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Abstract

Circular economy is playing an increasingly central role in sustainability strategies, as it enables the reduction
of non-renewable resource use, the minimization of waste, and the mitigation of environmental impacts
associated with production and consumption. In this context, it becomes crucial to develop concrete tools to
assess how circular a project truly is, thereby guiding more informed design and operational decisions. Among
the various sectors under analysis, construction represents a strategic priority for the application of circular
economy principles. Itis a high-impact sector, responsible for a significant share of global energy consumption,
waste generation, and greenhouse gas emissions. Therefore, the promotion of circular practices in construction
directly addresses one of the main critical issues of environmental sustainability. However, the current
literature still shows shortcomings in providing operational and specific metrics to measure circularity in the
construction sector. Many of the existing indicators are too generic or fail to consider the peculiarities of the
construction cycle. This study aims to contribute to the scientific discussion by presenting an applied case
study that uses as a reference the UNI/TS 11820:2024 standard, recently updated to include indicators more
suitable for the construction sector. The study evaluates the environmental, social, and governance circularity
of two Sicilian companies operating in the construction sector. One company employs traditional methods,
while the other operates in the field of green building and specializes in the construction of timber structures.
The study analyzes whether circular economy can positively influence business performance by simplifying
cost structures and enabling access to more competitive markets. The level of circularity (CL) will be assessed
through a selective application of the indicators from UNI/TS 11820:2024, adapted to the construction context.
Data were collected through energy audits, direct observations, financial statements, and ESG questionnaires.
Despite the limited sample, the two companies show a growing orientation towards sustainable practices,
particularly in energy efficiency, waste management, and the responsible use of water resources. The results
confirm that circularity can represent not only an environmental advantage, but also a strategic, replicable, and
measurable opportunity for innovation in the construction sector.
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1. Introduction

Circular economy is now one of the most relevant strategic pillars in the development of
sustainability policies and in the modification of production models in highly impactful sectors
from an environmental point of view. It revolves around a set of principles aimed at resource and
waste reduction, while at the same time elongating the life cycle of materials and products, and, in
the process, creating more value for the environment, economy, and society. The construction sector
is one of the priority areas for the application of circular approaches due to its contribution to the
global energy consumption, waste generation, and the emission of greenhouse gases. The
integration of practices such as reuse and recycling, modular construction, controlled resource use,
and carbon footprint reduction have the potential to greatly improve the environmental and social
performance of the entire life cycle of buildings and infrastructure.

There is still a growing interest in more sustainable construction models, however, the
technical and regulatory literature points out a lack of specific metrics capable of measuring
circularity in this sector with operational and standardized tools. The newly published technical
specification, UNI/TS 11820:2024, in this context, offers a refined methodological framework
along 71 indicators in the ‘core’, ‘specific’, and ‘rewarding’ categories to assess the circular
performance of organizations and products. Using this tool to real case scenarios allows to grasp
not only the quantification of Circularity Level (CL) but also scoring of the strengths and
weaknesses, thereby greatly aiding investment and management decisions.

In this research, a comparative analysis of two companies working in the construction
industry in Sicily, it taking different approaches to production and sustainability integration, will
be done in order to evaluate and contrast their ESG’s circularity performance using a tailored set of
indicators developed from UNI/TS 11820:2024, adjusted to the construction context.

2. Methodology

In terms of methodology, the analysis is subdivided into three main steps: definition of
boundaries and selection of relevant indicators, which is followed by data collection, verification,
and validation of the data; and, finally, data processing that includes circularity level estimation and
result visualization. In the first step, the indicators were based on the framework of reference
UNI/TS 11820:2024, which was used to set the range of relevant indicators. Out of the initial 71
indicators, which were organized into six macro-categories, namely: material and components
resources, energy and water resources, waste and emissions, product and service logistics, human
resources and governance, and infrastructure, as well as the governance of the construction sector,
only those with measurable relevance to construction were used.

All of the extracted “core” indicators were mandatory and, as the standards dictate, at least
50% of the “specific” indicators for each section covering “core” indicators must also be
incorporated. “Rewarding” indicators were only used when there was supporting documentation or
quantitative data available. Phase two focused on the acquisition of primary and secondary data
relevant to the activities of the particular company. Primary data were gathered by means of on-site
energy audits, which involved the collection of quantitative data regarding construction processes,
the production stage and technology used on industrial construction sites, as well as secondary data
obtained via technical interviews with managers and staff and completion of ESG” questionnaires.
Secondary data was based on company documentation (such as financial statements, procurement
data, reports for waste and environmental management, and environmental certifications) and data
from measurements conducted by the companies themselves.
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For the verification of flows of materials and their traceability, a mass balance approach was
used to quantify the measurable and documented estimates of inputs, transformations, waste, and
outputs. In the third phase, the Circularity Level (CL) was computed as proposed by the standard
UNI/TS 11820:2024, which involves summing the scores of the core, specific, and rewarding
indicators, each assigned a distinct weight. The analysis was guided by a circularity framework
where each macro-category was computed to ascribe the level of circularity to the company and to
also determine the areas of improvement and excellence on the company circularity overall. This
provided a basis for developing comparative tables and radar charts which, in turn, aligned with the
standard’s outlined principles providing an overall and succinct summary of the results for the
assessment. Such approach provided a means of combining standardized and regulatory
assessments with the operational and supply chain specificities of the construction sector.

3. Case study: Comparison between two companies in the construction sector

This case study focuses on two companies working on the similar projects in Sicily to show
two different approaches to the construction business. One is focused on green building while the
other specializes in traditional construction. The first company ALFA constructs timber buildings
using eco-friendly materials and employs modular construction and offsite fabrication while
ensuring energy efficient construction. The second company BETA is involved in traditional
construction and deals with the construction of timber buildings using reinforced concrete and other
materials. While ALFA has a centralized management approach, BETA has a decentralized
structure and focuses on public and private construction contracts with not much regard to efficient
resource usage. Such differences in management approaches directly affect the application of the
indicators specified in the IVU/TS 11820:2024. The outlined technical specifications consist of 71
indicators in three groups: core indicators which every organization has to fulfill; thematic
indicators which must be achieved at least 50% for each thematic group; and awarding indicators
which are optional for above and beyond action.

It’s worth noting that some indicators cannot be calculated for both companies: some
indicators are applicable to only one company, while for the other company those indicators must
be considered as not being met. This difference is not a constraint, it simply illustrates how the
standard is able to differentiate between more or less advanced circularity production models. For
ALFA, the “Material Resources and Components” category has particular relevance. The company
uses considerable amounts of FSC and PEFC certified wood, eco-bricks, and low-impact materials,
and modular and disassemblable construction solutions. For this reason, the comparative
assessment included indicators on the percentage of secondary or recycled materials, the share of
sustainably certified materials, and the modularity and disassemblable degree of components. These
indicators illustrate the contribution of green building to the reduction of environmental impacts
throughout the life cycle. In contrast to BETA, there is a lack or limited availability of data and
practices related to these very indicators, mostly due to the dominance of conventional materials
and absence of targeted environmental certifications.

For this particular company, the focus was on capturing and applying core indicators of the
energy consumed per unit of output, waste, and GHG processes which the standard defines and
mandates as fundamental. These indicators are not only easier to compute; they are also more suited
for identifying the gains that a ‘traditional’ company could achieve through the incremental
implementation of the circular economy. The indicator that relates to the energy and water resources
captured is applicable to both companies but with different outcomes. ALFA is integrated with
production systems that use renewable sources such as photovoltaic systems and employs
techniques to minimize water use in production. Therefore, ALFA can demonstrate a high
performance level in the indicators of the share of renewable energy and water consumed per
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production cycle. BETA will determine the same indicators with values that approximate zero for
renewable sources, and with a more coarse measure for water, demonstrating a sustainability gap.
Likewise, in the waste and emissions category, both companies have submittal data, but differing
in detail and accuracy.

In terms of adoption and tailoring of formalized waste management systems (MUD,
traceability), ALFA integrates recovery and reuse of by-products while BETA confines itself to less
detailed, compliant management, reflecting an intermediate level of adoption. This makes recovery
of waste and greenhouse gas emission calculations fundamental for comparison. Overall, categories
concerning logistics, product, and governance also show more heterogeneity. ALFA, with a short
supply chain and local suppliers, reinforced core and specific indicators (with even some rewarding
indicators) due to the environmental certifications for products and systems (ISO 9001, ISO 14001,
CasaClima). BETA, on the other hand, has an organization with a site management oriented
structure with personnel training directed primarily at safety and has no recognized environmental
certifications. The selection of comparison indicators was therefore guided by two main aspects:
from one hand, the necessity to include core indicators that provide direct and uniform comparison,
and from other hand, the opportunity to include specific and rewarding indicators where one of the
two companies fulfills the criteria, to illustrate the best practices and the level of innovation
achieved. This choice allows the production of a balanced comparative framework, which does not
excessively penalize less advanced companies but at the same time highlights the competitive
advantage of companies that have invested in more sustainable processes and materials. The next
section will present the results of the quantitative and qualitative comparison, showing how
differences in production and organizational models translate into measurable circularity values.

4. Results and discussion

The application of UNI/TS 11820:2024 to the two case studies allowed the construction of
a comparative indicator matrix, through which it was possible to measure and compare circularity
performance. As previously mentioned, the selection included all “core” indicators, more than 50%
of the “specific” indicators for each category, and a set of “rewarding” indicators chosen based on
relevance and data availability. This approach ensured compliance with the methodological
requirements of the standard while adapting to the analyzed construction context. Table 1 presents
a summary of the results obtained for each selected indicator, with values expressed on a normalized
scale from 0 to 1. A score of “1” corresponds to full compliance with the criterion, while a value of
“0” indicates a lack of evidence or non-application. Intermediate values were assigned in cases of
partial data or practices not fully consolidated.

In order to convey both qualitative and quantitative data in comparable figures, a
normalization operation on a 0-1 scale has been implemented, which complies with the
methodological guidelines of UNI/TS 11820. Each indicator has been judged not only from the
perspective of its mere existence but also on the level of implementation to a certain extent. The
highest score (1.0) was attributed in instances of total conformity and well-established
documentation; as the regular utilization of secondary or eco-certified materials by ALFA was the
reason that full points were achieved for those indicators concerned with raw materials. ALFA has
very efficient practices for energy consumption per unit of output, where energy audits and
prefabrication that is sustainable take place, however, due to the fact that the company has not
reached full self-sufficiency yet, the maximum score was not given. The value of between 0.8 and
0.9 was assigned in such cases when the company showed that the application was well-established
yet it was not complete. If some procedures related to energy and waste are in BETA, which meet
standards, but at the same time, due to the lack of advanced monitoring or structured reduction
strategies, the company, this is the way in which the indicators on energy and waste management
for BETA could receive scores in the range between 0.5 and 0.7.
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Table 1. Selected circularity indicators and normalized scores

Category Indicators Type ALFA BETA |
Raw materials % secondary/recycled materials Core 1.0 0.0
Raw materials % sustainably certified materials Specific 1.0 0.0
Raw materials Component modularity/disassemblability rewarding 1.0 0.0
Raw materials Component lifespan Specific 0.9 0.6
Energy Energy consumption for unit of output Core 0.8 0.6
Energy % energy from renewable sources Core 1.0 0.0
Energy/water Water consumption per production cycle Specific 0.8 0.0
Waste % recycled or reused waste Core 0.9 0.6
Waste Compliant waste management (MUD) Specific 1.0 0.3
Emissions CO: emissions for unit of output Specific 0.8 0.5
Logistics g_hort supply chain / Transport Rewarding 10 0.2
istance(km)

Product Product certification Core 1.0 0.0
Product After-sales service Specific 0.9 0.6
Product Design for disassembly Rewarding 1.0 0.0
Governance Formalized ESG policies Core 1.0 0.4
Governance Sustainability/safety training Specific 0.9 0.8
Governance System certifications (ISO/EMAS) Specific 1.0 0.0

Further, when the practice has existed only in a very limited way or as a mere legal
compliance measure without a real management approach to circularity, the score was given in the
range of 0.1-0.3. Besides, a 0.0 value was allowed only in cases in which there was no evidence at
all or the indicator was not applicable. For instance, BETA is the holder of such indicators referring
to FSC or PEFC certified materials, modular design, as well as the share of renewable energy, where
the implementation is the least possible. The use of this interpretative scale paved the way for a
straightforward comparison of the two companies.

It is not a subjective point, but rather, the way of expressing informational content which is
systematic and logical as per the guidelines of the standard. The clear representation of circularity
practices was made possible by this: On the one hand, a company like ALFA not only complies
with multiple core and specific indicators but also excels in rewarding indicators due to the
innovative design and material choice; on the other hand, BETA, a traditional company, obtains a
lower score showing that it has especially material and governance issues, but still, it retains the
possibility of progress that can be easily noticed in energy indicators and human resources
training.On top of the reported scores, the circularity level was calculated according to the UNI/TS
11820:2024 formula.

e ALFA: Sum of scores = 16/17 indicators =~ 94.1%
* BETA: Sum of scores =~ 4.6/17 indicators = 27.1%

There is a very large difference between the two companies: the first one gives the circularity
level that is more than three times higher than the second, which means that they are significantly
different in production and management models. The comparison at the category level allows one
to see the advantages and disadvantages that the two companies have. ALFA takes the lead in areas
such as materials, modular design, and certifications, which indicates the systematic
implementation of eco-building standards and the use of a sustainability framework. Rewarding
indicators, e.g., modularity and the design for disassembly, are the major elements that set this
company apart, demonstrating that it has not only incorporated the circular flow in the production
but also in design philosophy. Contrarily, BETA has the poorest results for almost all indicators.
Only energy and human resources training have a positive trend where the company has started the
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journey of the best practices. Still, the lack of environmental certifications, and the predominant
use of traditional materials, and combined with the absence of ESG formalized policies significantly
limit the overall performance of the company. The disparity, thus, should not be seen as a cause of
punishment of traditional companies but rather as a glimpse of the starting point and the extent of
possible movement. The UNI/TS 11820 application helps to identify the degree of difference
between the two groups, i.e., those that operate advanced models and the ones that are still in
transition, and thus, it provides a strong basis for decision-making in investments, strategies, and
innovation pathways.

5. Conclusions

The analysis conducted through the application of UNI/TS 11820:2024 made it possible to
assess and compare the circularity level of two companies operating in the construction sector,
representing different production models: one based on green building and the use of natural and
certified materials, and the other rooted in traditional construction and more oriented toward
managing conventional contracts. The results showed a significant gap, with a circularity level of
94.1% for ALFA and 27.1% for BETA. This outcome confirms that design choices, material
management, and the adoption of environmental certifications are key factors in enhancing
sustainability and circularity performance.

The comparison highlighted how green building, when supported by management and
technical practices consistent with circular economy principles, can achieve high performance
levels, above the industry average. Indicators such as the percentage of certified materials,
component modularity, the presence of renewable energy, and system certifications played a key
role in differentiating the two companies. Conversely, lower adoption of ESG policies, the absence
of recycled and certified materials, and reliance on conventional energy sources substantially
limited the performance of the company focused on conventional construction. However, the results
should not be interpreted solely as a static comparison but also as an indication of potential areas
for improvement. UNI/TS 11820 provides an operational roadmap that allows companies to identify
priority areas for action.

In the case of BETA, the progressive introduction of secondary materials, process
certification, and the establishment of formalized ESG policies represent concrete actions that could
significantly increase circularity levels in the medium term. For ALFA, the future challenge is to
consolidate its competitive advantage by further extending circular practices along the entire value
chain, for example by strengthening industrial symbiosis strategies and expanding post-sale
services focused on maintenance and reuse. From a broader perspective, this study demonstrates
the applicability and effectiveness of UNI/TS 11820:2024 in the construction sector. Despite the
sector’s intrinsic complexity, characterized by an articulated supply chain and strong reliance on
traditional materials, the standard allows for a quantitative, comparable, and communicable
assessment to both internal and external stakeholders.

The possibility of summarizing results into a single circularity indicator, the CL, represents
a useful tool both for companies, which can monitor their performance, and for public and private
decision-makers, who need reliable metrics to guide policies, incentives, and investment strategies.
Looking ahead, integrating UNI/TS 11820 with other regulations and the minimum environmental
criteria required at the European level could further enhance its function, promoting convergence
toward common standards for measuring sustainability. For the Italian and European construction
sector, this would not only mean complying with regulatory and market requirements but also
substantially contributing to the objectives of the European Green Deal and the decarbonization
commitments for 2030 and 2050.

The comparison between the two case studies highlights that the transition to more
sustainable construction models is not only an environmental necessity but also an opportunity for
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innovation, competitiveness, and resilience for companies in the sector. UNI/TS 11820:2024 proves
to be an operational tool capable of measuring, enhancing, and guiding this change. Looking at it
from a broader perspective, the study highlights that the UNI/TS 11820:2024 is a viable and
effective standard that can be implemented in the construction industry. The standard allows for a
guantitative, comparable, and communicable assessment to both internal and external stakeholders,
notwithstanding the sector's inherent complexity, which is made up of an articulated supply chain
and that is strongly reliant on traditional materials. The fact that results can be summarized in a
single circularity indicator, the CL, turns out to be a handy instrument both for companies that can
check their performance and for the public and private decision-makers who need trustworthy
meters to direct policies, incentives, and investment strategies.

Thinking about the future, harmonizing UNI/TS 11820 with other directives and the
minimum environmental criteria mandated at the European level could further extend its role, thus
facilitating convergence toward common sustainability measurement standards. For the Italian and
European construction sector, this, in turn, would translate not only into the fulfillment of regulatory
and market requirements but also into the progress of the European Green Deal objectives and the
decarbonization pledges for 2030 and 2050. To sum up, the linking between these two case studies
reflects that the switch to more sustainable construction models is a necessity from the
environmental perspective; however, it becomes an occasion for innovation, competitiveness, and
the capacity of recovery by companies in the sector as well. UNI/TS 11820:2024 is a manifestation
of an instrument that can operate, measure, and stimulate this transformation.
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