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Abstract. Linear climate mitigation models look into aggregated economic sectors and model
greenhouse gas (GHG) emissions disregarding downstream value chains, making particular
sectors accountable for downstream (or upstream) GHG emissions. Hence, the present climate
mitigation models inconsistently account for indirect GHG emissions; underrepresent upstream
and downstream value chains; do not address Circular Economy (CE) practices; do not cover
resource consumption, thus not considering materials' circularity. To provide curated policy
support for decision-making for carbon neutrality and other Sustainable Development Goals
(SDGs), models need to shift from linear to circular. To achieve this, a link between energy-
climate mitigation modelling and cradle-to-cradle assessment CE analytical tools must be
established. This is the core issue covered in the CO.NSTRUCT Horizon project (2022-2026).
CO,NSTRUCT proposes a framework to supplement the well-established JRC-EU-TIMES
model, using a highly comprehensive technological representation with CE measures. The
framework will apply CE measures to the value chain of six carbon-intensive construction
materials (i.e., cement, steel, brick, glass, wood, and insulation materials) and will provide new
components to the JRC-EU-TIMES model, including citizen behaviour; societal impacts;
rebound effects; supply and value chains. The results will be used for policy approaches
integrating CE into climate change mitigation actions.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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1. Introduction

Climate mitigation models are most suitable for representing linear patterns of economic activity.
Greenhouse gas (GHG) emissions are modelled per economic sector (resource extraction, industry,
energy production, final energy use, etc.) without considering downstream value chains. This means
that, for example, for the cement sector, GHG emissions associated with cement production are seen by
climate mitigation models as the sole responsibility of the cement industry. Upstream and downstream
value chains are poorly represented, indirect GHG emissions are seldom included, and extending
product lifetime, sharing models, and feedback loops - common to circular economy (CE) measures -
are not considered. Increased resource use for climate mitigation, whether from the EU or the rest of the
world, is not addressed. Thus, current climate mitigation models cannot account for materials'
circularity. To achieve carbon neutrality with minimal impact on other Sustainable Development Goals
(SDGs) — like industry, innovation, and infrastructure (SDG9), responsible consumption and production
(SDG12), and good health and well-being (SDG3) — it is needed to transform linear models used for
policy support into circular models. To do so, the gap between energy-climate mitigation modelling and
CE analytical tools used for cradle-to-cradle assessments (e.g., LCA-Life Cycle Assessment, MFA-
Material Flow Analysis, or value-chain analysis) should be bridged. Climate mitigation models, in turn,
require a high level of technical detail to represent CE measures and integrate feedback loops
characteristic of CE practices. Existing climate mitigation models need a major technological leap to
address these CE technical aspects. This is the main challenge addressed in the CO,NSTRUCT
European project.

CO,;NSTRUCT: "Modelling the role of circular economy structure value chains for a carbon-neutral
Europe" is a European Horizon, Research and Innovation Action (RIA) project involving seven
organizations from seven countries (Denmark, Greece, Italy, Spain, Portugal, Germany, and the United
Kingdom). The project, which started in June 2022 with a duration of four years, is coordinated by the
Technical University of Denmark (DTU).

The project aims to develop a framework that will augment a well-known open climate mitigation
energy systems model, with highly detailed technology representation - JRC-EU-TIMES (hereafter
referred to as TIMES) - with CE measures. The framework will focus on implementing CE measures
for the value chain of six carbon-intensive construction materials (cement, steel, brick, glass, wood, and
insulation materials), and it will combine the following components with the TIMES linear energy-
climate mitigation model: (i) high-resolution value chain representation; (ii) embodied energy, materials
and GHG emissions (and other externalities); (iii)) comprehensive menu of CE measures including
feedback loops; (iv) citizen behaviour towards CE and climate mitigation; (v) CE analytical tools, and
(vi) rebound effects of CE measures from higher resource consumption (within and outside EU+ [1])
and social impacts as employment or inequalities. These will lead to a richer set of circular climate
mitigation options to be modelled in TIMES. The framework will apply several CE scenarios to
understand the short-term (2030) and future (2050 and 2070) and ensure carbon neutrality by at least
2050. This will be used to understand current and future potential CE contributions in Europe to GHG
emissions reductions and will be translated into sound and effective policy support information for
climate mitigation. Although the CO,NSTRUCT framework is applied to the whole EU+ energy
production and consumption system (disaggregated per country), the consortium will emphasize on two
highly relevant economic case studies, henceforth named clusters: (1) offshore Renewable Energy
Sources (RES) energy production and (2) buildings.

CO,;NSTRUCT has set the following stand-alone objectives in line with the development of the
project climate mitigation modelling framework:

e To define the baseline of material flows, carbon, water, and embodied energy of materials across
six carbon-intensive construction materials value chains and to create a dataset for construction
materials, including CE measures. Means of verification: Creation of an open-access database
verified by key stakeholders.

e Todevelop astrategy to quantify citizen behaviour and key stakeholder opinion on CE measures
of six construction materials and incorporate its results in the TIMES energy-climate mitigation
model. Means of verification: Performing of a survey in the 7 participating countries, involving
at least 1400 citizens and conduction of at least 25 key stakeholders’ interviews.
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e To map the CE value chain for each of the six carbon-intensive construction materials. Means
of verification: Value chain conceptual model, validated by key stakeholders.

e To identify the social implications of the transition towards CE in the selected value chains.
Means of verification: The created open-access database will include estimated social impacts,
allowing for visualization of data on mitigation options, value chains and framework structure.

e To develop a new climate mitigation modelling framework for the construction materials value
chain that includes an account for CE feedback loops and other CE tools, their rebound effects,
expected citizen engagement, and an evaluation of externalities for different CE climate
mitigation scenarios. Means of verification: An augmented open TIMES energy-climate
mitigation model including CE options.

e To integrate CE into climate action, policies, and externalities. Means of verification: At least
10 policy-making recommendations and at least 19 meetings/workshops with policy makers and
other key stakeholders.

The methodology that will be undertaken to accomplish the aforementioned objectives is illustrated
in Figure 1. This includes how Data, Models & Tools, Scenarios & Pathways are interconnected with
each other and how they relate to the project's objectives.

Objective 6

ISP | and eng:

Objective 4

Objective 50€
Objective 1

/
Objective3 - 4

Figure 1. Interconnectivity and workflow of the CO,NSTRUCT project

The main novelty of CO.NSTRUCT will be the development of new modelling abilities to connect
existing and well-established CE tools with climate mitigation models. The consortium anticipates that
the expanded circular climate mitigation framework will broaden its current use by having a better
representation of carbon-intensive industrial value chains (cement, steel, brick, glass, wood and
insulation materials), considering varied environmental indicator data (embodied GHG emissions, air
pollutants, water, energy), and closed-loop value chains (containing CE impacts and feedback loops).
This expanded "Circular TIMES" model will deliver knowledge for concrete solutions for industry and
policymakers. Additionally, it is envisaged that the modelling outcomes will be designed to support
exploring new business concepts focused on CE and carbon-neutral construction products/services.

This study presents the main objectives of CO,NSTRUCT project regarding existing knowledge gaps
and related state-of-the-art in the specific field. It also identifies the novelties and the foreseen actions
to accomplish the project's goals throughout the project duration.
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2. Creation of a dataset for construction materials, including CE measures

Accurately accounting for CO, emissions (from construction materials, buildings, and offshore RES
energy production) is limited because of omitted methodological assumptions of LCA studies. There is
an increasing amount of available data (big data) [2], but at the same time, there is a lack of attention
paid to embodied impacts in building-related energy research [3]. In other words, despite the increasing
amount of data, there is still a lack of reliable and meaningful data to supply to the existing models. In
addition, the existing data is siloed — it is represented in a range of different formats, preventing direct
comparison and synergetic insights. This is only aggravated when it comes to CE options, with
convoluted data flows and intricate connections and loops within the supply network. Academia and
industry communities would benefit from an ontological approach to data management in this field. This
is a clear gap; meaningful data is missing for reliable circular climate mitigation scenarios projection.

One of the main objectives of CO,NSTRUCT project is to create a dataset for construction materials,
including CE measures. During the project, data will be gathered and treated on environmental
externalities and they will be translated it into indicators such as GHG and air pollutant emissions,
embodied energy, water, materials costs, and mass balances about business-as-usual practices along
their value chains. To achieve this, the following steps will be followed:

e Screen and retrieve data from the usage of cement, steel, wood, brick, glass, and insulation
materials in existing databases.

e Gather emission/usage data (embodied energy, GHG, water) throughout the six construction
materials' supply chain and other life cycle stages.

e Explore links between occupant behaviour modelling for energy consumption and circular
economy strategies.

e Validate information with key stakeholders.

CO,NSTRUCT goes beyond GHG emission alone and combines multiple environmental flows —
water use embodied energy of materials, and air pollutant emissions — including economic data and
occupant behaviour of buildings to provide a curated database. The knowledge of citizen/consumer
behaviour on CE measures along the six materials' value chains for its use in offshore RES energy
production and buildings will also be added to the database. The database will account for data source
and format differences and (perhaps more importantly) for location-related variations in transportation
and energy mix makeup.

In CO,NSTRUCT a curated, open-access database will be created that will support integrating
different environmental vectors (GHG emissions, water usage, air pollutant emissions, and embodied
energy data) of six carbon-intensive construction materials into climate mitigation models.

3. Developing a strategy to quantify citizen behaviour and key stakeholder opinion toward CE
and climate mitigation

The concept of CE in the construction sector represents an economic model that considers both the
building construction and their infrastructures to maintain materials, products, and components at their
maximum technical, economic and environmental values [4].

There is substantial literature debating the theoretical merits of reducing, reusing, recycling, and
other CE practices [5]. There is evidence that recycled construction and demolition (C&D) waste
products are technically feasible [6] and regulated in the construction sector [7]. However, there is strong
resistance to the reuse and recycling of C&D waste in construction projects [8, 9], while poor
information is available on who can influence the decision to use recycled or reused products in the
sector [10]. There is currently insufficient information and little empirical evidence on the behavior and
preferences of consumers and other stakeholders in the use of CE practices, both in buildings and in
offshore RES energy production [11], and there is a need to assess their influence. Shooshtarian et al.
[12] have identified six categories to have a representative sample of stakeholders: client, government,
recycler, architect, civil/structural engineer, and builder, as these stakeholders exert a strong influence
on the construction and energy sector [13,14].

CO,;NSTRUCT project aims to bridge the gap of missing empirical evidence related to consumer and
other stakeholder behaviour and preferences on the use of CE practices by developing a strategy to
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quantify citizen behaviour and key stakeholder opinion toward CE and climate mitigation. The first step
is to analyse citizen awareness and behaviour on CE and climate change aspects and their effect on the
development of climate change mitigation models. The analysis will start with a bibliographic analysis
of existing surveys on the project topics to identify gaps and potential research topics of citizen
behaviour on CE for climate change mitigation. Then, a quantitative survey will be conducted, using
questionnaires on the citizen behaviour (response and reactions) on circular construction materials and
their contribution to the reduction of CO,. The quantitative survey will be performed in the seven
participating project counties (Denmark, Greece, Italy, Spain, Portugal, Germany, and the UK),
involving at least 200 participants per different country. The survey will advance the understanding of
the important criteria to citizens and collect their opinions on the six construction materials analysed by
the project. Moreover, the study will investigate their awareness and willingness to pay for materials
produced, taking CE values into account.

Key stakeholders will be identified, and actions to engage them will take place. The stakeholder
engagement strategy will include:

o Interviews with at least 25 EU and national associations and key policy and construction sector
stakeholders, including citizen unions and building owners. Stakeholders will be interviewed
on their perception of construction materials CE about financial, environmental, social, and
policy aspects.

e (Qualitative analysis of the results of the interviews.

e Synthesis and comparison of the quantitative results from the survey and the qualitative analyses
of interviews' results.

e Conduction of choice experiments focusing on specific stakeholder categories; quantitative
analysis of collected data.

e Involvement and interaction of stakeholders throughout the process development of the project
to gather feedback to develop and improve the climate mitigation scenarios for circular
construction.

The results of the abovementioned analysis will be incorporated into the TIMES climate mitigation
model.

In parallel, occupants/stakeholders' materials and energy behavior will be examined through
simulation tools in the following two clusters:

e Buildings. This sector strongly influences energy consumption, resources, waste, and emissions,
which must be optimized to meet the climate change targets set by the European Union [15].
This research will explore how space-sharing models could affect energy consumption in
commercial and residential buildings.

o Offshore RES energy production. An important point in energy consumption and carbon
reduction is renewable generation and its connections to other parts of the energy system. This
research will analyze how component sharing, reuse, and industrial symbiosis scenarios
contribute to reducing energy and materials in offshore RES installations.

Several sensitivity analyses will be carried out using simulation tools to quantify the influence of
occupant behavior on building energy consumption. For this purpose, a simulation environment will be
developed by coupling dynamic simulation models with parametrization tools, allowing the assessment
of the building energy performance under different configurations. A web tool for buildings will also be
developed to analyze the environmental impact reduction potential of space sharing in various scenarios
(office, multi-family housing, commercial building types, etc.). Finally, an interactive website for
offshore RES energy production will highlight different scenarios based on the results obtained from
energy reduction analysis of several component reuse, sharing, and industrial symbiosis solutions on
offshore RES facilities (including ports).

Data obtained from the quantitative survey on citizens' behaviour on CE measures and sensitivity
analyses will be assessed, and their results will be fed into TIMES, allowing the impacts of the CE to be
quantified. Incorporating this data into TIMES will improve the understanding of society's response and
behavioural changes. This knowledge will facilitate the design, assessment, and identification of optimal
solutions adapted to climate change.
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4. Mapping CE practices in the supply and value chains in the construction sector

EU policies support the production and consumption patterns change across the whole Value Chains
towards a CE [16]. Construction materials Value Chains are in the limelight because of their economic
and environmental impacts [17]. Since CE may reshape construction materials Value Chains, this field
has attracted rising interest [18]. The development of detailed material-specific mapping of their CE-
based Value Chains is still unaddressed, even though academics have devoted significant efforts to shed
light on the CE-driven construction industry topic [19]. Such a mapping effort is both topical and urgent
because the circular transition in the industry needs to involve all manifold portions of the Value Chain
[20].

Current climate mitigation models are conceived for linear models of economic activity, i.e., linear
production and consumption patterns. This means that they are not able to assess the impact that material
circularity and the extended/intensified use of products have on polluting emissions and energy
consumption across the Supply and Value Chains, from raw material extraction of the end-of-life phase
of products or materials, and, eventually, on climate change. However, developing a framework to
augment climate-energy models with CE options requires figuring out how a CE affects the material
flows, their transformation processes, and the related energy needs from a life cycle perspective in the
Construction sector. Gathering this information requires understanding the changes, such as material
and energy flows, operations, and distribution channels, that the circular transition is entailing in the
multi-layered Construction Supply Chain (SC) and singling out which actions, called CE practices, have
been or will be deployed to pursue the circular transition in this context. This is of the utmost importance
to define a list of requirements to embed the CE in the TIMES model and develop a generalizable
framework that may allow other climate-energy models to account for circularity.

With this aim, data concerning basic and non-basic industries involved in the Construction sector in
linear and closed-loop settings will be collected and analysed for the six carbon-intensive construction
materials. To do so, the following activities are planned by CO,NSTRUCT:

o Mapping of the Construction materials SC. This activity, which is currently ongoing, aims to
map the SC of the six carbon-intensive construction materials by depicting the involved actors,
supply channels, and main flows (information, material, value). These SCs may include players
or distribution channels from other industries that typically feed the Construction sector (e.g.,
textiles). This activity is needed to create a snapshot of the current structure of the Construction
sector in terms of, for instance, production and transportation volumes, energy needs, main
supply relationships, and actors. Such a snapshot will provide a baseline in which a CE may be
applied. The data will be collected from different EU countries. To reduce the lack of regulatory
cohesiveness across borders, countries with relevant characteristics and different readiness
levels related to legislation will be clustered.

o [Identification and analysis of CE practices along with the six carbon-intensive construction
materials. The growing attention to the circular transition has stimulated the conception of
manifold practices to establish a CE and create circular SCs. Therefore, this activity will consist
of identifying such practices by reviewing the grey literature and developing case studies in the
Construction sector. The identified practices will be analysed and reviewed with the support of
the End Users' Board (a board which will be established within the project including
representatives from the scientific community, policymakers and the industrial sector) to single
out the most meaningful ones in the Construction industry.

o Mapping of the six carbon-intensive construction materials Closed-Loop SCs. This activity aims
to map the changes that the identified CE practices imply in the SCs of the six selected carbon-
intensive materials. The resulting so-called Closed-Loop Supply Chains (CLSCs) may involve
new stakeholders and material loops between different stages of single or multiple SCs related
to the Construction sector. However, such loops may also occur between a Construction SC and
a SC from another sector. For example, a construction material might be replaced by a bio-based
equivalent coming from the agriculture sector. The CLSCs representation summarises the SC
structural changes due to the circular transition. It highlights both the SC stages in which a CE
is taking place and the spots that may show untapped circular potential.



SBE23-THESSALONIKI 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1196 (2023) 012043 doi:10.1088/1755-1315/1196/1/012043

o Mapping of the six carbon-intensive construction materials Value Chain. Once the CLSCs are
identified, the related Value Chains will be mapped to understand how the circular transition
may create environmental-friendly value starting from the material extraction in the basic
industries. This will pinpoint the main activities through which the selected materials acquire or
recover value across the supply channels and the extent of these value variations.

The four above-listed activities will provide the information needed to elicit the requirements needed
to augment the TIMES model with CE options and translate the CE practices into modified materials,
water, and energy consumption, and subsequent GHG emissions reductions (as well as for other
externalities). This will be used as a reference to develop the framework to enrich other energy-climate
models with circular production and consumption patterns.

5. Identification of potential rebound effects and social impacts of CE measures implementation
The CE has emerged as an essentially contested concept that is expected to transform economic activities
in such a way as to reduce their reliance on non-renewable energy and carbon-intensive material flows
[21]. A transition from a linear to a CE would entail a paradigmatic shift of both business models and
design strategies to prolong use, reuse and close the loop between post-use waste and production,
ultimately leading to the reduction of resources used in primary production [22]. While CE is anticipated
to radically reconstruct the relationship between ecological systems and economic activities, its
discourse is characterised by an apolitical and technocratic framing that ignores the transformational
implications of such transition [23].

"Circular economy rebound" refers to a state where the increased efficiency linked to CE activities
is offset by increased levels of production and consumption [24]. This phenomenon is directly associated
with the reductionist view of CE as an engineering system preoccupied with closing material loops,
completely overlooking market mechanisms [25]. The main objective of CE is for secondary production,
which involves the sum of reuse and recycling activities, to displace primary production. Rebound
effects occur when secondary production, which has a lower per-unit-production impact, results in
increased levels of primary production. This can be generally attributed to three mechanisms:
insufficient substitutability of secondary goods, price effects, and broader socio-economic
transformational effects.

Insufficient substitutability is linked to the perception of secondary goods being of inferior quality
that deems them undesirable to the end customer. Consequently, secondary goods are produced in
addition to - rather than instead of - primary goods, thus nullifying the benefits of CE practices. On the
other hand, price or income effects are associated with the impact of increased secondary production on
prices. Increasing the supply of secondary goods in the market, they compete to substitute primary
goods. However, perceived as goods of lower quality compared to their primary production
counterparts, they will be offered at discounted prices. According to the law of supply and demand, the
increase in the supply of secondary goods will also result in a decrease in the price of substitute (primary
goods), since suppliers are competing to attract more buyers. As prices drop, the demand for both goods
will increase since consumers perceive themselves to have a comparatively higher income than before
(income effect). The increase in demand will then lead to an increase in prices, and the market will move
toward a state of equilibrium of a lower price but higher quantity. At that equilibrium point, supply will
match the demand, which means that suppliers produce just enough at the right price to satisfy consumer
demand. However, the extent to which secondary production can replace primary production on a one-
to-one basis is uncertain, as it will depend on buyers' and sellers' responses to prices and their willingness
to substitute new with refurbished products. Last, broader socio-economic transformational effects
concern the indirect consequences of the transition to a CE on employment, income, immigration, and
overall consumption patterns. For instance, increased demand for recycled and refurbished products
could result in the re-emergence of repair occupations, which have systematically disappeared over the
last decades, with unknown implications for employment in other industrial sectors (such as extractive
ones). Nonetheless, the most prominent implication concerns the link between CE and economic growth,
closely related to a production increase, thus, a simultaneous decrease of associated environmental
benefits.
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All these issues are extremely relevant to the construction sector, given its reliance on extractive
industries; for this reason, the rebound potential of CE solutions will be at the forefront of the research
activities conducted in the CO,NSTRUCT project.

6. Developing CO;NSTRUCT Circular Climate Mitigation Modelling Framework and
Scenarios

Current climate mitigation models cannot sufficiently consider CE measures or interconnected resource
needs despite improvements in this direction. Existing Integrated Assessment Models (IAM) for climate
mitigation modelling, such as IMAGE, MESSAGE, WITCH-GLOBIOM, etc., have been powerful tools
for improving our understanding of the climate change problem and the potential pathways to deal with
it as included in Intergovernmental Panel on Climate Change - Fifth Assessment Report (IPCC ARS5)
[26]. However, IAM cannot perform integrated resource assessment and modelling [27] since they often
focus on a single resource or are applied on an aggregated scale. On the other hand, existing technology
energy-climate mitigation models (as TIMES) have been linked to other tools/methods to investigate
connections between energy and other systems [28], but such efforts did not: (i) address trade-offs and
benefits across the technologies' life cycle; (ii) consider materials value chains nor the possibility for
closing loops, (iii) quantify effects on optimal decarbonization pathways regarding additional
economic/social aspects (e.g., investment needs, energy prices). Thus, climate mitigation models are
linear and/or do not have sufficient technical detail to adequately capture value chains, and feedback
loops inherent to CE options. Embodied energy, water, and emissions are not considered while
modelling climate mitigation pathways. Rebound effects and cradle-to-cradle analysis are not done, as
well as changes to more circular consumption patterns (e.g. sharing). This limits our capability to shift
towards a carbon-neutral economy since CE is not accounted for urgently.

CO;NSTRUCT will develop and implement a novel circular climate mitigation framework
integrating CE options, complex value chains, citizen behaviour, externalities, and rebound effects with
a well-known TIMES energy-climate mitigation model for the whole of EU+.

Within CO,NSTRUCT circular framework for climate mitigation, the outcomes of the work steps
already developed by the project will be incorporated. The six construction materials will be identified
and described and the CE measures applied to the supply and value chains. The framework will include
functionalities from existing CE analytic tools adding the functionalities necessary for climate
mitigation models. Specifically, the overlaps and gaps within the CE tools will be identified starting
with the analysis of existing and established CE analytical tools. A characterization of CE tools will
follow this according to defined criteria. The review will pay special attention to how climate mitigation
issues are currently dealt with in CE tools (e.g. MFA, Substance Flow Analysis-SFA, input-output
analysis-IOA, LCA, social LCA- sLCA, embodied carbon footprint analysis, among other). Recent and
innovative CE tools will also be considered. Secondary data will be complemented with a survey
targeting experts in the field. Concrete recommendations for integrating GHG mitigation on CE tools
will be made.

Based on the assessed CE tools, an ontology for "circular mitigation" will be developed. Gaps and
missing links between TIMES and CE analytical tools will be identified. A step-by-step "conceptual
breakdown" of the TIMES model components will be realised, contrasting them with the accomplished
so far outputs of the project. It will be identified where and how to include in TIMES:

e CE feedback loops, detailed sub-division of processes and sectors, as well as more detailed
modelling of more materials with mass balances;

e CE measures mainly related to consumption changes (i.e. sharing, extending lifetime) that may
not necessarily require modelling of loops, but instead changes in TIMES exogenous energy
services and materials demand,;

e GHG & air pollutants emission data embodied energy, and water use/water scarcity footprint;

e consumer/citizen behaviour towards the adoption of CE measures;

e environmental and social rebound effects.

The beta version of the framework will contain essential features to convert the TIMES model into
a full "circular climate mitigation model". Subsequently, the TIMES model will be assessed to determine
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which elements can be included from the beta version of the framework, considering computational and
data limitations for all countries in the model. Another important decision factor will be the need to
ensure the replication and usage of the framework with other non-TIMES climate mitigation models.
Decisions will be made on the extent of integration of TIMES with CE analytical tools, i.e. from full
integration (for example bringing LCA into TIMES by using “externality factors” as shadow costs) to
soft linking TIMES with e.g. SLCA. As a final result, the structure for all needed TIMES files including
CE measures will be prepared. To support framework replicability, the data obtained from the previous
tasks will be compiled in a user-friendly database for climate mitigation modelers.

The developed CO,NSTRUCT framework will be then implemented to quantify CE's potential
contribution to climate goals. The synergies and antagonisms between CE and climate mitigation
pathways toward carbon neutrality will be quantified for this. Results will be obtained for the entire EU
energy production and consumption system. Still, the studied CE role focus on the six high-carbon and
pervasive construction materials, with special emphasis on the clusters (1) offshore RES energy
production and (2) buildings, two major areas where urgent (and sustainable) climate action is required.

CO;NSTRUCT framework will drive the TIMES model from linear to circular climate mitigation.
The augmented model will be used to simulate different pathways to meet the carbon neutrality goals of
the EU for the short/long term. At least the following CE measures will be considered: (i) Reduce:
reflects reduction strategies a reduction of materials/products needs and production; (ii) Share: reflects
a sharing economy and society, supported by new business models and a rethinking of
equipment/services, that may not need to be purchased as they can be shared (i.e. sharing building space
or offshore infrastructure); (iii) Repair: considers a lifetime extension of buildings and of infrastructure
for offshore energy production; (iv) Recycle: waste materials used as raw through reprocessing (ex.
recycling of C&D waste by cement industry) and (vi) a combination of the above. Different scenarios
will be co-developed with industry and policymakers considering different degrees of CE adoption
across the six-construction materials value chains. The scenarios will be built on the two clusters:
offshore RES energy production (cluster 1) and buildings (cluster 2). After running TIMES with these
scenarios, the following quantitative outputs will be obtained from the model: GHG (and other)
emissions gains, impacts on both GHG abatement and energy costs, impacts on materials and water
consumption, value chain hotspots for most effective CE measures that impact GHG mitigation, and a
ranking of CE measures according to their capability to mitigate GHG emissions. This model output
will be transformed into an innovative CE measures labeling scheme with GHG mitigation indicators.
The TIMES model results will be translated into policy recommendations to integrate CE into climate,
energy, environmental, and economic policies toward carbon neutrality.

7. Conclusion

Climate Mitigation models are used to evaluate economic activity patterns. However, the existing
models are mainly linear, and they do not account for the materials' circularity. CO,NSTRUCT project
aims to develop a framework that will augment the well-known open climate mitigation energy systems
model "TIMES model" with CE measures. The framework will focus on implementing CE measures for
the value chain of six carbon-intensive construction materials (cement, steel, brick, glass, wood, and
insulation materials) with emphasis on two clusters (1) offshore RES energy production and (2)
buildings, two major areas where urgent (and sustainable) climate action is required. CO.NSTRUCT
framework is expected to integrate CE options, complex value chains, citizen behaviour, externalities,
and rebound effects into the TIMES model. The augmented model will be used to simulate different
pathways to meet the carbon neutrality goals of the EU for the short/long term. The TIMES model results
will be translated into policy recommendations to integrate CE into climate, energy, environmental, and
economic policies toward carbon neutrality.
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