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Source: Murray Hall (https://www.yourhome.gov.au/materials/embodied-energy)

Embodied energy (EE) is a
calculation of all the energy that is
used to produce a material or
product, including mining,
manufacture and transport .

Improvements in energy efficiency
within manufacturing industries
and the production of materials
with recycled content can
contribute significantly to reducing
the energy embodied in materials .

Circular materials as solution to lower the embodied energy in buildings and products
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Material GJ/t

Wood 1,43

Aluminum 192,15

Recycled aluminum 12,70

Polystyrene insulation 117,00

Cellulose fiber insulation 3,30

(Source: CRAS, Ecological Footprint, 2004)
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Source: Materiale Pyramiden (www.materialepyramiden.dk)

Research project A SECOND
CHANCE : from scrap to new
through AI. Photogrammetric
surveying , BIM scanning, and
parametric modeling using
Rhinoceros and Grasshopper,
coordinated by Dept . ABC
Politecnico di Milano with
BAGATTINI srl (Italy )

Horizon project SNUG .
«Innovative methodology based
in circular economy and artificial
intelligence to foster the
transition to Sustainable and very
high eNergy performance
bUildinGs at a cost optimal level »,
coordinated by INST . TECNOL .
METALMECANICO (Spain )

The main indicator related to embodied energy is
embodied carbon (EC), which provides clearer
evidence of the advantage of using circular
materials with a view to mitigating climate change .

AI, EE, EC : state of the research



Energy costs represent the
primary challenge for Italian
companies of all sizes, both
within industrial districts and
elsewhere , but they particularly
affect micro and small
businesses, which constitute the
very core of the Italian industrial
landscape .

Furthermore , among the green
strategies on which companies
are focusing , the transition to
renewable energy has been
adopted by more than 40 % of
Italian industries , energy
efficiency improvements by
around 30 % of companies, and
the use of secondary materials
by 20 % .

Critical issues for companies in the Italian industrial landscape
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Energy costs

Cost of raw materials and semi-finished products

Finding labour

Cost of debt

Worsening demand conditions

Difficulties in collecting payments

Transport costs

Sales to Eastern Europe

Climate change

Supply difficulties

Foreign competition

Sales to the Middle East

Difficulties in repaying debt

Working capital management

Regulatory uncertainty

Tariff barriers

Credit transfer criticality

None of the above

Medium-large companies

Small companies

Micro companies

Source: Intesa San Paolo survey (November-December 2023)

Industrial districts: main difficulties encountered by client companies by company size
(% of managers, multiple answers possible)
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Project 1.7
From waste to manufacturing.
Digital tools to establish virtous cycles

Research aims |The Project aims to promote the use of circular materials in the Italian furniture industry , by enabling the
connection among different stakeholders in the value chain . The research’s final goal is to create a digital tool fostering
data exchange related to materials , enabling waste valorization into circular materials and products .
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ReMade

The research reviewed databases of certified
furniture materials , components and products,
including EU Ecolabel, C2C, ReMade in Italy ,
Plastica Seconda Vita and EPDItaly , to map
certified items . The research focused on the
analysis of the ReMade in Italy catalogue
because the Remade database contains the
largest number of national certified furniture
products .

Digital platform benchmarking
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Mapping of existing digital tools supporting
Circular Design .

• Selection of specific categories of tools for
benchmarking purposes

• Comparative analysis
• Conceptual modelling of the different types

of platforms
• Identification of the requirements for the

new tool and definition of the model

Digital platform benchmarking

Concular

Concular disrupts the construction industry
by developing a circular process for material
flow . The system is based on an AI- driven
platform that matches buyers’ demand for
construction material with suppliers’
circular materials . Material demands from
construction projects can be uploaded onto
the platform , while circular materials from
demolition projects can be recorded using a
digital material passport .
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Platform and plug - in software 
manufacturer - to - designer
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Support in entering data relating to materials present on the platform , through the reading and interpretation
of technical data sheets and environmental certifications (e.g. EPD) and subsequent critical extrapolation of
the information required by the system

The role of AI - First function : data upload
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Support in searching for materials available on the platform , by understanding the designer's needs through
conversation with the chatbot assistant , and then quickly comparing the available alternatives

The role of AI - Second function : material search
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Integration with the software plug - in in the restitution of crucial positive and negative aspects for each
design scenario, based on the characteristics and peculiarities of the chosen material

The role of AI - Third function : comparison of scenarios



Testing phase

Designers and material producers gave positive
feedback overall . While acknowledging its limitations
due to ongoing development , users appreciated the
platform navigation experience and AI support,
emphasising how the data entry support function
significantly speeds up the process of interfacing with
the tool .

Conclusions and research perspectives

Although the software plug - in remained in the
embryonic prototype stage, the tool was met with
enthusiasm by the stakeholders involved . Continuing
the research , through collaboration with external
certification bodies, will enable the development of a
comprehensive and effective AI- based tool to reduce
the impact of the furniture sector in terms of
embodied carbon and embodied energy .
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Thank you !

Paola Altamura
Sapienza University of Rome
paola.altamura@uniroma1.it
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