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Circular Economy (CE) is presented today as the way forward to
achieving a sustainable and carbon-neutral society. Yet, circularity
assessment tools such as Life Cycle Assessment (LCA), Material Flow
Analysis (MFA), and Supply and value-chain analysis are currently
disconnected from the models used to advise bodies that steer
sustainability-driven policies like the Intergovernmental Panel on
Climate Change (IPCC). Climate mitigation models (henceforth climate
models) are used in policy discussions and international negotiations to
track GHG emissions and identify pathways towards a low-carbon
economy. One example is the JRC-EU-TIMES model developed by the
International Energy Agency or the PRIMES model, which is the back-
bone of the energy and climate policy of the European Union (EU). These
climate models are inherently suitable for representing only linear pat-
terns of economic activity, where GHG emissions are modelled per
economic sector (primary energy resource extraction, final energy
generation, energy, and materials used in industry, buildings, etc.). But
current climate models lack modelling resolution and flexibility to ac-
count for the Green Transition measures required e.g. Fit for 55 or
RePowerEU goals. Upstream and downstream supply chains are poorly
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represented, indirect GHG emissions are seldom included (McDowall
et al.,, 2018), and common CE measures - such as extending product
lifetime, resource sharing models, and feedback loops of materials and
goods - are not considered. This means that, for example, for the cement
sector, GHG emissions associated with the production stage are seen by
climate mitigation models as the sole responsibility of the cement in-
dustry. However, a reallocation of building materials from concrete to
raw materials, for example, can provide carbon storage and sequestra-
tion, and consequently pledges a reduction of GHG emissions. In addi-
tion, citizen behaviour is poorly understood and quantified regarding
construction materials CE practices of reuse, recycling, and sharing
(Wijkman, 2019).

Thus, current climate mitigation models cannot account for
materials’ circularity or interconnected resource needs despite im-
provements in this direction. Existing Integrated Assessment Models
(IAM) for climate mitigation modelling, such as IMAGE, MESSAGE and
WITCH-GLOBIOM, have been powerful tools for improving our under-
standing of the climate change problem and the potential pathways to
deal with it as in IPCC AR5. However, IAM cannot perform integrated
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Fig. 1. Conceptual CO;NSTRUCT circular climate mitigation modelling framework.

resource assessment and modelling (Bazilian et al., 2011) 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 (such as TIMES) have been linked to other tools/methods to
investigate connections between energy and other systems (Luderer
et al., 2019), but such efforts did not: (i) address trade-offs and benefits
across technologies life cycle; (ii) consider materials value chains nor the
possibility for closing loops, (iii) quantify effects on optimal decarbon-
ization pathways regarding additional economic/social aspects (e.g.,
investment needs, energy prices). In consequence, climate mitigation
models are inherently 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. Related or changing im-
pacts on — sometimes remote — water resources are in their infancy
(Schomberg et al., 2021). CE rebound effects and cradle-to-cradle
analysis are not accounted for, as well as changes to more circular
consumption patterns (e.g. sharing). This limits our capability to un-
derstand and quantify the extent to which CE practices contribute to
achieve a carbon-neutral economy. In short, climate mitigation models
need a major leap to address these CE technical aspects, such as a
higher level of technical detail to adequately represent CE measures and
integrate feedback loops which characterise CE practices.

Policy actions supported by well-grounded application of Circular
Economy practices for climate mitigation are important for any eco-
nomic/industrial sector. But because the construction sector is trans-
versal to most economic sectors, being both the (i) consumer of services
and intermediate products (such as raw materials, chemicals, or elec-
trical equipment), and (ii) producer of goods (housing, products,
renewable energy infrastructure, and even Blue Economy industries),
we can use it as blueprint for the coupling of CE into climate mitigation.
Using carbon-intensive and environmental impactful construction
materials (Bazilian et al., 2011) such as cement, steel, brick, glass,
bio-based, and insulation materials as proxy, we can characterize spe-
cific feedback-loops stemming from CE practices along their
value-chains and quantify their impacts. Optimistic estimates predict
80% CO; emission reductions if material efficiency is increased, but this
number lowers to 53% for the construction sector. To accurately predict
these estimates, we need to integrate CE into climate mitigation in a

better, more holistic way, by transforming linear models used for
policy support into circular models. And to do so, we need to bridge
the gap between energy-climate mitigation modelling and CE
analytical tools used for cradle-to-cradle assessments (e.g., LCA,
MFA, Supply, and value-chain analysis). The new Horizon Europe
project COoNSTRUCT aims to do this by using the core concepts of
Material flows, closed-loop supply chains, CE rebound effect, and Cit-
izens/Consumer behaviour, bringing them together with the TIMES
energy-climate mitigation model (Fig. 1). The project will also develop a
strategy to quantify citizen behaviour and key stakeholder opinion on
six construction materials CE measures and incorporate its results in the
new circular climate mitigation framework. It aims to the engagement of
key stakeholder and citizens by considering their feedback on needed
actions to integrate CE into climate mitigation actions and by conduc-
tion various engagement activities throughout the project development.
Using the construction sector as proxy, CO;NSTRUCT will create the
imprint to shift linear climate mitigation models into circular, hopefully
allowing for a more accurate CE accounting across another economic
sectors.

Authors’ statement

The first author leads the writing of the manuscript. Co-authors were
equal collaborators in the writing of this article.

Funding

This research has been supported by the Horizon Europe’s research
and innovation call HORIZON-CL5-2021-D1-01, Grant agreement
number 101056862, COoNSTRUCT project.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Ana Teresa Lima reports financial support was provided by Horizon
Europe.



A.T. Lima et al.
Data Availability

No data was used for the research described in the article.

References

Bazilian, M., Rogner, H., Howells, M., Hermann, S., Arent, D., Gielen, D., Steduto, P.,
Mueller, A., Komor, P., Tol, R.S.J., Yumkella, K.K., 2011. Considering the energy,
water and food nexus: towards an integrated modelling approach. Energy Policy 39,
7896-7906. https://doi.org/10.1016/j.enpol.2011.09.039.

Luderer, G., Pehl, M., Arvesen, A., Gibon, T., Bodirsky, B.L., de Boer, H.S., Fricko, O.,
Hejazi, M., Humpendder, F., Iyer, G., Mima, S., Mouratiadou, 1., Pietzcker, R.C.,

Resources, Conservation & Recycling 190 (2023) 106808

Popp, A., van den Berg, M., van Vuuren, D., Hertwich, E.G., 2019. Environmental co-
benefits and adverse side-effects of alternative power sector decarbonization
strategies. Nat. Commun. 101 (10), 1-13. https://doi.org/10.1038/541467-019-
13067-8, 2019.

McDowall, W., Solano Rodriguez, B., Usubiaga, A., Acosta Fernandez, J., 2018. Is the
optimal decarbonization pathway influenced by indirect emissions? Incorporating
indirect life-cycle carbon dioxide emissions into a European TIMES model. J. Clean.
Prod. 170, 260-268. https://doi.org/10.1016/J.JCLEPRO.2017.09.132.

Schomberg, A.C., Bringezu, S., Florke, M., 2021. Extended life cycle assessment reveals
the spatially-explicit water scarcity footprint of a lithium-ion battery storage.
Commun. Earth Environ. 21 (2), 1-10. https://doi.org/10.1038/543247-020-00080-
9, 2021.

Wijkman, A., 2019. Circular economy in cities requires a systems approach. OECD/EC
Workshop on 5 July 2019 Within the Workshop Series “Managing Environmental
and Energy Transitions for Regions and Cities Circular Economy in Cities. Paris.


https://doi.org/10.1016/j.enpol.2011.09.039
https://doi.org/10.1038/s41467-019-13067-8
https://doi.org/10.1038/s41467-019-13067-8
https://doi.org/10.1016/J.JCLEPRO.2017.09.132
https://doi.org/10.1038/s43247-020-00080-9
https://doi.org/10.1038/s43247-020-00080-9
http://refhub.elsevier.com/S0921-3449(22)00640-1/sbref0005
http://refhub.elsevier.com/S0921-3449(22)00640-1/sbref0005
http://refhub.elsevier.com/S0921-3449(22)00640-1/sbref0005

	Climate mitigation models need to become circular – let’s start with the construction sector
	Authors’ statement
	Funding
	Declaration of Competing Interest
	Data Availability
	References


