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The contribution of cultural heritage to circular
city-region development
• The concept of circular city defines a city/territory in which the 

circular economy (CE) model of sustainable production and 
consumption is applied, “closing the loops” of urban metabolisms in 
terms of flows of materials, water, energy and wastes. 

• Circular cities and regions are those in which no wastes and other 
negative environmental externalities are generated, while 
productivity is enhanced through wastes reuse, reduction of raw 
materials extraction, repair, refurbishment, etc. 

• A circular territorial system is that in which urban metabolisms are 
“closed”, enabling economic growth decoupled from resources 
consumption. 



The contribution of cultural heritage to circular
city-region development
• This enhanced ‘productivity’ should be seen as multidimensional, 

with relevant impacts on human and ecosystems health, and longer-
term economic growth (more independent from resources 
availability and prices volatility). 





The contribution of cultural heritage to circular
city-region development
• Cultural heritage (CH) regeneration and adaptive reuse can play a key 

role for the achievement of a circular city-region. It reduces soil 
consumption by re-generating existing buildings and sites with new 
functions, and valorises the embedded energy of constructions. 

• CH can have positive impacts on local economies, jobs and enhancing
attractiveness of cities for residents, visitors and enterprises. 

• It also generates positive social impacts enhancing quality of places, 
and thus quality of life and wellbeing / health, enhancing place 
attachment and care through its symbolic values, it contributes to 
local communities’ bonds and civic attitude. 



Aims of this work (ongoing research)

• This work develops a methodology for integrated urban metabolisms 
assessment that takes into account flows of materials, water, energy 
and wastes, but also social, cultural and economic flows to assess 
the contribution of cultural heritage regeneration and adaptive reuse 
to the realization of circular cities and regions. 

• A methodological proposal based on integration of multicriteria
analysis and urban metabolisms assessment to assess the 
contribution of cultural heritage adaptive reuse for circular urban-
regional development and to implement the human scale of local 
development (see the New Urban Agenda and New Urbanism 
Charter).



Urban Metabolism assessment methodologies

• Negative impacts of the current (linear) economic model determined 
on one side climate change effects, and on the other side social 
inequalities. 

• This obliges to identify a new economic model that is the economic 
model of nature: it is defined as the “circular economy”. 

• In this general perspective, it is necessary to research new evaluation 
methods to manage the transformations of the natural and built 
environment. 





Urban Metabolism assessment methodologies

• A way to assess the environmental performance of the city / region is 
the Urban Metabolism assessment, which includes different methods 
that have been explored since the 60s in the scientific literature. 



Urban Metabolism assessment methodologies

• Urban Metabolism (UM) is a concept developed since the 60s to 
summarize the ideas of modelling and assessing the environmental 
effects of urban activities (Wolman, 1965). In 2007, Kennerdy et al. 
(2007) defined the UM concept as: “the sum total of the technical 
and socioeconomic processes that occur in cities, resulting in growth, 
production of energy and elimination of waste”. 

• UM serves as a model of a system that combines anthropic activities 
occurring in cities (e.g. transport, energy consumption) and their 
related urban infrastructure (e.g. roads, buildings) – also beyond the 
city limits, including the regional systems and eventually the 
environmental impact of cities at global level.



Urban Metabolism assessment methodologies

• Many studies have developed and tested UM methodologies at city, 
region and global scale. A recent review of the literature conducted 
by Beloin-Saint-Pierre et al. (2017) analysed 150 scientific studies on 
UM, exploring the evolution of the concept and the differences 
between the methodologies applied.



Urban Metabolism assessment methodologies



Urban Metabolism assessment methodologies

The most commonly used methodologies for UM assessment can be 
referred to seven main typologies:

• 1. Flow analysis

• 2. Energy assessments

• 3. Footprints

• 4. Input/Output analysis

• 5. Network analysis

• 6. LCA Life-Cycle Assessment

• 7. Integrated (combination of previous methods)



Urban Metabolism assessment methodologies

In terms of output of the assessment methods, the urban systems can be analysed in terms 
of:

• Self-sufficiency (a concept that can be related to the circular economy), mostly through 
Environmental Network Analysis (ENA) method. It analyses the level of exchanges 
between different “nodes” (processes/components) of the urban system: higher 
interdependence between nodes makes the UM more self-sufficient;

• Flows of substances entering, moving and exiting the UM, using Input/Output from the 
Material Flow Analysis category of methods;

• Environmental impact of UM systems or their components – in this case, the flows 
between processes or components of a UM and their respective environmental 
interventions (e.g. resource extractions, emissions of pollutants) must be first defined, 
aggregated and then translated into potential impacts. With such modeling and analysis, 
the environmental performance of a UM is evaluated by comparing the impacts value 
across different development scenarios.

Source: Beloin-Saint-Pierre et al. (2017)



Urban Metabolism assessment methodologies

In terms of geographical scope, the UM is commonly assessed at three main scales:

• City

• City-region

• Global

In terms of temporal scope, the UM can be performed considering:

• Single year

• Time-series

The typical elements considered in a UM assessment are:

• Materials

• Energy

• Economics

• Processes



Urban Metabolism assessment methodologies

• Considering the above characteristics, a Life-Cycle perspective can be 
adopted to perform the UM assessment, considering the life-cycle of 
urban components, “from cradle to grave”: extraction, production, 
use, end-of-life. 



Urban Metabolism assessment methodologies

• This urban metabolism can be applied at the urban scale, but also at 
the regional level, as well as at the neighborhood and “building” 
scale. At the city-region system, as well as at the scale of a single 
building / site as an entrance point to realize the circular city.

• In the circular economy perspective of “closed urban metabolisms”, 
the Life-Cycle is considered as a closed process going “from cradle to 
cradle” – meaning the elimination of the “end-of-life” stage as far as 
possible, re-employing materials and energy, as well as economic 
resources, for new production-consumption processes, eliminating 
GHG emissions and wastes of all types.



Urban Metabolism assessment methodologies



Assessing the contribution of cultural heritage 
adaptive reuse to Circular/Closed Urban 
Metabolism 

The UM assessment framework proposed focuses on the role of cultural heritage / 
landscape for the enhancement of overall productivity of the urban system
(expressed in terms of multidimensional input-output ratio), and particularly 
focuses on the process of “adaptive reuse” as a contribution to ‘closed’ urban 
metabolisms.

To perform an assessment of the level of “achievement” of a closed urban 
metabolism, the “objectives” and thresholds need to be set. 

To this aim, three principles / objectives have been defined for the “ideal” cultural 
heritage adaptive reuse model:

• Auto-poietic capacity

• Generative capacity

• Symbiotic capacity



Assessing the contribution of cultural heritage 
adaptive reuse to Circular/Closed Urban 
Metabolism 
• The “auto-poietic” capacity is the fundament of circular economy: it 

expresses the self-regenerative character of nature that is founded on 
intrinsic ecosystemic values. It is explicitated as the capacity of self-
generating the environmental resources needed for its functioning, 
as well as the capacity of self-regenerating economic-financial self-
sustainability and also self-regenerating social-cultural values over 
time. 

• From this self-regenerative / autopoietic capacity stems the capacity 
of sustaining other components, and thus the generative capacity 
(the capacity of generating instrumental values).



Assessing the contribution of cultural heritage 
adaptive reuse to Circular/Closed Urban 
Metabolism 

• The “generative” capacity is expressed as the capacity of the cultural 
heritage adaptive reuse to generate new economic-financial and social 
resources in the local context, considering thus the economic spillovers
and social impacts generated through the adaptive reuse process. And also 
cultural impacts.

• The “symbiotic” capacity is expressed also in terms of symbiotic exchanges 
with the context. This concept can be better understood through a simple 
example: the same adaptive reuse project could have different 
performances if placed in different context.

• It guarantees the dynamic aspect of the above model. It includes also 
immaterial relationships between the site and the people (that perceive a 
sense of belonging, attachment, identity, etc) which determine the 
Heritage Community.





Assessing the contribution of cultural heritage 
adaptive reuse to Circular/Closed Urban 
Metabolism 

• To develop the overall UM assessment model, the inputs and outputs
need to be defined. In the case of cultural heritage, “material” inputs
should be considered (construction materials, energy, water, soil), but 
also “intangible” inputs such as cultural values and other intangible 
values to be conserved and enhanced through the adaptive reuse 
process.

• The attractiveness of a site strictly depends on the above 
characteristics.



Assessing the contribution of cultural heritage 
adaptive reuse to Circular/Closed Urban 
Metabolism 

• This theoretical “ideal” model becomes operational through the 
integration of Urban Metabolism assessment method based on Life-
Cycle Assessment (LCA) approach, integrated by a multi-criteria 
analysis to consider inputs and outputs, as well as impacts of the 
cultural heritage adaptive reuse process in multiple dimensions.



The Horizon 2020 «CLIC» project (2017-2020)

• Starting from the Horizon 2020 CLIC project first results, this work 
aims to structure a Circular Urban Metabolism assessment 
framework that focuses on the reuse of cultural heritage / landscape 
in cities and regions, assessing the contribution of cultural heritage / 
landscape “adaptive reuse” to the circular city-region model, 
considering multiple dimensions in which this contribution is 
expressed, and defining relevant criteria and indicators.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
• Best practices have been identified by building a Structural Equation 

Model (SEM) defined by a series of Manifest Variables (31 single 
“indicators” of circularity). 

• These Manifest Variables have been grouped into seven Latent 
Variables, which represent latent “concepts” underlying the overall 
circularity performance. 

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage 
adaptive reuse. Authors: Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 
Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
The Latent Variables (LV) and their associated Manifest Variables (MV) are the following:

“Exogenous” Latent Variables (which impact on Endogenous Latent Variables):

• Cultural value enhancement

• Management characteristics and self-sustainability 

“Endogenous” Latent Variables (which impact on Circularity performance):

• Closed metabolism realization at micro-level

• Landscape quality enhancement

• Social impact

• Economic spillover effects

Final Latent Variable (determined by the previous Latent Variables):

• Circularity performance

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
• Manifest Variables. The Manifest Variables were associated to the 

Latent Variables in a reflexive way considering the answers to the 31 
questions of the assessment on circularity, as well as one additional 
variable related to the “uses” section, considering the number of uses 
counted and classified in 5 groups (1-5 uses; 6-10 uses; 11-15 uses; 
16-20 uses; more than 20 uses). 

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV1 – Cultural value enhancement

• MV1.1 – Conservation of heritage values 

• MV1.2 – Awareness raise for circular economy

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV2 – Management characteristics and self-sustainability

• MV2.1 – Economically and financially self-sustainable

• MV2.2 – Generates revenue flows

• MV2.3 – Third sector involved

• MV2.4 – Different stakeholders involved

• MV2.5 – Profits are reinvested

• MV2.6 – Total number of uses (classified in 5 groups)

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV3 – Closed metabolism realization

• MV3.1 –Low energy consumption systems

• MV3.2 –Renewable energy sources

• MV3.3 –Water storage and reuse systems

• MV3.4 –Traditional / bio / reuse materials

• MV3.5 –Reduction of construction waste

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV4 – Landscape quality enhancement

• MV4.1 – Increase of green spaces

• MV4.2 – Quality of public spaces

• MV4.3 – Enhance safety in the area

• MV4.4 –Enhance landscape visual quality

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV5 – Social impact

• MV5.1 –Awareness raise for cultural heritage

• MV5.2 –Enhance place attachment

• MV5.3 –Enhance social cohesion

• MV5.4 –Enhance inclusion of marginalized groups

• MV5.5 –Enhance heritage community 

• MV5.6 –Enhance cultural activities 

• MV5.7 –Enhance people's wellbeing

• MV5.8 –Enhance people's health

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Assessment of «circularity» performance of 
126 adaptive reuse cases in Europe
LV6 – Economic spillover effects 

• MV6.1 – Enhance jobs creation

• MV6.2 – Attract innovative start-ups 

• MV6.3 – Attract creative industries

• MV6.4 – Attract new commercial activities 

• MV6.5 – Attract cultural visitors

• MV6.6 – Attract new residents

• MV6.7 – Increase real estate values

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Circularity structural model results

Consistency of the 
model: Internal 
consistency of the 
model has been 
verified 
(unidimensionality, 
monofactoriality)

Source: Horizon 2020 CLIC project - Deliverable  1.3 - Survey on best practices of cultural heritage adaptive reuse. Authors: 
Gravagnuolo A, Fusco Girard L, Vellecco I, Lauro N C. 2019. Section 3.2 Identification of Best Practices: a modelling-based approach.



Cross-loadings 
(Monofactorial
Manifest Variables)

Source: Horizon 2020 CLIC project -
Deliverable  1.3 - Survey on best 
practices of cultural heritage adaptive 
reuse. Authors: Gravagnuolo A, Fusco 
Girard L, Vellecco I, Lauro N C. 2019. 
Section 3.2 Identification of Best 
Practices: a modelling-based approach.



Circular Urban Metabolism assessment model 
proposal
The Circular/Closed Urban Metabolism assessment model starts from 
the results obtained through the SEM and takes into account three 
main elements:

• The Objectives of the Circular/Closed Urban Metabolism model: 
auto-poietic capacity, generative capacity and symbiotic capacity;

• The Life-Cycle stages: (1) extraction/production, (2) use, (3) end-of-
life vs. reuse;

• The Criteria (linked to attributes and indicators) represent the lens 
point of view though which the CHAR is evaluated.



Circular Urban Metabolism assessment model 
proposal
The circular adaptive 
reuse model aims at 
reducing 
environmental 
negative externalities, 
re-generating the 
cultural heritage 
through new use 
functions and 
updated 
environmentally 
efficient technologies 
over time 
(retrofitting).



Circular Urban Metabolism assessment model 
proposal
Multicriteria assessment matrixes can be built considering this theoretical model.



Circular Urban Metabolism assessment model 
proposal

• The alternatives are here considered as possible adaptive reuse 
projects based on the new uses / functions proposed. 

• It is here assumed that each alternative of use / function (or mix of 
uses/functions) contributes differently to the objectives of the 
Circular Urban Metabolism: auto-poietic capacity, generative capacity 
and symbiotic capacity. This means that each function / mix of 
functions should be assessed based on its contribution to these 
three objectives. 



First conclusions

• The adoption of the circular economy model in the cultural heritage 
adaptive reuse does not refer only to the reuse of materials, water, 
resources, energy, etc. and to the reduction of wastes. 

• It refers also to the transformation, as far as possible, of a “non-place” 
into a new attractive pole / “place”. This is in relation with the auto-
poietic ecosystem production having significant implications on evaluation 
tools, and in particular with the search of the human scale of the local 
development (New Urbanism Charter, New Urban Agenda). 

• The human scale is implemented through cultural heritage adaptive reuse 
transforming spaces into beautiful places for living, working, meeting and 
so on, interpreting the circular economic model in this way. 



First conclusions

• The Urban Metabolism (UM) assessment and Multi-Criteria Analysis 
(MCA), Multi-group, quantitative-qualitative analysis can be 
integrated to assess the contribution of cultural heritage adaptive 
reuse to the implementation of the circular city-region model. 

• The Circular Urban Metabolism assessment model proposed could 
represent a viable model to assess different adaptive reuse projects, 
considering their single, as well as synergic / systemic contribution
to the city-region productivity.
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