to assume the number of buildings that could be designed and built for
disassembly, and subsequently taken apart before 2050. Until 2050 (30 years in), only 0.6% of the
buildings will have been replaced. Therefore, the availability of reusable building elements that have
been designed for disassembly is limited. Furthermore, the impact data was only estimated for
concrete.
Future research: Further research and cases on design for disassembly would be needed to draw
more accurate estimates of its impacts across the EU.

5. Use timber as the structural material in buildings instead of mineral materials
Description of the CE action: Timber products such as cross-laminated timber (CLT) offer
sufficient technical properties to be used as a structural material to build tall buildings (depending
on the design), thus effectively replacing other mineral-based structural materials such as steel and
concrete. Although timber production still emits CO2, trees used to build have absorbed CO2 over
their lifetime, making timber as a construction material a net carbon sink.
Data sources on impact: This CE action relates to material substitution. The approach in the
literature for assessing the impact of material substitution is by comparing similar buildings’ CO2
emission performance in an LCA, based on a single unit of measurement: the embodied CO2
emissions in kilograms per square metre (kgCO2-eq./m2). According to Kalt (2018) citing Hafner and
Schäfer (2017) referring to buildings constructed in Austria and Germany, "For single- and twofamily buildings, CO2 savings according to Hafner and Schäfer range from 77 to 207 kgCO2-eq./m2,
corresponding to relative savings between 35 and 56%." For the modelling in this study, an average
value of 45% was used.
It is important to note that the Hafner and Schäfer (2017) study does not assume the carbon
neutrality of timber, but balances life cycle emissions with carbon storage during tree growth. Due
to the carbon storage properties of timber, timber buildings emerge as more climate friendly than
mineral building when comparing CO2 emissions during the product and end-of-life stage, excluding
use stage (and therefore operational energy use). Nevertheless, the study used buildings with
identical energy standards and energy use.
Regionality of the data: The data used originates from Austrian and German timber vs. mineralbased residential buildings. LCA findings for residential buildings in other geographical contexts will
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Santos, A. and De Brito, J. (2007) ‘Building deconstruction in Portugal: A case study’, Portugal SB 2007 - Sustainable Construction, Materials and

Practices: Challenge of the Industry for the New Millennium, pp. 1059–1066. Available at:
https://www.researchgate.net/publication/280014876_Building_deconstruction_in_Portugal_A_case_study.
70

Cui, D. Q. 2014
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likely differ, for instance based on the distance over which the timber material must be transported
for manufacturing and construction, but also on the emission performance of mineral buildings.
Feasibility considerations: Numerous cases of CLT buildings across Europe underline the
technical feasibility. Regulations regarding fire safety in the building industry related to the number
of floors for wooden buildings across Europe can however prevent the diffusion of high-rise timber
buildings.
Data on the applicability of the action: Timber can be used for any dwelling, the action was
therefore applied to all residential buildings.
Future research: Similar studies as Hafner and Schäfer (2017) should be conducted in other
regions of the EU on the comparative impacts of timber vs. mineral materials in various types of
buildings. This would allow drawing more accurate EU-level estimates of the potential CO2 emission
reduction from the substitution of mineral structures with timber structures.

5.4

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

The scoping revealed that the majority of emissions in the buildings sector is material and energy
driven, suggesting that the proposed material flow approach is better suited than the coarser topdown MRIO approach. The subsequent analysis of the buildings sector will therefore be conducted
with a material flow approach. The two largest contributors are cement and steel, which are
discussed in more detail below. Other inputs to the construction sector, such as brick, glass, plastics
and rubber, are not modelled in this study.
The quantification of the CE actions' impacts consists of three parts. First, the status quo material
and emission flows are defined, based on 2015 data. Second, the effects of CE actions on specific
parts of the material flow are applied, according to their assessment in Step 3. These effects change
material and emission flows. Third, the change in transport demand is calculated if deemed relevant,
based on the changed material flow. In the following paragraphs, these steps are described in detail
for the investigated materials cement and steel.
5.4.1

Cement and concrete

Figure 5.3 Cement: Material flow of concrete in the base case (EU28, data basis 2015)
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Source: Fraunhofer ISI using e!Sankey

5.4.1.1

Material flow

The model follows the material flow and focusses on the impacts of the selected CE actions in all
life-cycle stages of the emission-intensive manufacturing stage, the construction sector and
material transport. Figure 5.3 shows the modelled material flow of cement in the EU28 in 2015,
which is used as a basis to determine the impact of CE actions on the CO2 emissions of the sector.
Raw material preparation
Acquisition and preparation of raw material in the case of cement production includes the mining of
limestone and other material (185 Mt) and their grinding to form raw meal. Limestone71 is quarried
on-site and emissions from quarrying itself are excluded from the model. These emissions are
generated by fuel use to operate excavators and other machinery; they are negligible. Note that
transport of raw material to the manufacturing site is included in the model. The raw material
preparation (grinding) requires about 25 kWh/t cement of electricity. When additional drying is
necessary, internal waste heat from the burning process is used. The model therefore does not
consider additional fuel demand in this manufacturing step. Except for transport, no emissions are
thus considered in this stage of the material flow. With a European emission factor for electricity
generation of 0.4 tCO2-eq./MWh72 the indirect emissions from raw meal acquisition can be estimated
to 0.01 tCO2-eq./t cement (below 1.5% of specific emissions along the entire material flow).
Basic material production
The basic material production of cement happens mostly in rotary furnaces and includes the burning
of the raw meal to clinker. The thermal efficiency of the burning process is relevant to the energyrelated emissions but not affected by circular actions considered here. The model still includes the
information on high efficiency (HE) and low efficiency (LE) burning. The burning of clinker is the
main emitter of CO2 in the entire concrete material flow. It includes process-related emissions of
about 0.53 tCO2/t clinker73 and energy related emissions caused by the combustion of fuel of up to
0.4 tCO2/t clinker. In the kiln mass balance, about 44% of the limestone are released to the
atmosphere as process-related CO2 (66 Mt).
Further processing
The further processing of clinker consists of grinding and blending of clinker to cement. In this
manufacturing step, the burned clinker is either ground with small shares (<5%) of additives74 to
form Portland-cement (CEM I), or with high shares of clinker substitutes (up to 95%, CEM III/C) to
form other cement types. Electricity demand of this stage can be estimated to 90 kWh/t cement,
with associated indirect emissions of 0.036 tCO2-eq./t cement.
Fabrication
The fabrication of cement considers the mode of delivery. Transport cement, 'ready-mix' (88 Mt) is
mixed to concrete at the construction site. Precast concrete elements are prepared and hardened
at dedicated places (45 Mt). 'Other' forms of cement use include retail distribution (bagged) and
mortar and plasterwork (23 Mt). The type of delivery influences the circular actions available to
71 We use the term 'Limestone' as the main calcium-carrier. However, other materials are used (marl, chalk) based on the local availability.
72 https://publications.jrc.ec.europa.eu/repository/bitstream/JRC107518/jrc_technical_reports_-_com_default_emission_factors-2017.pdf
73 This is the value usually assumed in literature. For reasons of mass balance consistency, the model utilizes this value as a benchmark to
calibrate the raw meal input in the kiln. This leads to an adjustment of the limestone use per ton of clinker from 1.17 to 1.22.
74 E.g. gypsum, which is used to influence the hardening speed.
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some degree, e.g. the reuse of building elements and the transport demand. The cement is mixed
with air, water and aggregates (sand, gravel) to form concrete. Material flows within the
construction/building industry are not modelled explicitly (e.g. use of water and electricity on the
construction site). Instead, the emissions from the construction/building phase are calculated based
on available statistics of the construction industry's energy demand and energy carrier shares
according to the Eurostat Energy Balance. For the scenario calculation, the construction sector's
energy demand is affected by some CE actions, but otherwise assumed to be the same as 2015.
This implies the same overall level of building activity and is thus in line with the assumption of
constant framework conditions in other areas.
End-use and end of life
The model considers three types of concrete end-use: Residential buildings (356 Mt), nonresidential buildings (398 Mt) and infrastructure (406 Mt). During the end use stage, recarbonisation
of the concrete may occur, binding a small share of the CO 2 emissions previously released during
manufacturing. About 37% of the concrete used in construction is (by balance) available as
demolition waste (59 Mt). It is currently used as aggregate e.g. in infrastructure but could be made
available for use in buildings.
5.4.1.2

Transport

The impact of transportation on the construction sector is estimated by following the material flows
not from a manufacturing-, but from a transport-mode and site-centered perspective (Figure 5.4).
Logistics of machinery and personnel are not represented. The transportation is categorized by
international/domestic trade, the mode of transportation and the main material types. The general
approach considers average transport ranges, the amount of transported goods, mode-specific
emission factors and the modal split to assign emissions to each of the transport categories.
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Figure 5.4 Cement: Material flows related to cement (transport-centered).75

Source: Fraunhofer ISI using e!Sankey

International trade
Only extra-EU trade is considered for international trade, as information on amount and range on
intra-EU trade is scarce. The model assumes trade (import and export) streams of clinker of 3 Mt
(about 2.4% of domestic production) and trade streams of cement of 24 Mt (about 15% of domestic
production). Both trade streams use sea ships as only mode of transport, with an assumed range
of 500 km for clinker and 2000 km for cement76. The emission factor of sea ships is assumed 0.008
tCO2/kt/km77.
Domestic trade
Domestic transport includes the delivery of primary and substitute material to the cement plant
(from quarries or other industrial installations, e.g. blast furnaces). The former transport range is
small, as cement plants are usually located near respective resources. The model assumes 10 km
transport per truck as an upper limit. Substitute material is assumed to be transported by truck
(75%, 200 km) and train (25%, 300 km). It can be noted that these assumptions create a

76 Assumption based on main trade partners given in Trinomics 2018: Quantifying the benefits of circular economy actions on the decarbonisation
of the EU economy.
77 Guidelines for Measuring and Managing CO2yyy-* Emission from Freight Transport Operations
(https://www.ecta.com/resources/Documents/Best%20Practices%20Guidelines/guideline_for_measuring_and_managing_CO2yyy-*.pdf)
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substantial difference in specific emissions (0.01 tCO2/t substitutes compared to 0.0006 tCO2/t
primary material). This is a possible trade-off of increased clinker substitution, although the overall
impact is low.
In addition, intra-EU transport of clinker to cement producers without their own clinker production
is considered. The transported amounts are low (about 5 Mt)78, and a modal split of 20% ship
(inland), 10% train and 70% truck is assumed with ranges between 100 km and 200 km. Finally,
the transport of cement to construction- (and precast-) sites includes the entire cement and
concrete production. For pre-cast cement, it is assumed that the entire mass is transported twice
(cement and aggregates to pre-cast site, pre-cast element to construction site). Due to the high
share of aggregates in concrete, about 90% of transport emissions are generated in concrete and
aggregate transport, despite its lower transport distances (about 100 km by truck). Emissions from
cement and clinker transport have limited relevance.
5.4.1.3

Impact of CE actions

Based on Step 3, the shortlisted CE actions are interpreted and used in the model (see Table 5.6).
They consist of five properties (values in brackets are given as example for 'reuse structural
concrete elements'):
1. the 'base for applicability', which defines the material use affected by the action (e.g. nonresidential buildings);
2. the 'applicability' of the action, which determines which share of the targeted material is
affected by the action (e.g. 30% of non-residential pre-cast elements can be reused);
3. the 'affected model value' describes the qualitative link to the material flow (e.g. concrete
used in pre-cast elements)
4. the 'CE actions specific impact' (unit impact) on the applicable base, which describes the
quantitative link (e.g. 50% reduced concrete use); and
5. the 'diffusion', which defines the model assumption about the actual application of the CE
action compared to the maximum applicability (e.g. share of affected buildings), leading to
the differentiation between the medium and high ambition scenario.
With these CE action specific data points, a resulting (total) impact of the action is calculated. An
example: Figure 5.5 (bottom) shows a section of the material flow with the CE action 'reduce
overspecification (volume)' set to 100% diffusion. This action reduces the concrete use in buildings
by up to 12% (unit impact), applicable to all residential and non-residential buildings (base for
applicability: concrete use in buildings, applicability: 100%). The resulting emission reductions
consist of reduced emissions from manufacturing (9 Mt) as direct effect of reduced material
demand, and reduced transport demand as an indirect effect (0.85 Mt).

78 Based on: sectoral investigation cement and transport concrete (final report July 2017),
https://www.bundeskartellamt.de/SharedDocs/Publikation/DE/Sektoruntersuchungen/Sektoruntersuchung%20Zement%20und%20Transportbeto
n.html
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Figure 5.5 Cement: Example of CE action impact on material flow (top: status quo; bottom: 100% diffusion of
'reduce overspecification (volume)'.

Source: Fraunhofer ISI using e!Sankey

Actions that affect the same model value can be either additive or multiplicative. Additive impacts
include actions with the same quality. The impact of these actions is summed up. For example,
12% less concrete use due to reduced overspecification by volume, 24% by strength class yield
36% reduction overall. These actions thus do not depend on each other. Multiplicative impacts on
the other hand include actions with diminishing returns. For example, a more efficient use of
concrete with less overspecification has a lower overall impact if less residential space is needed
and thus less cement used. In numbers, 12% less concrete use due to 'reduce overspecification
(volume)' and 36% reduced concrete use due to 'optimize the use of space in office buildings' yields
43.7% reduction (1-0.88*0.64), before applicability and diffusion are considered. This
differentiation increases in relevance when multiple CE actions interact. The most affected model
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value is the 'concrete use in residential' parameter, as several of the selected CE actions address
it. The base value (2015) of 30.7% is reduced drastically by the combined effect of reduced
overspecification, use of timber, optimized use of space, renovation instead of new buildings and
design for disassembly. In the high ambition scenario, these effects would sum up to 81% reduction.
However, as the effects (with the exception of the two 'reduce overspecification') are treated
multiplicative, the combined effect yields 64% reduction (high ambition).
The action to recycle cement from construction waste—which is today used as lower value aggregate
e.g. in infrastructure—is modeled as direct replacement of new cement. It thus lowers the clinker
production and all emissions associated with it.
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Figure 5.6 Cement: Example of CE action impact on material flow (top: no actions; bottom: 100% diffusion of
'recycle cement in construction waste').

Source: Fraunhofer ISI using e!Sankey

Of the 12 shortlisted actions relevant for cement, 7 reduce cement demand in residential or nonresidential buildings, one affects the share of limestone in clinker production (Use other types of
cement as a substitute for ordinary cement), one affects the emissions during manufacturing
directly (Use innovative pre-cast concrete as a substitute for ordinary cement), one affects the
cement available from recycling and one (Use industry by-products in cement production) reduces
the clinker demand for cement production. Two also affect the energy use in the construction sector
by reducing the construction activity (Table 5.6).
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Table 5.6 Cement: Model implementation of shortlisted CE actions.

Name

Diffusion

Base for
applicability
Concrete use in
buildings

Applicability

Affected
model value
Concrete use
(buildings)

Impact

Reducing use of concrete at
design stage (reducing over
specification by volume)
Reducing use of concrete at
design stage (reducing over
specification by strength
class)
Use other types of cement as
a substitute for ordinary
cement
Use innovative pre-cast
concrete as a substitute for
ordinary cement
Use industry by-products in
cement production
Use timber as the structural
material in buildings instead
of mineral materials in
residential buildings
Optimize the use of space in
office buildings
Optimize the use of space in
residential buildings
Renovate instead of building
anew
Reuse structural concrete
elements
Recycle cement in concrete
waste using innovative
technology
Design buildings for
disassembly

50%/100%

50%/100%

Cement in
concrete
(buildings)

100%

Cement share
in concrete

-29%

50%/100%

All cement

30%

Limestone use
in clinker

-50%

50%/100%

Precast concrete

100%

-70%

50%/100%

Cement use

15%

50%/100%

Residential
buildings

100%

Process-related
emissions in
pre-cast
Clinker share in
cement
Concrete use in
residential

50%/100%

Non-residential
buildings
Residential
buildings
Residential
buildings
Concrete use in
buildings
Construction
waste

100%

Concrete use in
non-residential
Concrete use in
residential
Concrete use in
residential
Pre-cast
concrete use
Alternative
cement-source

-36%

All concrete
buildings

28%

Reusable
concrete (precast)

-70%

50%/100%
50%/100%
50%/100%
50%/100%

50%/100%

100%

100%
100%
30%
100%

-12%

-80%
-45%

-11%
-7.5%
-50%
-25%

In this study, two ambitious scenarios are considered (see Step 5): a medium-ambition
scenario, in which all actions diffuse by 50%, and a high-ambition scenario with 100%
diffusion of all actions. This is the only difference between the scenarios, e.g. the unit impact of the
CE actions or their applicability remains unchanged. The diffusion value changes the degree to which
the CE actions are realized.
In the following tables (Table 5.7 and Table 5.8), each CE action impact (see lines in the tables) for
cement and concrete are displayed individually showing their impact on CO2 emissions sources (see
columns in the tables) separately. The emission reduction is shown as difference to the base case.
For example, the CE action 'Reducing use of concrete at design stage (reducing over specification
by strength class)' reduces the CO2 emissions from the source 'manufacturing process related' by
8.11 Mt, the CO2 emissions from the source 'manufacturing energy related' by 6.12 Mt and those
from the source 'manufacturing indirect (electricity) by 0.87 Mt. It increases the emissions from
the manufacturing of aggregates and transport by 1.12 Mt. In sum, this CE action alone would
contribute 13.98 Mt emission reduction to the base case total emissions of 158.86 Mt. Note that
the sum of the individual CE actions' contribution presented in Table 5.7 does not equal the total
emission reduction due to diminishing returns on multiplicative effects (see explanation above). In
the high ambition scenario, the difference between the individual actions' contribution and their
combination amounts to 60 Mt.
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Table 5.7 Cement: Contribution of individual CE actions to the high-ambition scenario's emission reduction (sum of CE actions' contribution does not add up to
combination, see explanation on diminishing returns above).
Emission reduction in Mt

Cement

Emission source

Manufac
-turing
processrelated

Manufac
-turing
energyrelated

Base case 2015 (total emissions)

66.15

Reducing use of concrete at design
stage (reducing over specification by
volume)
Reducing use of concrete at design
stage (reducing over specification by
strength class)
Use other types of cement as a
substitute for ordinary cement
Use innovative pre-cast concrete as a
substitute for ordinary cement
Use industry by-products in cement
production
Use timber as the structural material in
buildings instead of mineral materials
in residential buildings
Optimize the use of space in office
buildings
Optimize the use of space in residential
buildings
Renovate instead of building anew

Transport

Construction

SUM

Manufac
-turing
Aggregates

Ship
international

Ship
inland

Train

Truck

Energy
use

Indirect
(electricity)

49.97

Manufac
-turing
indirect
(electricity)
7.12

3.38

0.28

2.22

0.90

7.60

13.70

7.53

Cement,
Transport &
Construction
158.86

5.16

3.90

0.56

0.26

0.02

0.17

0.07

0.59

0.00

0.00

10.74

8.11

6.12

0.87

-0.38

0.03

-0.18

-0.06

-0.53

0.00

0.00

13.98

9.92

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

9.94

13.38

10.11

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

23.49

7.94

6.00

0.00

0.00

0.01

0.00

-0.02

-0.12

0.00

0.00

13.79

9.14

6.90

0.98

0.47

0.04

0.31

0.12

1.05

0.00

0.00

19.01

8.17

6.17

0.88

0.42

0.04

0.27

0.11

0.94

1.23

0.68

18.91

2.23

1.69

0.24

0.11

0.01

0.07

0.03

0.26

0.43

0.23

5.31

0.72

0.54

0.08

0.04

0.00

0.02

0.01

0.08

0.31

0.17

1.98

Reuse structural concrete elements

6.21

4.69

0.67

0.32

0.03

0.21

0.08

0.71

0.00

0.00

12.93

Recycle cement in concrete waste using
innovative technology
Design buildings for disassembly

6.19

4.68

0.67

0.00

0.03

-0.02

0.00

-0.03

0.00

0.00

11.51

0.05

0.04

0.01

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.11

Combination (remaining emissions)

18.60

16.53

3.36

2.43

0.13

1.57

0.64

5.32

12.15

6.68

67.41
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Table 5.8 Cement: Contribution of individual CE actions to the medium-ambition scenario's emission reduction (sum of CE actions' contribution does not add up to
combination, see explanation on diminishing returns above).
Emission reduction in Mt

Cement

Emission source

Manufac
-turing
processrelated

Manufac
-turing
energyrelated

Base case 2015 (total emissions)

66.15

Reducing use of concrete at design
stage (reducing over specification by
volume)
Reducing use of concrete at design
stage (reducing over specification by
strength class)
Use other types of cement as a
substitute for ordinary cement
Use innovative pre-cast concrete as a
substitute for ordinary cement
Use industry by-products in cement
production
Use timber as the structural material in
buildings instead of mineral materials
in residential buildings
Optimize the use of space in office
buildings
Optimize the use of space in residential
buildings
Renovate instead of building anew

Transport

Construction

SUM

Manufac
-turing
Aggregates

Ship
international

Ship
inland

Train

Truck

Energy
use

Indirect
(electricity)

49.97

Manufac
-turing
indirect
(electricity)
7.12

3.38

0.28

2.22

0.90

7.60

13.70

7.53

Cement,
Transport &
Construction
158.86

2.58

1.95

0.28

0.13

0.01

0.09

0.04

0.30

0.00

0.00

5.37

4.05

3.06

0.44

-0.18

0.02

-0.08

-0.03

-0.23

0.00

0.00

7.05

4.96

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

4.97

6.69

5.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

11.75

3.97

3.00

0.00

0.00

0.00

0.00

-0.01

-0.06

0.00

0.00

6.90

4.57

3.45

0.49

0.23

0.02

0.15

0.06

0.53

0.00

0.00

9.51

4.08

3.09

0.44

0.21

0.02

0.14

0.06

0.47

0.74

0.41

9.64

1.12

0.84

0.12

0.06

0.00

0.04

0.02

0.13

0.22

0.12

2.67

0.36

0.27

0.04

0.02

0.00

0.01

0.00

0.04

0.16

0.09

0.99

Reuse structural concrete elements

3.11

2.35

0.33

0.16

0.01

0.10

0.04

0.36

0.00

0.00

6.46

Recycle cement in concrete waste using
innovative technology
Design buildings for disassembly

3.10

2.34

0.33

0.00

0.01

-0.01

0.00

-0.02

0.00

0.00

5.75

0.03

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

Combination (remaining emissions)

39.50

32.26

5.44

3.13

0.21

2.02

0.82

6.91

13.27

7.30

110.87
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5.4.1.4

Data and assumptions

The material flow is based on production and consumption data, but also includes several
assumptions to fill data gaps. These add uncertainties to the results. Table 5.9 presents the most
influential data points for the material flow and the transport demand, as well as a confidence
estimates.
Table 5.9 Cement: Selected data points and model assumption.

Stage
Manufacturing

Processing
and use

Indicators
Clinker
production
Cement
production
SEC_heat
average
Limestone use
per tClinker
Other raw
material use
per tClinker
Clinker/Cement
Share biomass
on total energy
Share fossil
fuels on total
energy
Share
alternative fuel
on total energy
Process-related
emissions
(clinker)
Cement in
residential
Cement in nonresidential
Cement in
infrastructure
Cement as
transport
concrete
Cement as
precast
concrete
Cement as
other
deliverable
Share of
cement in
ready-mix
concrete
Share of
cement in
precast
concrete
Share of
aggregates in

Value
125

Unit
Mt

Type
Statistics

Source
GNR project79

Confidence
High

157

Mt

Statistics

GNR project

High

3.73

GJ/t

Statistics

GNR project

High

1.17

t/t

Assumption

Medium

0.31

t/t

Assumption

Example Germany
(Basten 2002)80
Example Germany
(Basten 2002)

0.80
15

t/t
%

Calculated
Statistics

GNR project

High
High

57

%

Statistics

GNR project

High

28

%

Statistics

GNR project

High

0.53

tCO2/tClinker

Kiln mass
balance

31

%

Assumption

34

%

Assumption

35

%

Assumption

56

%

Assumption

29

%

15

Medium

High

Example
(VDZ)81
Example
(VDZ)
Example
(VDZ)
Example
(VDZ)

Germany

Medium

Germany

Medium

Germany

Medium

Germany

Medium

Assumption

Example Germany
(VDZ)

Medium

%

Assumption

Example Germany
(VDZ)

Medium

13

%

Literature

Opterra 2015
(Concrete
handbook)82

High

17

%

Literature

InformationsZentrum
Beton GmbH (2014)83

High

68

%

Literature

Sustainable Concrete
Performance Report84

High

79

https://gccassociation.org/gnr/

80

Basten, Michael (2002): Zementrohstoffe in Deutschland. Geologie, Massenbilanz, Fallbeispiele. Düsseldorf: Verl. Bau und Technik

81

https://www.vdz-online.de/publikationen/zahlen-und-daten/c-zementabsatz-und-verbrauch/#c18514

82

https://www.opterra-crh.com/betonhandbuch/opterra-betonhandbuch/

83

Information to environmental protection declaration for concrete (in German):

https://betonshop.de/media/wysiwyg/PDF/epd_broschuere_2014.pdf
84

https://www.sustainableconcrete.org.uk/MPA-ACP/media/SustainableCon-Media-Library/Pdfs%20-

%20freely%20downloadable/TIC_10thPerfReport_Jul18-CARBON.pdf
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Stage

Transport

85

Indicators
concrete (ready
mix)
Share of
aggregates in
concrete (precast)
Energy use in
construction
sector
Truck emission
factor
Train emission
factor
Ship (inland)
emission factor
Ship (sea)
emission factor
Transport range
concrete and
aggregates
(truck)
Transport range
concrete and
aggregates
(train)
Transport range
concrete and
aggregates
(ship)

Value

Unit

Type

Source

Confidence

63

%

Assumption

76

TWh

Statistics

Eurostat energy
balance

High

0.06

tCO2/kt-km

Literature

ECTA 201185

High

0.02

tCO2/kt-km

Literature

ECTA 2011

High

0.03

tCO2/kt-km

Literature

ECTA 2011

High

0.01

tCO2/kt-km

Literature

ECTA 2011

High

100

km

Literature

Example Germany
(Federal Cartel Office
2017)86

Medium

300

km

Assumption

Low

500

km

Assumption

Low

Guidelines for Measuring and Managing CO2 Emission from Freight Transport Operations

(https://www.ecta.com/resources/Documents/Best%20Practices%20Guidelines/guideline_for_measuring_and_managing_co2.pdf)
86

Sectoral investigation cement and transport concrete (final report July 2017),

https://www.bundeskartellamt.de/SharedDocs/Publikation/DE/Sektoruntersuchungen/Sektoruntersuchung%20Zement%20und%20Transportbeto
n.html
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5.4.2

Steel

Figure 5.7 Steel: Simplified steel material flow in the base case (EU28, data basis 2015).

Source: Fraunhofer ISI using e!Sankey

5.4.2.1

Material flow

The model is designed to follow the material flows of the steel industry in a simplified manner and
focusses on the impacts of the selected circular economy actions on the emission-intensive
domestic manufacturing stage. As the cement industry is the main contributor of CO2 emissions in
the construction sector (see Step 1) and the major MFA priority within the project, the steel
industry has been analyzed with lower priority.
Figure 5.7 shows the modelled simplified material flow for steel in the EU28 in 2015. Steel
production can be divided into four major steps along the value chain (Figure 5.7).
Raw material preparation
Basis for the production of crude steel is iron ore or scrap depending on the production route used.
1.37 tonnes of iron ore and 0.125 tonnes of recycled steel for the production of one tonne of steel
in the integrated steelmaking route (BF/BOF) or 0.71 tonnes of recycled steel and 0.586 tonnes of
iron ore for the production of one tonne steel in the electric arc furnace route (EAF)87. CO2 emissions
from mining and raw material collection (mainly iron ore and end-of-life scrap) are not included in
the ETS and are therefore not considered further in the project.
Basic material production
The iron and steel making involves three key process stages: raw material preparation, iron making,
and steel making. Here it is important to distinguish between the two main production routes of the
87

World Steel Association (2019): Fact sheet: Steel and raw materials.
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steel industry: primary steel making in Blast Furnaces and Basic Oxygen Furnaces and secondary
steel making in Electric Arc Furnaces. Primary steel making using direct reduction plants is not
largely used in the EU and is therefore not considered in detail in this project. During raw material
preparation in primary production, coal is converted into coke through a pyrolysis process in a coke
oven plant, producing coke, coke oven gas and liquids. To enable the iron ore reduction process in
the next stage, the raw materials go through sintering or pelletisation. During iron making raw
material (coke, sinter, pellets, lump ore) is fed into the Blast Furnace that reduces the iron oxides
to hot metal. In the last stage of the primary steel making process, impurities are regulated within
the hot metal feedstock including the reduction of carbon content, regulation of desirable elements,
and burning of impurities in the BOF. Secondary steel making process involves direct smelting
of materials containing steel typically from scrap and recycled iron feedstock from waste streams,
essentially omitting the energy intensive processes of coal pyrolysis, sintering and iron ore
reduction. In this process, the steel scrap is melted and refined in an Electric Arc Furnace. For the
assumptions on specific energy demand and specific process emissions see Table 5.12.
Further processing
Via further processing crude steel is processed into finished steel products: hot rolled flat, hot rolled
long and tubular products. Many flat products have to fulfil higher quality demands and hence
require additional refining steps. In the project, it is assumed that long products, due to their lower
quality requirements, can be assigned to the electric arc furnace route and flat products to the blast
furnace route (Renda et al. 2013). For the assumptions on specific energy demand see .
End-use and end of life
The main steel demanding sectors in the EU are construction (33%), automotive (19%),
engineering (15%), metalware (14%) and tubes (11%)88. The share of building steel demand in
the total steel demand of the construction sector has been estimated based on Allwood et al. 2011
which calculated a share of 74% on global level. The share of flat products used in the buildings
sector is based on Eurofer 2018 (see Table 5.9).
5.4.2.2

Impact of CE actions

Similar to the cement industry the shortlisted CE actions of Step 3 are interpreted and used in the
model (Table 5.10). They consist of five properties, which have already been discussed in section
5.4.1.3.
Table 5.10 Steel: Model implementation of shortlisted CE actions for steel.

Name

Diffusion

Reducing
overspecification
(volume)
Reuse structural steel

50%/100%

50%/100%

Base for
applicability
Steel use in
buildings

Applicability

Steel use in
buildings

100%

100%

Affected model
value
Long and flat steel
products (buildings)

Impact

Long and flat steel
products (buildings)

-65%

-41%

Figure 5.8 shows a section of the material flow with the CE action 'reduce overspecification
(volume)' set to 100% diffusion. This action reduces the steel use in buildings by approx. 41%,
applicable to all residential and non-residential buildings. This reduces the steel demand in
construction by 34% (-41% demand for flat and -30% for long products) leading to a 10% reduction
of overall steel production (under the assumption of constant net-exports of steel compared to the
base case). Under the previous stated assumption that flat products are mainly produced within the
primary production route while long products stem mainly form the EAF route the resulting emission

88

Eurofer: Steel in Figures
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reductions compared to the base case (-39%) consist of reduced process-related emissions (1.56
from to 0.95 Mt) and energy-related emissions (39.02 from to 23.9 Mt, see table ).
Figure 5.8 Steel: Example of CE action impact on material flow (top: status quo; bottom: 100% diffusion of
'reduce overspecification (volume)'.

Source: Fraunhofer ISI using e!Sankey

Figure 5.9 shows a section of the material flow with the CE action 'reuse structural steel' set to
100% diffusion. This action reduces the steel use in buildings by approx. 54%, applicable to all
buildings. This reduces the steel demand for flat products by 65% and for long products by 48%
leading to a 16.6% reduction of overall steel production (under the assumption of constant net-
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exports of steel compared to the base case and that flat products are mainly produced within the
primary production route while long products stem mainly form the EAF route). The resulting
emission reductions compared to the base case (-59%) consist of reduced process-related
emissions (from 1.56 to 0.59 Mt), reduced direct fossil energy-related emissions (from 39.02 to
15.1 Mt, see table Table 5.11), and indirect energy-related emissions (electricity: from 13.8 Mt to
6.4 Mt).
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Figure 5.9 Steel: Example of CE action impact on material flow (top: status quo; bottom: 100% diffusion of 'reuse
of structural steel').

Source: Fraunhofer ISI using e!Sankey

These impacts are calculated based on a variety of different assumptions including the data shown
below but also on the assumption that the same properties and uses of the steel are maintained
after the CE action has been applied and that no qualitative or structural differences in benefits and
processing arise. This assumption is strongly model-driven and needs to be verified on a case-bycase basis for real cases. Furthermore, no rebound effects that could be triggered by the CE actions
were taken into account in this analysis. For further discussion of rebound effects and CE see for
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example Figge and Thorpe (2019)89 or Zinc and Geyer (2017)90. These can significantly reduce the
estimated impact of CE actions.
Table 5.11 Steel: Impact of shortlisted CE actions (diffusion: 100%) for steel.

Name

Base case
emissions
(Mt CO2)

Emissions after
implementation of
the CE action:
Reducing
overspecification
(Mt CO2)

% change
compared
to base
case

Emissions after
implementation of
the CE action:
Reuse structural
steel (Mt CO2)

% change
compared
to base
case

Manufacturing
process-related
Manufacturing
direct energyrelated (fossil)
Manufacturing
indirect energyrelated
(electricity)
Sum total
emissions

1.56

0.95

-39%

0.59

-62%

39.02

23.9

-39%

15.1

-61%

13.18

8.9

-32%

6.4

-51%

53.76

33.75

-37%

22.09

-41%

5.4.2.3

Data and assumptions

The material flow is based on production and consumption data, but also includes several
assumptions to fill data gaps (see sensitivity analysis in Step 5). These add uncertainties to the
results. Table 5.12 presents the most influential data points for the material flow, energy demand
and CO2 emissions as well as a confidence estimates.
Table 5.12 Steel: Selected data points and model assumptions.
Stage

Indicators

Value

Unit

Type

Source

Confidence

Manufact
uring

Emission factor
electricity
Emission factor coke
Emission factor hard coal
Emission factor natural
gas
Emission factor other
gases
Process emissions BOF
Process emissions EAF
Process emissions sinter
SEC91 Fuels Coke
SEC Fuels Sinter
SEC Fuels BOF
SEC Fuels EAF
SEC Electricity Coke
SEC Electricity Sinter
SEC Electricity BOF
SEC Electricity EAF
SEC Fuels Rolled steel
SEC Electricity Rolled
steel
Sector share in total
steel consumption:
construction

0.391

tCO2/MWh

Literature

UBA

High

0.108
0.094
0.056

tCO2/GJ
tCO2/GJ
tCO2/GJ

Literature
Literature
Literature

Fraunhofer ISI
Fraunhofer ISI
Fraunhofer ISI

High
High
High

0.16

tCO2/GJ

Literature

Fraunhofer ISI

High

0.015
0.0074
0.067
3.2
2.24
11.64
0.98
0.12
0.13
0.6
2.28
2.39
0.6

tCO2/t
tCO2/t
tCO2/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t
GJ/t

Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature
Literature

Fleiter et al. 2013
Fleiter et al. 2013
Fleiter et al. 2013
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017
Rehfeldt et al. 2017

High
High
High
High
High
High
High
High
High
High
High
High
High

33

%

Statistics

Eurofer European
Steel in Figures
2018 (avg.
2011/2015)

Processing and
use

92

89

Figge and Thorpe (2019): The symbiotic rebound effect in the circular economy. Ecological Economics. Volume 163: p61-69.

90

Zinc and Geyer (2017): Circular Economy Rebound. Journal of Industrial Ecology. DOI: 10.1111/jiec.12545

High
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Stage

Indicators

Value

Unit

Type

Source

Confidence

Sector share in total
steel consumption:
automotive

19

%

Statistics

High

Sector share in total
steel consumption:
mechanical engineering

15

%

Statistics

Sector share in total
steel consumption:
metalware

14

%

Statistics

Sector share in total
steel consumption: tubes

11

%

Statistics

Sector share in total
steel consumption:
domestic appliances

3

%

Statistics

Sector share in total
steel consumption: other
transport

3

%

Statistics

Sector share in total
steel consumption:
miscellaneous

2

%

Statistics

EU Strip mill product
deliveries

57.7

Mt

Statistics

EU Quatro plate
deliveries

8.3

Mt

Statistics

Flat products deliveries:
strip mill products - EndUsers: Building
Flat products deliveries:
quatro plates - EndUsers: Building
Share of building steel in
construction

24.4

%

Statistics

36.4

%

Statistics

74.27

%

Literature

Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
(avg. 2011/2015)
Eurofer European
Steel in Figures
2018
Eurofer European
Steel in Figures
2018
Eurofer European
Steel in Figures
2018
Eurofer European
Steel in Figures
2018
Allwood et al. 2011:
global estimate

High

High

High

High

High

High

High

High

High

High

Medium
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5.4.3

Chained impact of CE actions

In the previous section, the individual contribution of the CE actions are shown separated from each
other (i.e. one action at 50%/100% diffusion and the others at 0% diffusion) or in an aggregated
combination. This is necessary because some actions interact and create overlapping emission
reductions (cf. previous section). When this restriction should be overcome, an order of calculation
must be defined. This way, the overlapping effects can be assigned to specific CE actions. In the
example presented below (Figure 5.10), an order has arbitrarily be defined along the life-cycle
phases (design, manufacturing, fabrication, end-use, end of life) applied to the material flow of
cement. In this order, overlapping effects of CE actions are assigned to the first mentioned CE
action of those that interact. For example, the interaction of 'Use timber as the structural material
in buildings instead of mineral materials in residential buildings' and 'Reducing use of concrete at
design stage (reducing over specification by strength class)' would result in an overestimated saving
effect of the latter. Please note that these overlapping effects are not negligible, especially in the
high ambition scenario (up to 60 Mt in cement and up to 13 Mt in steel). Two third of this occurs
between the first three CE actions and the second three (cement). To put this into perspective, a
second arbitrary order of CE actions is presented in Figure 5.11, starting from the end of the
lifecycle. The main difference between these approaches is where the effect of interaction among
the CE actions is accounted for. In Figure 5.10, the effects are mostly accounted for in the
manufacturing (and design)-related CE actions, while in Figure 5.11, they are mostly accounted for
in the end use (and end of life)-related CE actions.
Comparing these two approaches (others are possible and equally justified) shows substantial
changes in the individual actions' apparent contribution. In Figure 5.10 the last six CE actions on
cement, focusing on demand reduction, account for about 24 Mt and the first six actions focusing
production changes account for 68 Mt of emission reduction. In Figure 5.11, both categories account
for about the same emission reduction (47 Mt manufacturing, 44 Mt end use). For steel, the effect
is similarly strong. In Figure 5.10, the design-stage CE action 'reducing use of structural steel at
design stage (reducing overspecification)' accounts for 19.99 Mt emission savings, while the end of
life-CE action 'reuse structural steel' (which is calculated afterwards) accounts for 18.69 Mt. In the
reversed order calculation, 'reuse structural steel' accounts for 31.68 Mt while 'reducing use of
structural steel at design stage (reducing overspecification)' accounts for just 6.99 Mt.
The interaction of the investigated CE actions is thus an important aspect to consider and it strongly
depends on the specific action mix. To identify the most relevant and important actions for the
highest overall impact, both perspectives (individually, as for example presented in Table 5.7) as
well as their contribution in an integrated scenario should be considered
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Figure 5.10 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 5.11: 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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5.5 Step 5: Upscaling impact on CO2 emissions for the buildings sector
5.5.1

General remarks

With the framework presented in the previous sections, the CO2 emissions associated with material
manufacturing are calculated. For the cement industry, transport in relation to the buildings sector
is considered as well. The results are presented in three scenarios (Figure 5.12) including all
actions described in Step 4. First, a base case with no diffusion of CE actions, representing the
status quo in 2015. Second, a medium ambition scenario with 50% diffusion of all CE
actions, and third a high ambition scenario with 100% diffusion of all CE actions. All
scenarios assume no changes in the general scenario framework e.g. differing assumptions on
population growth or infrastructure development. Therefore, all differences between the scenarios
are attributable to the CE actions. It must be noted that, although the period until 2050 is considered
in the calculations for some actions, the scenarios are thus no prognosis, forecasts or estimates of
future material demand or CO2 emissions but can be used for consistent if-then-statements within
the modelling framework. They are an estimate of the contribution of the selected CE actions to
CO2 emission reduction and as such useful to determine their relevance in possible policy packages.
Table 5.13 Overview scenario definition.

Scenario
Base case
Medium ambition
High ambition

5.5.2

Diffusion of CE actions

Framework data

0%
50%

2015

100%

Cement production, cement transport and the construction industry

One of the most important materials and contributor to CO2 emissions in the buildings sector, as
identified earlier in this report, is the manufacturing, transport and use of cement (see Step 1). In
this section, the impact of selected CE actions on the CO2 emissions of this material flow in the
three scenarios is presented. The results are differentiated by the categories 'manufacturing',
'transport' and 'construction' and their source within these categories (e.g. process- and energyrelated emissions or mode of transport). In addition, sensitivities of selected assumptions and data
points are presented.
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Figure 5.12 Cement: CO2 emissions (in Mt) differentiated by scenario.

Source: Fraunhofer ISI using e!Sankey

Page 76 of 126

Ramboll - QuantificAtion methodology for, and analysis of, the decarbonisation benefits of sectoral circular economy actions

In the base case, the emissions from manufacturing, transport, construction activities,
emissions embedded in the concrete aggregate and indirect emissions from electricity
use amount to 158.86 Mt (Figure 5.12 top). Manufacturing accounts for 116.12 Mt (73%) of
this. The next highest emission source is energy use in the construction sector with 13.70 Mt,
followed by domestic transport (10.73 Mt) and embedded emissions in concrete aggregates (3.38
Mt). International transport, which mainly takes place via ship and includes low amounts of
transported goods (21 Mt of clinker and cement, combined import and export) accounts for 0.28 Mt
of emissions. The values given here account for the full emissions generated by international
transport (port to port). The mode of domestic transportation with the highest emissions is by road
(truck), with 7.60 Mt, followed by ship (2.22 Mt) and train (0.90 Mt). Indirect emissions from
electricity use (in the construction sector itself and in cement manufacturing) account for 14.65 Mt.
In the medium ambition scenario (50% diffusion of all CE actions), the emissions from
manufacturing, transport, construction activities, embedded emissions in the concrete
aggregate and indirect emissions from electricity use amount to 101.88 Mt (Figure 5.12
middle). Manufacturing accounts for 65.44 Mt (65%) of this. The next highest source is energy
use in the construction sector with 12.66 Mt, followed by domestic transport (9.04 Mt) and
embedded emissions in concrete aggregates (2.82 Mt). International transport accounts for 0.20
Mt. The mode of domestic transportation with the highest emissions is by road (truck) with 6.26
Mt, followed by ship (1.83 Mt) and train (0.75 Mt). The emission reduction amounts to 47.99 Mt
(34%). Indirect emissions from electricity use (in the construction sector itself and in cement
manufacturing) account for 11.92 Mt.
In the high ambition scenario (100% diffusion of all CE actions), the emissions from
manufacturing, transport, construction activities, embedded emissions in the concrete
aggregate and indirect emissions from electricity use amount to 67.41 Mt (Figure 5.12
bottom). Manufacturing accounts for 35.14 Mt (52%) of this. The next highest source is energy
use in the construction sector with 12.15 Mt, followed by domestic transport (7.52 Mt) and
embedded emissions in concrete aggregates (2.43 Mt). International transport accounts for 0.13
Mt. The mode of domestic transportation with the highest emissions is by road (truck), with 5.32
Mt, followed by ship (1.57 Mt) and train (0.64 Mt). The emission reduction amounts to 80.03 Mt
(50%). Indirect emissions from electricity use (in the construction sector itself and in cement
manufacturing) account for 10.04 Mt.
5.5.2.1

Sensitivities of selected cement data

As the model includes several assumptions and extrapolation of country-specific data (e.g.
Germany) to the EU28, a certain degree of uncertainty is associated with them. The model reveals
several data points with high impact on the results. In the following paragraphs, selected data
points are investigated in quantitative variations. This allows to give a transparent account of the
uncertainties of the results.
There are three types of data points that are subject to sensitivity analysis: (1) important data
points influencing the base case; (2) data points and assumptions influencing the impact of CE
actions on the material flow; and (3) the data of the CE actions themselves.
Base case
The base case emissions are dominated by process- and energy-related emissions from the
manufacturing stage. Next to the production of cement, the average clinker content of cement
determines the emission intensity the most, as about 80% of the emissions account during clinker
production. In the base case, the clinker share is assumed to be 79.5% 93 . While the data is

93 GNR project: https://gccassociation.org/gnr/
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considered highly reliable and representative for the EU28, the high impact of this value justifies a
closer investigation (Figure 5.13). Compared to the base case, an increase of the clinker share in
cement to 85% increases the emissions by 8 Mt (to 166.82 Mt) and is almost exclusively effective
in the manufacturing stage. The effect is symmetric and almost linear.
Figure 5.13 Cement: CO2 emissions (in Mt) of base case with changed clinker share (85%).

Source: Fraunhofer ISI using e!Sankey

The transport ranges of concrete and aggregates, which are of high relevance for the total CO2
emissions of the transport sector, have been estimated to be 300 km by train and 500 km by ship
(Table 5.9). The transport range of aggregates and concrete by truck has been induced from an
example (90% of all concrete transported less than 100 km94 in Germany). Actual average transport
ranges in the EU28 are, however, uncertain. To estimate the impact of these assumptions on the
final results, a variation with doubled ranges is calculated (Figure 5.14). This variation increases
the transport emissions linearly and raises the total by 11 Mt to 169.87 Mt.

94 Sectoral investigation cement and transport concrete (final report July 2017),
https://www.bundeskartellamt.de/SharedDocs/Publikation/DE/Sektoruntersuchungen/Sektoruntersuchung%20Zement%20und%20Transportbeto
n.html
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Figure 5.14 Cement: CO2 emissions (in Mt) of base case with doubled transport ranges for concrete and
aggregates.

Source: Fraunhofer ISI using e!Sankey

Impact of CE actions
The impact of specific CE actions depends on the use of the building material, in particular the
distribution of produced cement and concrete to the residential, non-residential and infrastructure
sector. As many CE actions influence concrete use in buildings, especially the residential sector, a
higher share of e.g. concrete use in infrastructure would change the actions' impact. The share of
cement used in residential, non-residential and infrastructure was estimated based on national
reports from Germany, Italy and Spain, who together account for 43% of EU28 cement production95.
Among these data points, the share of residential cement use ranges from 25% (Spain) to 36%
(Italy). The model assumes the average of those, which is close to the German value (30.7%). The
variation considers a higher (40%) and lower (20%) share of cement use in the residential sector
(Figure 5.15). The share of non-residential use is adjusted accordingly, while the share of
infrastructure is kept constant. In an additional variation, the share of cement use in infrastructure
is increased (from 35% to 50%); in which case many CE actions have strongly reduced impact on
concrete demand (Figure 5.16). The variations show that the model results of the high ambition
scenario are just slightly sensitive to a shift between residential and non-residential cement use (0.1 Mt/% residential share), indicating rather balanced potentials between the two sectors in the
CE action selection. They show a higher sensitivity to a change of infrastructure use (+ 0.94 Mt/%
infrastructure share). This is immediately plausible, as no CE actions have been considered for
infrastructure and a higher share of infrastructure cement use thus reduces the affected material
and the potential savings.

95

Germany: VDZ. Zahlen und Daten; 2018.

Spain: Oficemen. MEMORIA-Anual-Estadística-2015.
Italy: AITEC. Relazione annuale; 2015.
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Figure 5.15 Cement: CO2 emissions (in Mt) calculated for variations in the share of cement used in residential
construction against the base case (top: 40%, bottom 20%).

Source: Fraunhofer ISI using e!Sankey
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Figure 5.16 Cement: CO2 emissions (in Mt) calculated for variations in the share of cement used in infrastructure
(=not buildings) (top: 35%; bottom 70%).

Source: Fraunhofer ISI using e!Sankey

CE action data
One of the most influential CE actions is the reduction of overspecification of concrete constructions
in volume and strength. According to Table 5.7, this CE action contributes 24.72 Mt in the high
ambition scenario if accounted for separately (reported by strength and volume separately there).
The unit impact of the CE action however includes an uncertainty range. The reduction of
overspecification by volume ranges from 10% to 12% and the reduction of overspecification ranges
from 6% to 29%. How this overspecification is actually defined and how building regulations
influence the available potential is unclear. The given value ranges are therefore investigated to
estimate the effect of the uncertainty. It turns out that in combination with other CE actions (in the
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complete high ambition scenario), the effect of the variation is limited, with about 3 Mt (Figure
5.17). However, when only the individual CE action is considered (Figure 5.18), the effect is more
pronounced (about 12 Mt).
Figure 5.17 Cement: CO2 emissions (in Mt) calculated for variations of the unit impact of the CE action 'reduce
overspecification' (top: maximum of range (12% by volume, 24% by strength); bottom: minimum of range (10%
by volume, 6% by strength)), in high ambition scenario.

Source: Fraunhofer ISI using e!Sankey
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Figure 5.18 Cement: CO2 emissions (in Mt) calculated for variations of the unit impact of the CE action 'reduce
overspecification' (top: maximum of range (12% by volume, 24% by strength); bottom: minimum of range (10%
by volume, 6% by strength)), without other CE actions.

Source: Fraunhofer ISI using e!Sankey

Another influential CE-action with a relevant range of CE-action data is the 'Optimize the use of
space in residential buildings'-action, ranging from 4% to 11% potential reduction. In addition, this
action includes several uncertainties that require special attention.
While most CE actions considered in the model affect new buildings only, the potential to optimize
the space use in buildings can also apply to the existing building stock. The total effect of the action
thus can be split in two mechanics:
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New buildings: Decreased space demand can relatively easily be translated to decreased material
demand, as the effect of building geometry can be ignored (there are just less buildings). Major
uncertainties here include the unit impact, which was identified to values between 4% and 11%.
Building stock: For the building stock, additional uncertainties apply. Next to the unit impact
(which also applies to new buildings), there are uncertainties that can only be described
qualitatively: How can existing buildings be adapted to accommodate smaller rooms; what is the
effort involved and how does this impact e.g. the energy demand in the construction industry and
other material demand? Can these changes to the buildings be made in normal renovations depths
or are special actions required? How many buildings can be renovated this way, considering their
geometry and use? E.g. in single family houses, how would the 11% optimized space be used?
These questions cannot be answered without dedicated building stock models and they potentially
limit the action's impact on the building stock substantially.
Therefore, the applied model value assumes the middle ground in this uncertain spectrum between
the quantified unit impact and the only qualitative effects on the building stock. In conclusion, the
upper bound of the quantified value (11%) was chosen for the high ambition scenario. This deviates
from the consideration of values for other CE actions with ranges in unit impact and shall represent
the unknown additional impact the action has on the building stock. The results are supplemented
by a sensitivity of the unit impact range.
While the main results apply 11% reduction potential, the sensitivity applied replaces this value
with 4% both in the complete high ambition scenario (Figure 5.19) and individually (Figure 5.20).
As part of the high ambition scenario, the lower unit impact decreases emission savings by 0.92
Mt. Individually, it decreases them by 3.36 Mt. Within a limited range (tested between 4% and
20%), the effect can be estimated to be linear. An increase of the assumed unit impact of the CE
action by 1% decreases emissions by 0.48 Mt for the individual action. In the complete high
ambition scenario (with all other CE actions enabled), the effect is lower, with 0.13 Mt emission
reduction per 1% increase of unit impact. The action impacts the entire value chain proportionally
to their total contribution, thus with the highest impact in the manufacturing stage.
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Figure 5.19 Cement: CO2 emissions (in Mt) calculated for variations of the unit impact of the CE action 'Optimize
the use of space in office buildings' (top: maximum of range (11%); bottom: minimum of range (4%)), high
ambition scenario

Source: Fraunhofer ISI using e!Sankey
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Figure 5.20 Cement: CO2 emissions (in Mt) calculated for variations of the unit impact of the CE action 'Optimize
the use of space in office buildings' (top: maximum of range (11%); bottom: minimum of range (4%)), without
other CE actions

Source: Fraunhofer ISI using e!Sankey

5.5.3

Steel production

With the framework presented in the previous sections for the steel industry, the CO2 emissions
associated with material manufacturing in this sector are calculated. The results are presented in
three scenarios (Figure 5.21) including the selected CE actions for the steel industry: (1) a base
case with no diffusion of CE actions, representing the status quo in 2015; (2) a medium ambition
scenario with 50% diffusion; and (3) a high ambition scenario with 100% diffusion of the actions
defined before. Similar to the cement industry, all scenarios assume no changes in the underlying
framework assumptions i.e. no changes in population growth or infrastructure developments
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between scenarios or any changes in net exports of semi-finished and finished steel products
compared to today. This allows allocating all differences between the scenarios to the analysed CE
actions. Under the assumption, that there will be no changes in foreign trade and no explicit
modelling of the trade in steel goods - the EU28 net exports of semi-finished and finished steel
products of the EU have been only 287 kt in 2015 - all CE actions modelled directly affect domestic
steel production.
In the base case, the emissions from manufacturing of steel for the construction sector
amount to 53.76 Mt of which 39 Mt stem from direct energy-related emissions from the use of
coke, coal and natural gas while 1.6 Mt stem from chemical reactions within the production process
(process-related emissions). Another 13.2 Mt of indirect CO2 emissions stem from the use of
electricity in steel manufacturing.
In the medium ambition scenario, the emissions from manufacturing of steel for the
construction sector amount to 34.42 Mt (-19.34 Mt) of which 24.4 Mt stem from direct energyrelated emissions while approx. 1 Mt stem from chemical reactions within the production process.
Another 0.97 Mt of indirect CO2 emissions stem from the use of electricity in steel manufacturing.
This translate to an overall emission reduction of 36%.
In the high ambition scenario, the emissions from manufacturing of steel for the
construction sector amount to 15.08 Mt (-38.684 Mt) of which 9.8 Mt stem from direct energyrelated emissions while approx. 0.4 Mt stem from chemical reactions within the production process.
This translate to an overall emission reduction of 72%. Another 0.97 Mt of indirect CO2 emissions
stem from the use of electricity in steel manufacturing.
Again, it has to be mentioned that these results do not include potential rebound effects of the CE
actions and that it is assumed that the same properties and uses of the steel are maintained after
the CE action has been applied and that no qualitative or structural differences in benefits and
processing arise. In addition, due to the scope of the project, the modelling approach uses strong
simplifications concerning the end-use demand structure of steel (e.g. no bottom-up modelling of
different building types, usage of a generalized share of steel demand for buildings, etc.) Therefore,
The model results cannot be interpreted as a prognosis of future developments and can only give a
model-based indication of theoretical potentials under the specific assumptions made. These have
to be checked on a case-to-case basis in reality (e.g. technical restrictions, regulatory and policy
framework, etc.).
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Figure 5.21 Steel: CO2 emissions (in Mt) from steel manufacturing by scenario.

Source: Fraunhofer ISI using e!Sankey

5.5.3.1

Sensitivities of selected steel data

The model includes several assumptions to which a varying degree of uncertainty is associated.
This reveals several data points with high impact on the results. In the following paragraphs,
selected data points are investigated to account for their effect on the results. There are three
principle approaches. First, important data points influencing the base case. Second, data points
influencing the impact of actions on the material flow. Third, the impact range of the actions
themselves.
Base case
The base case emissions are dominated by the assumption of how much steel is produced within
the primary or the secondary production route for the construction sector as these differ strongly
in their specific CO2 emissions. Compared to the base case, an increase of the primary produced
flat products used for construction (e.g. sheets, plates, etc.) increases the emissions by 14.5 Mt. A
reduction of the primary produced flat products used in construction decreases the emissions by
nearly the same order of magnitude (-13.8 Mt). This indicates the relevance of this assumption,
which should be investigated in further studies.
Figure 5.22 Steel: CO2 emissions (in Mt) of base case with higher share of flat products (+15% for the share of
strip mill and quatro plates)

Source: Fraunhofer ISI using e!Sankey
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Figure 5.23 Steel: CO2 emissions (in Mt) of base case with lower share of flat products (-15% for the share of
strip mill and quatro plates).

Source: Fraunhofer ISI using e!Sankey

Impact of CE actions
The impact of specific CE actions on CO2 emissions in the scenarios depends on the assumed share
of building steel use in the total steel use of the construction sector. The estimation of this
share has been based on the global estimate of Allwood et al. (2011) (~74%). The bottom-up
determination of this share at EU and country level requires a multitude of data and assumptions,
which could not be determined within the framework of this project. However, in order to take into
account this uncertainty and relevance of this assumption, two sensitivities with a higher share
(90%) and a lower share (60%) were calculated.
Figure 5.24 shows the impact of these assumption changes on CO2 emissions in the high ambition
scenario. The analysis shows that the assumptions has only a limited effect on CO2 emissions
(compared to the flat share sensitivity above see Figure 5.22 and Figure 5.23). The change in CO2
emissions is approximately 2 Mt in the respective direction of sensitivity.
Figure 5.24 Steel: CO2 emissions (in Mt) after variation of the share of building steel used in total construction
steel demand (top: 60%; bottom: 90%).

Source: Fraunhofer ISI using e!Sankey

Another important aspect in modelling CE actions is associated to the uncertainty of the impact
a CE action can achieve in reality. On this, literature is scarce or rather contradicting in findings
and only best-practice examples for very specific cases or individual countries and locations are
available. Therefore, it is important to map these uncertainties using sensitivities. For the scenario
calculations, the mean values of the given ranges of the CE action impacts were used. In
the following, the results of the CE actions impacts are calculated both at the lower and upper
limit of the given range.
Figure 5.25 shows the effect of reducing the assumed effects that CE actions have on steel use in
buildings to their lower limits. The impact of reducing overspecification decreases from 41% to
36%, the impact of reusing structural steel decreases from 65% to 50%. In both cases CO2
emissions increase compared to the shown above scenario results: +8% in the medium ambition
scenario (from 34.4 to 37.2 Mt) and even +37% in the high ambition scenario (from 15 to 20.6
Mt). This shows the relevance of the ranges, especially in very ambitious scenarios.
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Figure 5.25 Steel: CO2 emissions (in Mt) by scenario for the steel industry (lower range of CE action impact).

Source: Fraunhofer ISI using e!Sankey

The sensitivity for the upper range of CE actions impacts supports the relevance of accurate impact
assumptions for the analysis of CE action impacts shown above. Due to the higher range especially
in the case of reuse of structural steel significant decreases in CO2 emissions can be observed in
the high ambition scenario (-32%) (Figure 5.26).
Figure 5.26 Steel: CO2 emissions (in Mt) by scenario for the steel industry (upper range of CE action impact).

Source: Fraunhofer ISI using e!Sankey

5.6 Step 6: Linking of results to the existing reporting categories
(UNFCCC CRF and ETS)
In the buildings sector, the presented CE actions lead to a reduction of CO2 emissions from cement
and steel manufacturing as well as from the energy consumption in the buildings sector.
The analysed CE actions realise the largest emission reductions in the CRF-categories related to
cement manufacturing, with emissions stemming from energy consumption as well as process
emissions. In addition, the CE actions change the need for transportation of cement (and clinker)
resulting in fewer emissions due to reduced transport activities, in particular of transport emissions
(see 5.4.1.2 and related explanation). Similarly, but less significant, the CE actions reduce the
emissions from energy consumption and process emissions of steel manufacturing (see Figure 5.21
and related explanation) and the energy use in the construction sector.
Table 5.14 gives an overview of the emission reductions of the CE actions and allocates them to the
CRF-categories as well as to the ETS or non-ETS sectors based on the respective definitions from
the CRF-guidelines and the ETS Directive. As stated above, the comparison of model results for the
emission savings and the current reported emissions in a CRF-category need to be handled with
care as reporting of the Member States might differ for specific subcategories.

Page 90 of 126

Ramboll - QuantificAtion methodology for, and analysis of, the decarbonisation benefits of sectoral circular economy actions

Table 5.14 Linking emission reductions to UNFCCC CRF categories and to ETS/non-ETS.

Name of
sector

Cement

Steel

Construction

Sum

CO2 emissions addressed

CO2 emission reduction
[Mt CO2eq]

IPCC
sector
(CRFcat.)

ETS /
non-ETS
emissions

Med.
ambition

High
ambition

Process emissions from
manufacturing

26.65

43.67

2.A.1

ETS

Emissions from energy
consumption

17.71

29.99

1.A.2.f

ETS

Indirect emissions from
electricity consumption

1.68

3.06

1.A.1.a

ETS

Embedded emissions in
aggregates*

0.25

0.42

1.A.2.f

Non-ETS

Emissions from international
shipping

0.07

0.12

1.D.1.b

Other

Emissions from inland
shipping

0.20

0.34

1.A.3.d

Non-ETS

Emissions from train
transportation

0.08

0.13

1.A.3.c

Non-ETS

Emissions from truck
transportation

0.69

1.20

1.A.3.b.iii

Non-ETS

Process emissions from
manufacturing

0.59

1.19

2.C.1

ETS

Emissions from energy
consumption

14.60

29.21

1.A.2.a

ETS

Indirect emissions from
electricity consumption

4.14

8.29

1.A.1.a

ETS

Emissions from energy
consumption**

0.42

0.68

1.A.3.e

Non-ETS

Indirect emissions from
electricity consumption

0.23

0.38

1.A.1.a

ETS

67.31

118.68

Source: own presentation based on model results and definition of CRF-categories and ETS coverage; medium
ambition means a 50 % diffusion and high ambition a 100 % diffusion of the CE actions. *The embedded emissions
are emissions arising during the quarrying of the aggregates (mainly gravel and sand). **The emissions from
energy consumption of construction mainly refers to emissions from construction-related transports and
machineries. This type of energy consumption is generally covered as an own entry in energy balances and
transferred to 1.A.3.e “Other transport”.

In the buildings sector, the largest emission reductions come from a reduced demand for cement
as well as energy and related CO2 emission reductions during the energy intensive manufacturing
processes (e.g. clinker burning). Both result in a reduction of clinker production. According to
Annex I of the ETS Directive, CO2 from “production of cement clinker in rotary kilns with a
production capacity exceeding 500 tonnes per day or in other furnaces with a production capacity
exceeding 50 tonnes per day” are part of the ETS. Under the consideration that small-scale clinker
production can be neglected, the emission savings are thus allocated to the ETS.
The emission savings realised in steel manufacturing come second. These are also covered by the
ETS such as explained for cement. The emission savings from constructions would be realised in
the non-ETS sector as these come from transportation activities and on-site machineries, which is
both, not part of the ETS. The emission savings realised from less truck transport are also allocated
to the non-ETS.
The results thus show that most of the emission reductions will be realised in sectors that are
covered by the ETS; the impact on non-ETS emissions is expected to be rather limited.
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Figure 5.27 CO2 emission reductions from the CE actions realised in the ETS and non-ETS sectors.

Change in GHG emissions (Mt CO2yyyeq)
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Construction: energy consumption
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med ambition

high ambition

med ambition

-130

Other

Source: own presentation based on model results and definition of ETS coverage; medium (med) ambition means
a 50 % diffusion and high ambition a 100 % diffusion of the CE actions.
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6.

PART 3: PREPARING THE APPLICATION OF THE
METHODOLOGICAL APPROACH TO ADDITIONAL
SECTORS
6.1 Summary of lessons learnt from the application of the methodology
The project conducted between September 2019 and February 2020 aimed to develop a
methodology for the quantification and analysis of the decarbonisation benefits of sectoral circular
economy actions (CE actions), and test its implementation to one sector, namely the buildings
sector. The methodology was developed along a set of tasks, for each of which we provide a short
summary assessment of their implementation in bullet points.
Step 1 aimed at scoping the sector to which the methodology shall be applied (the test case being
the buildings sector) including the relevant products, and its CO2 emission profile. The step delivered
important findings helping to orient the rest of the work.
•

•

The assessment of the sector’s CO2 emission profile using MRIO successfully showed that there
were a few very important emission sources that should be addressed in priority, mainly steel
and cement.
For the buildings sector, it was not relevant to assess the impact of CE actions on emissions
from products imported from outside the EU (‘embedded’ emissions) due to the small volume
of such imports. The approach was therefore not tested.

This step did not present any major issue during implementation.
Step 2 aimed at defining and categorising CE actions in their contribution to circular economy into
a generic list applicable to any sector.
•
•

The generic list was developed iteratively and may still evolve, however this study seems to
prove its applicability to various sectors.
The grading of CE actions along the four criteria (impact, applicability, feasibility, measurability)
was mostly subjective and should not be taken as exact. Nevertheless, the approach has proven
useful for the study team and the EEA to gather a first set of data on the CE actions and discuss
the selection of the CE actions for shortlisting.

Step 3 aimed at assessing the impact of CE actions on material demand and relevant emission
sources.
•

•

•

The data for answering to each of the 5 main questions listed (concerning scope, baseline,
impacts, feasibility, applicability) was often not sufficiently available to make precise estimates,
and led to a reassessment of the importance of measurability of the CE actions at this step. In
the end the study team and the EEA together opted for still selecting CE actions with low
measurability, and making assumptions to bridge data gaps. For instance, the study employed
region-specific data for the EU-level assessment despite the likelihood that the data is not
representative of the EU-wide situation, and used sensitivity analysis to mitigate this issue.
Determining the applicability of a CE action to a sector’s products (e.g. all residential housing,
or only single-family homes, etc.) has been mainly driven by data availability but also in
significant part to conscious decisions, such as to show the maximum impact potential of CE
actions assuming 100% diffusion (with results showing in the subsequent steps). These
decisions should be discussed and transparently reported to show the intention of the
assessment.
The rebound effect could not be assessed in this study due to the lack of existing assessments
for the sector analysed (buildings).
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Step 4 aimed the quantification of CE actions' impact on CO2 emissions along the value chain of
the sector analysed.
•

•

•

Based on the works carried out in previous steps a methodology choice has been made to use
a bottom-up material-based approach as individual materials can be identified as the main
emission sources (e.g. cement and steel for the construction sector).
The quantification of the CE actions' impacts consists of three parts. First, the status quo
material and emission flows are defined, based on 2015 data. Second, the effects of CE actions
on specific parts of the material flow are applied, according to their assessment in Step 3. These
effects change material and emission flows.
In this section the impact analysis of single actions is carried out.

Step 5 aimed at the upscaling of the impacts of all CE actions at EU- and sector-level using a
scenario approach.
•
•
•
•

For this purpose, different scenarios with different ambition levels (e.g. diffusion of CE actions).
The modelling approach underlies a certain degree of uncertainty, for example, the data used
as well as assumptions made within the model for simplification.
For this reason, important assumptions and parameters have been investigated by means of
sensitivity analysis to give a transparent account of the uncertainties of the results.
For both step 4 and step 5, additional research might be required for mapping and assessing
(i) the domestic demand structure for basic materials in the analysed sector in more detail, (ii)
the demand structure outside Europe for products produced within the EU, and
(ii) how EU CE actions can affect CO2 emissions outside the EU in this context.

Step 6 aimed at highlighting the impact of the CE actions in a particular sector (here the buildings
sector) on itself and other sectors (in the format of the UNFCCC common reporting format (CRF)).
It also depicts whether the impact of the CE actions occurs under the scope of the ETS or non-ETS
sectors which is particularly interesting in the light of the national non-ETS targets as well as for
concerned installation operators under the ETS cap.
•
•

•

The step is generally applicable for any emission reduction and increase identified in Step 5
(modelling) from the CE actions in a particular sector.
Difficulties might arise when a subsector is not clearly defined (such as the “energy consumption
of constructions” for the building sector). However, the allocation to a specific CRF category and
to the ETS or non-ETS can be verified using Member States’ reporting on CO2 emissions
(inventories) and on energy balances. Other difficulties might arise in the split between ETS
and non-ETS where a sector is characterised by many small energy generation facilities and the
distribution between ETS and non-ETS is less obvious.
The step could also evaluate the impact of single CE actions (from Step 4) for the sector itself
and for other sectors and to identify if the CE action is particularly affecting the ETS or non-ETS
sectors.

6.2 Selection of additional sectors
The methodology is to be tested for other sectors in follow-up projects. The purpose of this section
of the report is to identify one or several potential candidate sectors to verify the replicability of the
approach and refine it. The selection of sectors for further testing is based mainly on an initial
assessment of the necessary data and on preliminary considerations about how the methodology
would apply step-by-step. It does not constitute the application of the methodology yet.
In the table below, due to its environmental and socio-economic relevance in a circular economy,
textiles, plastics and electronics are assessed for viability as potential sectors for the methodology
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to be tested. Below the table, we provide some further considerations on applying the six-step
methodological framework.
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Table 6.1 Grid assessment of sectors’ for further testing of the methodology.

Steps

Textiles sector assessment

Plastics sector assessment

Electronics sector assessment

1.

Products scoping: Fibres for garments and
home
textiles
(cotton,
hemp,
plastics/synthetics), water, dye, chemicals
use.

Product scoping: macro- and microplastics
(Thermoplastics and Thermosets) produced
for packaging, building and construction,
automotive, etc. (see e.g. PlasticsEurope
201998).

Product scoping: the electronics sector
encompasses
consumer
electric
and
electronic appliances used for Information
and Communication Technologies (ICT),
white goods (fridges, washing machines,
dishwashers, etc.), household appliances
and entertainment equipment

Scoping

Textiles are the 5th largest source of EU GHG
emissions, however 76% of the GHG
emissions occur outside of the EU due to the
fact that 85% of primary raw materials,
92% of the water use and 93% of the land
use occur in relation to production in other
parts of the world.96 Production of synthetic
fibres uses carbon-intensive processes (e.g.
polyester, 70 million barrels of oil per year
globally). Polyester represents 16% of all
fibres used in clothes in the EU; in 2017
14% of it was made from recycled
polyester.97
Limitations exist due to global value chains
and lacking data, e.g. for GHG effects of
cotton
production
vs.
plastic
fibre
production.

Globally, only a small share of plastic
packaging is collected for recycling (around
14%) and an even smaller fraction of
around 5% is retained for subsequent use –
the vast majority goes to waste. This has
significant climate implications because
more than 90% of plastics (not just
packaging) are fossil feedstock based,
representing about 6% of global oil
consumption (which is equal to the global
aviation sector’s oil consumption). With
plastics
production
and
consumption
expected to increase in the future, the
plastics sector alone could account for 1/5
of total oil consumption, requiring 15% of
the global annual carbon budget by 2050.99

Applying circular economy principles to
consumer electronics (see Ellen MacArthur
Foundation 2018 100 ) could lead to GHG
emission reductions. According to a study
by the European Environmental Bureau
(EEB) from 2019 extending the lifetime of
washing machines, notebook computers,
vacuum cleaners and smartphones by 1
year through simple, already feasible design
principles would result in around 4 million
tonnes of CO2 being saved (equaling taking
more than 2 million cars off the roads for
one year). Extending their lifetime by 5
years would see savings rise to almost 12
million tonnes of CO2.101
In the electronic good sector, European
markets strongly depend on imports from
outside
the
EU.
For
instance
for
smartphones, imports are mostly from Asia

96

EEA. (2019). Textiles in Europe's circular economy.

97

EPRS. (2019). Environmental impact of the textile and clothing industry What consumers need to know.

98

Plastics Europe. (2019). Plastics – the Facts 2019. An analysis of European plastics production, demand and waste data.

99

Ellen MacArthur Foundation. (2016). THE NEW PLASTICS ECONOMY RETHINKING THE FUTURE OF PLASTICS.

100

Ellen MacArthur Foundation. (2018). CIRCULAR CONSUMER ELECTRONICS: AN INITIAL EXPLORATION.

101

EEB (2019). Cool products don't cost the earth. European Environmental Bureau, Brussels, Belgium
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Steps

Textiles sector assessment

Plastics sector assessment

Electronics sector assessment
(e.g. China, India, Vietnam), but also from
North
America. 102
Hence,
import
dependencies as well as issues with CE
design in imported vs. EU domestic products
need to be addressed.

2.

Identification
CE actions

of

The generic list of CE actions developed in
Part 1 is easily applicable and can be made
specific to the textiles sector, of which some
relevant CE actions could include e.g.
circular clothing design, reuse, recycling,
sharing, use of biomaterials, etc. A list of
actions is also given in the EEA’s briefing on
Textiles in Europe’s circular economy.103

The generic list of CE actions developed in
Part 1 is easily applicable and can be made
specific to the plastics sector, of which some
relevant CE actions could include e.g. using
alternative
feedstock
materials
(e.g.
bioplastics); replacing single-use plastic
products with reusable products (plastic or
other materials); introducing recycled
content
in
products;
designing
for
recyclability, etc.

The generic list of CE actions developed in
Part 1 is easily applicable and can be made
specific to the electronics sector, of which
some relevant CE actions could include e.g.
product lifetime extension; modular design
and design for longevity, reparability and
recyclability; leasing and sharing services;
increasing availability of spare parts;
deposit schemes for small devices; productservice-systems (leasing lighting, printers,
…) and repair services, etc.
In relation to the strong import dependency
of many electronic goods in the EU, there
needs to be special attention paid to EUwide quality standards for circular products
or recycled materials on the one hand and
border tax adjustments, or other means of
creating a level playing field for imported
goods, o the other hand.

3.

102

Identification of
CE
actions’
impacts
on
demand
and

A search for “LCA carbon textile” on Google
Scholar returns about 13,000 results; “LCA
climate textile” returns 9,300 results; “LCA
greenhouse gas textile” returns 10,800

A search for “LCA carbon plastic” on Google
Scholar returns about 28,700 results; “LCA
climate plastic” returns 22,800 results; “LCA
greenhouse gas plastic” returns 20,700

A search for “LCA carbon electronic” on
Google Scholar returns about 25,100
results; “LCA climate electronic” returns
20,200 results; “LCA greenhouse gas

Statista (2020). Smartphone shipments' share in Europe by vendor from the 1st quarter of 2015 to the 4th quarter of 2018. URL: https://www.statista.com/statistics/632599/smartphone-market-share-by-vendor-in-

europe/, accessed 24 February 2020.

Page 97 of 126

Ramboll - QuantificAtion methodology for, and analysis of, the decarbonisation benefits of sectoral circular economy actions

Steps

4.

Textiles sector assessment

Plastics sector assessment

Electronics sector assessment

relevant emission
sources in the
chosen sector and
adjacent sectors

results. Rapid assessment of the literature
on the topic indicates that relevant LCA
studies have been conducted, i.e. the
studies consider the impact of circular
economy actions in the textiles sector.

results. Rapid assessment of the literature
on the topic indicates that relevant LCA
studies have been conducted, i.e. the
studies consider the impact of circular
economy actions in the plastics sector.

electronic” returns 30,200 results. Rapid
assessment of the literature on the topic
indicates that relevant LCA studies have
been conducted, i.e. the studies consider
the impact of circular economy actions in
the electronics sector.

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

The emission reduction potential could be
suitably calculated with an MRIO approach.

Most of the suggested actions come down to
reduction in demand for virgin materialbased plastics.

The emission reduction potential for
recovery of materials and parts and for
lifetime increases could be suitably
calculated with an MRIO approach.

The demand reduction of textiles could be
modelled as a direct final demand impulse
of the textile industry. In this context the
international interdependence of the sector
and international transport demand in this
context have to be taken into account.
It is conceivable that increased recovery
rates would also induce additional transport.
In sum, a diverse set of impulses would
have to be defined in order to portray the
effects of CE actions.

Reductions in the demand for new plastic
would imply a reduction of basic chemical
demand. These reductions can be calculated
using a bottom-up material-based value
chain approach for ethylene/polyethylene
and plastics processing.

In the first case, the demand reduction of
electronics could be modelled as a direct
final demand of the EU electronics sector(s),
e.g. Office machinery and computers
(activity code 30 in NACE Rev.1.1) and
radio,
television
and
communication
equipment and apparatus (activity code
32).
In the second case, demand shifts between
different sectors would occur. For instance,
primary materials used in these products
would be partially substituted by secondary
materials. Another example are refurbished
parts coming from another sector than the
original supplier of electronics parts. These
changes would have to be defined as
changes in the intermediate input structure
of the electronics and upstream industries
as well as increases in the demand for
refurbishment/repair
services.
It
is
conceivable that increased recovery rates
would also induce additional transport. In
sum, a diverse set of impulses would have
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Steps

Textiles sector assessment

Plastics sector assessment

Electronics sector assessment
to be defined in order to portray the likely
effects of these CE actions.

5.

Upscaling impact
on CO2 emissions
for
the
whole
sector

The upscaling would follow the same logic
and fall under the same constraints as
defined in Step 5 of the quantification
methodology.

The upscaling would follow the same logic
as shown in this report for the construction
industry using a scenario approach.

The upscaling would follow the same logic
and fall under the same constraints as
defined in Step 5 of the quantification
methodology.

6.

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

Definition of emission sources in the textile
industry seems relatively clear (including
energy
consumption
from
textile
manufacturing,
industrial
wastewater
treatment,
chemical
industry,
and
transport).
Emission
reductions
and
increases realised through identified CE
actions can therefore be allocated to the
CRF categories and to the ETS and non-ETS.
For the latter, it might be relevant to check
the share of small-scale energy generation
plants in the textile industry.

Emission sources, which are relevant for the
plastic sector, can be identified along the
value chain and arise during the production
of plastics (e.g. crude oil and natural gas
production, processing and transport,
production of basic plastics and their
transport and further processing; recycling
processes and related transportation of
plastics) as well as at the end of life (e.g.
emissions arising from burning). These
sources and related economic activities are
relatively clearly defined and thus emission
changes identified in Step 5 can be allocated
to the CRF and ETS or non-ETS categories.

The electronics 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. The classification
into CRF categories is less clear than for
other sectors but also here, the modelling
will focus on specific products and economic
activities, which then can be allocated to the
CRF categories and to the ETS or non-ETS.
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6.3 Further considerations on applying the six-step methodological
framework to the textiles, plastics and electronic goods sector
Step 1 aimed at scoping the sector to which the methodology shall be applied including the relevant
products, and its CO2 emission profile.
When considering applying the methodological approach to highly globalised sectors, and sectors
with more complex material compositions than the buildings sector – for instance, the textiles,
plastics or the electronic goods sector – scoping of the sector requires carefully setting the system
boundaries. This encompasses both the level of (dis)aggregation of upstream value chain stages in
countries outside EU and clear statements on what kind of embodied emissions are considered in
materials and goods imported to the EU (e.g. including bunker fuels from air or marine freight
transport for imports). However, in terms of the assessing the emission profiles by using a MRIO
this approach can be robustly used for different levels of (dis)aggregation and also embodied
emission assumptions (see e.g. Tukker et al. 2018 104 ). The issue of applying the domestic
technology assumption to any non-EU country included in the MRIO model may become more
relevant in terms of affecting modelling results, because embodied emissions of highly globalised
value chains may actually be higher than when assuming that all production of exported materials
and goods in exporting countries is done with the same set of (resource efficient and energy
efficient) technologies as within the EU. The scoping should take this into consideration, too.
Step 2: Identification of CE actions aimed at defining and categorising CE actions in their
contribution to circular economy into a generic list applicable to any sector.
Defining CE actions for highly globalised sectors, and sectors with more complex material
compositions than the buildings sector – for instance, the textiles, plastics or the electronic goods
sector – is equally possible than for the building sector. Overall, compiling long lists and applying
the suggested selection procedure for short-listing of CE actions is possible. Nonetheless, strong
import dependencies complicate the identification and selection of short-listed CE action at an EU
level, because upstream value chain stages usually cannot be tackled by EU domestic policies.
Hence, product design stages would be more difficult to address and a focus of CE actions on product
use and end-of-life stages is likely to emerge. This limits the choice of CE actions that the modelling
can then quantify in terms of potential decarbonisation potential.
Step 3: Identification of CE actions’ impacts aimed at assessing the impact of CE actions on
material demand and relevant emission sources.
Similar to the above perspective on defining CE actions, assessing the impact of CE actions on
material demand and relevant emission sources can also be done for highly globalised sectors, and
sectors with more complex material compositions than the buildings sector – for instance, the
textiles, plastics or the electronic goods sectors. However, in relation to the scoping and the choice
of CE actions, only some part of the sectors’ activities can be affected by the CE action because of
relevant sectoral activities taking place outside of EU policy influence. Furthermore, defining the
baseline in terms of products, materials, technology, processes, etc. to which the CE action should
be compared is more difficult in highly globalised sectors and in cases of more diverse material
compositions. On the positive side, some rebound data is available for electronic goods and might

104

Tukker, A., de Koning, A., Owen, A., Lutter, F.S., Bruckner, M., Giljum, S, Stadler, K., Wood, R. and Hoekstra, R.. (2018). Towards Robust,

Authoritative Assessments of Environmental Impacts Embodied in Trade: Current State and Recommendations: Robust Assessments of Impacts
Embodied in Trade. Journal of Industrial Ecology. 22. 10.1111/jiec.12716.
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enable measuring a CE rebound (e.g. Galvin 2015105, Krings 2015106, Lorentz and Woersdorfer
2009107).
Step 4 aimed at the quantification of CE actions' impact on CO2 emissions along the value chain of
the sector analysed.
Quantifying CE actions’ impacts on CO2 emission along the value chain can generally also be done
for highly globalised sectors, and sectors with more complex material compositions than the
buildings sector – for instance, the textiles, plastics or the electronic goods sector. Depending on
the scoping in step 1, when certain materials or material production stages are main emission
sources in the aforementioned two sectors (e.g. cotton and plastics for textiles; copper and other
bulk metals for electronic goods) a bottom-up material-based approach by using MFA can be
applied. If, as is to be expected for the textile and electronic goods sectors, a multitude of materials
have relevant GHG emission levels, then a top-down MRIO approach can be used. In both cases,
the considerations listed under Step 1 above apply.
Step 5 aimed at the upscaling of the impacts of all CE actions at EU- and sector-level using a
scenario approach.
Upscaling of the impacts of all CE actions at EU- and sector-level using a scenario approach is also
applicable for highly globalised sectors, and sectors with more complex material compositions than
the buildings sector – for instance, the textiles, plastics or the electronic goods sector. However,
data available for use are likely of differing quality and availability for the two sectors. This puts
more emphasis on using more assumptions within the model for simplification. Depending on
availability of data to back-up these assumptions, the uncertainty of scenario findings might be
larger for such sectors than for other sectors. Hence, this makes an even stronger case for a)
investigating key assumptions and parameters via sensitivity analyses; and b) undertaking
additional research for mapping and assessing domestic and extra-European demand structures as
well as CE actions’ effects on CO2 emissions outside the EU.
Step 6 aimed at highlighting the impact of the CE actions in a particular sector on itself and other
sectors (in the format of the UNFCCC common reporting format (CRF)).
Due to the wide sectoral coverage of the UNFCCC CRF and ETS, results for highly globalised sectors,
and sectors with more complex material compositions than the buildings sector – for instance, the
textiles, plastics or the electronic goods sector – can also be linked to the existing reporting
categories. For instance, defining emission sources in the textile industry seems relatively clear
(including energy consumption from textile manufacturing, industrial wastewater treatment,
chemical industry, and transport). While the same holds for the plastics sector, it is less clear 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.

105

Galvin, R (2015). The ICT/electronics question: Structural change and the rebound effect. Ecological Economics 120, 23-31.

10.1016/j.ecolecon.2015.08.020.
106

Krings, H. (2015). International Trade in Second-hand Electronic Goods and the Resulting Global Rebound Effect, MAGKS Papers on Economics

201538
107

Lorentz, A. and Woersdorfer, J. (2009). Energy-efficient household appliances and the rebound effect–a model on the demand for washing

machines. Conference: 8th International Conference of the European Society for Ecological Economics, June 2009, Ljubjiana
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7.

CONCLUSION
This study set out to develop a methodology to quantify and analyse the decarbonisation benefits
of sectoral circular economy actions ex ante, meaning prospectively looking at the potential impacts
of CE actions in different future scenarios until 2050. The approach was developed to be generic
and applicable to any sector, and it tested on the buildings sector. The study shows the applicability
of the methodology to the buildings sector and its ability to yield transparent results at the level of
individual CE actions for different types of materials and products. 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 which are discussed in
more detail in this study. The combined effects of the selected CE actions108 for steel and concrete
as well as the use of timber in a high ambition scenario (100% diffusion of all CE actions selected)
showed an overall reduction potential of CO2 emissions by 130 Mt (-61%) compared to the base
case (from 212.6 Mt to 82.5 Mt). These results should however be interpreted with caution.
The study proposed a number of other sectors for further testing, namely textiles, plastics and
electronics. The study also identified limitations to the approach that are mainly related to
availability of data on product lifecycle CO2 emissions and product/material market demand trends
to carry out calculations representative of the potential EU-wide impacts of a CE action. The study
could not assess the CE rebound effect due to lacking studies in this field and for the sector that
was tested (buildings). It is therefore recommended to carry out further data collection and analysis
to enable future research in the topic.

108

Namely (1) Reduce the use of material at design stage (reducing overspecification); (2) Reuse building materials/components; Extend buildings’

lifetime by renovating rather than demolishing and rebuilding; (3) Design buildings for disassembly; (4) Use timber as the structural material in
buildings instead of mineral materials; (5) Use other types of cement as a substitute for ordinary cement; (6) Optimise the use of space in
buildings (intensifying building use, in number of users per square metre); (7) Recycle building materials.
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Figure 5.27 CO2 emission reductions from the CE actions realised in the
ETS and non-ETS sectors.
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Register of caveats
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Table 8.1 Register of caveats and decisions

Steps

Part 1 Scoping decisions

1.

•
•
•

Scoping

•

•

Sectoral boundaries must be defined.
Sector products and materials must be identified.
The types of emissions included (direct, indirect) must be
defined. For this, the feasibility/relevance of including
embodied emissions, and the feasibility/relevance of
including emission reductions internal and external to the
EU must be established
Actions to reduce emissions related to grid-supplied
energy are deliberately excluded from the scope, however
impacts on energy-related emissions are taken into
account in calculations (as result of CE actions
implementation).
MRIO data offers a static view, yet is used here for
forward-looking assessments.

Part 2 Decisions in the application of the methodology
to the buildings sector
•

•

•

•

•

Due to the exclusion of infrastructure from the scope of
the study, impacts of CE actions on materials that are
common to both buildings and infrastructure need to be
distinguished. Data on the use of the materials for
buildings was available and was used to make this
distinction. The data used was not specific to the EU but
used as indication.
Limited specific data on building products and some
materials. For example and as consequence, not
differentiating high-rise vs. low-rise building which leads
to an over-appreciation of the impacts of CE actions which
in practice only apply to one or the other but is applied to
both in the study. As another example, brick-related CE
actions were excluded from the study.
The use of MRIO analysis in the scoping generally allows
for the consideration of direct and indirect emissions.
However, the later MFA-based analysis excludes large
portions of indirect emissions.
Generally, the amount of indirect emissions in the
buildings sector, is non-negligible. However, in contrast
to other sectors, the large flows of building materials also
contain the highest number of emissions. At the same
time, the main emission sources of the buildings sector
do not change when taking indirect emissions into
account. CE actions addressing these sources are
therefore also effective with respect to indirect emissions.
It was not relevant to assess the impact of CE actions on
emissions from products imported from outside the EU
due to the small volume of such imports. This also applies
to upstream emissions along value chains, which only
make up a small fraction of total emissions in the
buildings sector. Due to generally low trade intensities in
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Steps

Part 1 Scoping decisions

Part 2 Decisions in the application of the methodology
to the buildings sector

•

•

2.

Identification of CE actions

•

•
•

3.

4.

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

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

•

•

•
•

CE actions in the long list relate to actions which either
reduce material use, or substitute high impact materials
with lower impact materials, or recirculate products or
materials.
CE actions deliberately do not include policy measures.
CE action selection is based on rapid evidence assessment
along 4 criteria, and remains partly subjective.
Limited LCA data is replaced by qualitative case studies
and anecdotal evidence, and sensitivity analysis is
performed by introducing range—as opposed to single—
values to bridge uncertainties.
The CE rebound effect should in principle be assessed by
conducting a specific study or by finding data from the
literature review.

Focus on material related energy and CO2 flows due to
limited time and resource availability for the study.
Comprehensive analyses should include a more detailed
representation of transport and trade activities (incl.
outside EU)

the buildings sector, the CE actions also do not have high
direct effects outside the EU.
Actions to reduce emissions related to grid-supplied
energy were excluded, however impacts on energyrelated emissions were taken into account.
Static data is considered for this study the best possible
approach
than
attempting
to
envision
future
developments, as it was not within the resources of the
work to conduct trend extrapolations.

•
•
•

No issue pertaining to CE actions identified in the long list.
CE actions identified did not include policy measures.
Rapid evidence assessment showed poor measurability
for some CE actions, which were nevertheless selected.
The selection of actions was conducted in agreement
between the study team and the EEA.

•

Sensitivities were used for several actions due to limited
LCA data using either different values given in the
literature, practitioner estimates, case studies, and other
sources suggesting possible assumptions. Uncertainties
were due to too few data points, regionality of the
available data, feasibility considerations, scope of
applicability of the data.
The literature review conducted as part of this project has
not led to sufficient evidence of the rebound effects in the
sector analysed (buildings), and specific studies could not
be conducted in the scope of this study to assess the
potential impact of rebound effects.

•

•

Translation of CE action properties identified in step 3 and
4 to model data points was challenging. In part due to
limited time and budget to gather the relevant
information as well as due to the necessary simplification
of the available data to fit the model structure. Further
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Steps

Part 1 Scoping decisions

•

Part 2 Decisions in the application of the methodology
to the buildings sector

Rebound effects are not considered in the proposed
approach.
•

•

5.

Upscaling impact on CO2
emissions for the whole
sector

•

•

Representation of the total impact of CE actions requires
both perspectives: individual by CE action (excluding
interaction) and as combination (including combination).
A higher number of more detailed scenarios could be
calculated to bring the results in line with the different
perspectives of the current public discussion.

•

•

6.

Linking of results to the
existing
reporting

•
•

Definition of activities and products happens in Step 1-4.
Linking to CRF: the allocation of GHG emissions is based
on definition of the CRF categories (and respective

•

research needs to be carried out to allow a more detailed
representation in the model
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. 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.
Comprehensive analysis should include a more detailed
representation of the changes in the building stock until
2050.
As the interaction of CE actions were considered in the
model framework by defining additive and multiplicative
relations between them (highly sector-specific), the
combined presentation of total CE action impact (if
decomposed by action) depends heavily on the order of
calculation; no immediately preferable order was
established. Results were therefore presented in two
variants along the life cycle with strongly differing
contribution of the individual CE actions.
The model has been developed to reflect the relations
between the lifecycle stages and includes assumptions
and estimates on material use. Sensitivities were
assessed for selected data points deemed most
influential. However, considerable uncertainty persists,
especially regarding material end uses and intermediate
products (as these are not commonly available as
comprehensive statistics).
Small-scale facilities can be neglected for cement and
steel manufacturing and electricity generation so all GHG
emissions are allocated to the ETS.
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Steps

categories
and ETS)

Part 1 Scoping decisions

(UNFCCC

CRF
•

•

guidance) as well as definitions and guidance of energy
balances and respective link to the CRF.
Linking to ETS/non-ETS: the allocation is based on the
coverage of the ETS Directive as given in Annex 1 of the
Directive. A decision is required on role of small-scale
facilities to produce respective products based on
available data to decide if emissions are allocated to the
ETS. Definition of “other” covers all emissions outside of
the scope of the ETS and non-ETS.
Embedded emissions need to be clearly defined (although
this already happens in former steps) to allocate the
respective emissions to the correct CRF category and to
ETS/non-ETS or other.

Part 2 Decisions in the application of the methodology
to the buildings sector
•

•

Energy consumption from the construction sector is an
own entry in energy balances and transferred to 1.A.3.e
“Other transport” and to the non-ETS sectors.
Embedded emissions are emissions arising during the
quarrying of the aggregates (mainly gravel and sand) in
the EU and transferred 1.A.2.f “emissions from energy
consumption

from

manufacturing

of

non-metallic

minerals” and to the non-ETS sectors.
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APPENDIX 3
ADDITIONAL INFORMATION ON DATA SOURCES
Table 8.2 Product categories in EXIOBASE v.3.4.

Nbr

Name

CodeNr

1

Paddy rice

p01.a

2

Wheat

p01.b

3

Cereal grains nec

p01.c

4

Vegetables, fruit, nuts

p01.d

5

Oil seeds

p01.e

6

Sugar cane, sugar beet

p01.f

7

Plant-based fibers

p01.g

8

Crops nec

p01.h

9

Cattle

p01.i

10

Pigs

p01.j

11

Poultry

p01.k

12

Meat animals nec

p01.l

13

Animal products nec

p01.m

14

Raw milk

p01.n

15

Wool, silk-worm cocoons

p01.o

16

Manure (conventional treatment)

p01.w.1

17

Manure (biogas treatment)

p01.w.2

18

Products of forestry, logging and related services (02)

p02

19

Fish and other fishing products; services incidental of fishing (05)

p05

20

Anthracite

p10.a

21

Coking Coal

p10.b

22

Other Bituminous Coal

p10.c

23

Sub-Bituminous Coal

p10.d

24

Patent Fuel

p10.e

25

Lignite/Brown Coal

p10.f

26

BKB/Peat Briquettes

p10.g

27

Peat

p10.h

28

Crude petroleum and services related to crude oil extraction, excluding surveying

p11.a

29

Natural gas and services related to natural gas extraction, excluding surveying

p11.b

30

Natural Gas Liquids

p11.b.1
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Nbr

Name

CodeNr

31

Other Hydrocarbons

p11.c

32

Uranium and thorium ores (12)

p12

33

Iron ores

p13.1

34

Copper ores and concentrates

p13.20.11

35

Nickel ores and concentrates

p13.20.12

36

Aluminium ores and concentrates

p13.20.13

37

Precious metal ores and concentrates

p13.20.14

38

Lead, zinc and tin ores and concentrates

p13.20.15

39

Other non-ferrous metal ores and concentrates

p13.20.16

40

Stone

p14.1

41

Sand and clay

p14.2

42

Chemical and fertilizer minerals, salt and other mining and quarrying products nec

p14.3

43

Products of meat cattle

p15.a

44

Products of meat pigs

p15.b

45

Products of meat poultry

p15.c

46

Meat products nec

p15.d

47

products of Vegetable oils and fats

p15.e

48

Dairy products

p15.f

49

Processed rice

p15.g

50

Sugar

p15.h

51

Food products nec

p15.i

52

Beverages

p15.j

53

Fish products

p15.k

54

Tobacco products (16)

p16

55

Textiles (17)

p17

56

Wearing apparel; furs (18)

p18

57

Leather and leather products (19)

p19

58

p20

60

Wood and products of wood and cork (except furniture); articles of straw and
plaiting materials (20)
Wood material for treatment, Re-processing of secondary wood material into new
wood material
Pulp

61

Secondary paper for treatment, Re-processing of secondary paper into new pulp

p21.w.1

62

Paper and paper products

p21.2

63

Printed matter and recorded media (22)

p22

64

Coke Oven Coke

p23.1.a

65

Gas Coke

p23.1.b

66

Coal Tar

p23.1.c

67

Motor Gasoline

p23.20.a

68

Aviation Gasoline

p23.20.b

69

Gasoline Type Jet Fuel

p23.20.c

70

Kerosene Type Jet Fuel

p23.20.d

71

Kerosene

p23.20.e

59

p20.w
p21.1
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Nbr

Name

CodeNr

72

Gas/Diesel Oil

p23.20.f

73

Heavy Fuel Oil

p23.20.g

74

Refinery Gas

p23.20.h

75

Liquefied Petroleum Gases (LPG)

p23.20.i

76

Refinery Feedstocks

p23.20.j

77

Ethane

p23.20.k

78

Naphtha

p23.20.l

79

White Spirit & SBP

p23.20.m

80

Lubricants

p23.20.n

81

Bitumen

p23.20.o

82

Paraffin Waxes

p23.20.p

83

Petroleum Coke

p23.20.q

84

Non-specified Petroleum Products

p23.20.r

85

Nuclear fuel

p23.3

86

Plastics, basic

p24.a

87

Secondary plastic for treatment, Re-processing of secondary plastic into new plastic

p24.a.w

88

N-fertiliser

p24.b

89

P- and other fertiliser

p24.c

90

Chemicals nec

p24.d

91

Charcoal

p24.e

92

Additives/Blending Components

p24.f

93

Biogasoline

p24.g

94

Biodiesels

p24.h

95

Other Liquid Biofuels

p24.i

96

Rubber and plastic products (25)

p25

97

Glass and glass products

p26.a

98

Secondary glass for treatment, Re-processing of secondary glass into new glass

p26.a.w

99

Ceramic goods

p26.b

100

Bricks, tiles and construction products, in baked clay

p26.c

101

Cement, lime and plaster

p26.d

102

Ash for treatment, Re-processing of ash into clinker

p26.d.w

103

Other non-metallic mineral products

p26.e

104

Basic iron and steel and of ferro-alloys and first products thereof

p27.a

105

Secondary steel for treatment, Re-processing of secondary steel into new steel

p27.a.w

106

Precious metals

p27.41

107

Secondary precious metals for treatment, Re-processing of secondary precious
metals into new precious metals
Aluminium and aluminium products

p27.41.w

p27.42.w

110

Secondary aluminium for treatment, Re-processing of secondary aluminium into
new aluminium
Lead, zinc and tin and products thereof

111

Secondary lead for treatment, Re-processing of secondary lead into new lead

p27.43.w

112

Copper products

p27.44

108
109

p27.42

p27.43
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Nbr

Name

CodeNr

113

Secondary copper for treatment, Re-processing of secondary copper into new
copper
Other non-ferrous metal products

p27.44.w

p27.45.w

116

Secondary other non-ferrous metals for treatment, Re-processing of secondary
other non-ferrous metals into new other non-ferrous metals
Foundry work services

117

Fabricated metal products, except machinery and equipment (28)

p28

118

Machinery and equipment nec (29)

p29

119

Office machinery and computers (30)

p30

120

Electrical machinery and apparatus nec (31)

p31

121

Radio, television and communication equipment and apparatus (32)

p32

122

Medical, precision and optical instruments, watches and clocks (33)

p33

123

Motor vehicles, trailers and semi-trailers (34)

p34

124

Other transport equipment (35)

p35

125

Furniture; other manufactured goods nec (36)

p36

126

Secondary raw materials

p37

127

Bottles for treatment, Recycling of bottles by direct reuse

p37.w.1

128

Electricity by coal

p40.11.a

129

Electricity by gas

p40.11.b

130

Electricity by nuclear

p40.11.c

131

Electricity by hydro

p40.11.d

132

Electricity by wind

p40.11.e

133

Electricity by petroleum and other oil derivatives

p40.11.f

134

Electricity by biomass and waste

p40.11.g

135

Electricity by solar photovoltaic

p40.11.h

136

Electricity by solar thermal

p40.11.i

137

Electricity by tide, wave, ocean

p40.11.j

138

Electricity by Geothermal

p40.11.k

139

Electricity nec

p40.11.l

140

Transmission services of electricity

p40.12

141

Distribution and trade services of electricity

p40.13

142

Coke oven gas

p40.2.a

143

Blast Furnace Gas

p40.2.b

144

Oxygen Steel Furnace Gas

p40.2.c

145

Gas Works Gas

p40.2.d

146

Biogas

p40.2.e

147

Distribution services of gaseous fuels through mains

p40.2.1

148

Steam and hot water supply services

p40.3

149

Collected and purified water, distribution services of water (41)

p41

150

Construction work (45)

p45

151

Secondary construction material for treatment, Re-processing of secondary
construction material into aggregates
Sale, maintenance, repair of motor vehicles, motor vehicles parts, motorcycles,
motor cycles parts and accessoiries
Retail trade services of motor fuel

p45.w

114
115

152
153

p27.45

p27.5

p50.a
p50.b
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Nbr

Name

CodeNr

154

p51

156

Wholesale trade and commission trade services, except of motor vehicles and
motorcycles (51)
Retail trade services, except of motor vehicles and motorcycles; repair services of
personal and household goods (52)
Hotel and restaurant services (55)

157

Railway transportation services

p60.1

158

Other land transportation services

p60.2

159

Transportation services via pipelines

p60.3

160

Sea and coastal water transportation services

p61.1

161

Inland water transportation services

p61.2

162

Air transport services (62)

p62

163

Supporting and auxiliary transport services; travel agency services (63)

p63

164

Post and telecommunication services (64)

p64

165

p65

167

Financial intermediation services, except insurance and pension funding services
(65)
Insurance and pension funding services, except compulsory social security services
(66)
Services auxiliary to financial intermediation (67)

168

Real estate services (70)

p70

169

p71

170

Renting services of machinery and equipment without operator and of personal and
household goods (71)
Computer and related services (72)

171

Research and development services (73)

p73

172

Other business services (74)

p74

173

Public administration and defence services; compulsory social security services (75)

p75

174

Education services (80)

p80

175

Health and social work services (85)

p85

176

Food waste for treatment: incineration

p90.1.a

177

Paper waste for treatment: incineration

p90.1.b

178

Plastic waste for treatment: incineration

p90.1.c

179

Intert/metal waste for treatment: incineration

p90.1.d

180

Textiles waste for treatment: incineration

p90.1.e

181

Wood waste for treatment: incineration

p90.1.f

182

Oil/hazardous waste for treatment: incineration

p90.1.g

183

Food waste for treatment: biogasification and land application

p90.2.a

184

Paper waste for treatment: biogasification and land application

p90.2.b

185

Sewage sludge for treatment: biogasification and land application

p90.2.c

186

Food waste for treatment: composting and land application

p90.3.a

187

Paper and wood waste for treatment: composting and land application

p90.3.b

188

Food waste for treatment: waste water treatment

p90.4.a

189

Other waste for treatment: waste water treatment

p90.4.b

190

Food waste for treatment: landfill

p90.5.a

191

Paper for treatment: landfill

p90.5.b

192

Plastic waste for treatment: landfill

p90.5.c

193

Inert/metal/hazardous waste for treatment: landfill

p90.5.d

155

166

p52
p55

p66
p67

p72
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Nbr

Name

CodeNr

194

Textiles waste for treatment: landfill

p90.5.e

195

Wood waste for treatment: landfill

p90.5.f

196

Membership organisation services nec (91)

p91

197

Recreational, cultural and sporting services (92)

p92

198

Other services (93)

p93

199

Private households with employed persons (95)

p95

200

Extra-territorial organizations and bodies

p99

Table 8.3 Emission types contained in EXIOBASE v.3.4, which are used in the present analysis.

Emission type
CO2 - combustion - air
CO2 - non combustion - Cement production - air
CO2 - agriculture - peat decay - air
CO2 - waste - biogenic - air
CO2 - waste - fossil - air
CH4 - combustion - air
CH4 - non combustion - Extraction/production of (natural) gas - air
CH4 - non combustion - Extraction/production of crude oil - air
CH4 - non combustion - Mining of antracite - air
CH4 - non combustion - Mining of bituminous coal - air
CH4 - non combustion - Mining of coking coal - air
CH4 - non combustion - Mining of lignite (brown coal) - air
CH4 - non combustion - Mining of sub-bituminous coal - air
CH4 - non combustion - Oil refinery - air
CH4 - agriculture - air
CH4 - waste - air
N2O - combustion - air
N2O - agriculture - air
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APPENDIX 4
LONG- AND SHORTLISTS OF CIRCULAR ECONOMY ACTIONS
See separate Excel document.
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APPENDIX 5
Circular economy action sheets
See separate Excel document.
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