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a b s t r a c t 

The abandonment of industrial buildings, driven by global economic changes and deindustrialization, has 

led to a growing interest in their adaptive reuse as a strategy for sustainable regeneration. This paper 

explores how disused industrial heritage can be transformed from waste into a valuable resource, align- 

ing with circular economy principles. The main objective of the research is to propose an evaluation 

framework capable of assessing the multidimensional impacts (environmental, economic/financial, and 

socio-cultural) of adaptive reuse projects for industrial heritage across various project phases. 

To achieve this, a systematic literature review was conducted following PRISMA guidelines, identifying 

key criteria and indicators used in previous evaluations. The review highlighted the complexity of bal- 

ancing heritage conservation, community needs, and sustainability goals. While numerous studies pro- 

pose multicriteria evaluation frameworks, few explicitly address the circular economy perspective. In this 

context, the European Commission’s Level(s) tool (currently the only officially recognized framework for 

assessing building sustainability in a circular economy perspective) was selected as the basis for this re- 

search. 

The Level(s) tool was integrated and expanded to account for the unique characteristics of industrial 

heritage, including historical significance and socio-cultural values. The resulting evaluation framework 

consists of six thematic-areas, nine macro-objectives and a comprehensive set of 48 criteria and 100 + 

indicators. Indicators are categorized by evaluation phase (ex-ante, ongoing, ex-post) and lifecycle status 

(renovation activity, in-use, future adaptation potential), ensuring relevance across the building lifecycle. 

They also distinguish between impacts on the building/site itself and those on its urban context. 

The framework allows stakeholders, including designers, investors, policymakers, and communities, to 

evaluate the sustainability of adaptive reuse projects in a structured, transparent, and comparable way. It 

supports decision-making through multicriteria analysis and encourages stakeholder collaboration. More- 

over, it emphasizes the integration of qualitative and quantitative data and accommodates varying levels 

of technical expertise. 

This study provides a replicable, flexible, and interdisciplinary tool for evaluating the circular regeneration 

of industrial heritage. Future research will focus on applying this framework to real-world projects to 

validate and refine its components. 

© 2025 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY 

license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction and research aim 

The processes of deindustrialization and changing global eco- 

omic dynamics have led to the abandonment, degradation, and 
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ven demolition of many industrial structures. However, industrial 

eritage represents a unique testimony to the technological, eco- 

omic and social evolution of our society, comprising both tangible 

infrastructure and machinery) and intangible aspects (i.e. techni- 

al skills) [ 1 ]. 

Adaptive reuse (AR) [ 2 ] is recognized as the most suitable strat- 

gy for “giving new life” to abandoned industrial heritage [ 3 , 4 ]. 

t enables the conservation of historical and cultural values while 

ransforming heritage into resources aligned with contemporary 

ommunity needs [ 5 ], fostering sustainability. 
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This approach is consistent with circular economy principles 

 6 ], as it extends resource values, reduces waste, and supports 

heir use by future generations, in line with the UN’s sustainability 

oals [ 7 , 8 ]. The AR of industrial heritage represents a way to op-

rationalize circular economy principles in the built environment. 

he circular economy provides the overarching framework aimed 

t extending resource values and minimizing waste, while adaptive 

euse translates these principles into action by extending, for ex- 

mple, the life cycle of existing buildings and preserving their em- 

odied energy and cultural value. When effectively implemented, 

uch circular processes generate regenerative outcomes, producing 

ocial, cultural, and environmental benefits that contribute to more 

ustainable and inclusive urban regeneration. 

This research is primarily framed within the circular economy 

aradigm, which provides the methodological foundation of the 

roposed framework. The regenerative dimension is understood as 

he social and environmental outcome of circular processes applied 

o the adaptive reuse of industrial heritage. 

New uses have to respect industrial heritage significance, au- 

henticity, and integrity while addressing evolving community 

eeds [ 4 ]. Therefore, the reuse of abandoned industrial heritage 

s a complex issue linked to multiple values as well as to dif- 

erent needs/interests at stake [ 9 ]. It is necessary that decision- 

aking processes should be supported by multidimensional evalu- 

tion tools, able to capture multidimensional impacts [ 10 ]. 

This contribution aims to propose an evaluation framework for 

ssessing the multidimensional impacts of industrial heritage AR 

a strategy able to operationalize the circular economy model) at 

ifferent project phases and lifecycle status. After the introduction 

 Section 1 ), a systematic literature review on studies focused on 

ssessing industrial heritage AR has been carried out ( Section 2 ). 

hen the methodology for the development of the proposed evalu- 

tion framework is presented, based on the integration and adap- 

ation of the Level(s) tool by the European Commission ( Section 3 ). 

t is deeply detailed and discussed in Section 4 . Limitations of this 

tudy and possible further research steps are then stated in Sec- 

ion 5. 

. Materials and methods 

.1. Systematic literature review 

In order to investigate the different evaluation framework 

sed and developed in the scientific literature, this study adopts 

he ‘Preferred Reporting Items for Systematic Reviews and Meta- 

nalyses’ (PRISMA) guidelines, using four steps: identification, 

creening, eligibility and inclusion [ 11 ]. 

It was conducted on Scopus and Web of Science databases 

 Fig. 1 ), considering the following keywords and Boolean operators: 

ndustrial heritage AND adaptive reuse AND evaluation OR assess- 

ent OR valuation. The research was carried out among “article ti- 

le”, “abstract” and “keywords”. This first step resulted in 167 doc- 

ments. After removing 20 duplicates between the two database, 

47 papers remained. Applying a time filter from 2015 (start of 

genda 2030) reduced them to 138. 

Papers were selected among all the subject areas excluding 

he following: medicine, computer science, mathematics, chem- 

stry, physics and astronomy, pharmacology, toxicology and phar- 

aceutics, chemical engineering, agricultural and biological sci- 

nces, earth and planetary sciences. This resulted in 103 papers. 

Filtering for English reduced them to 101, and selecting only 

nal-stage publications brought the count to 97, becoming 91 ex- 

luding then some “source title” (papers in the International Jour- 

al of Building Pathology And Adaptation, Automation In Construc- 

ion, Art Inquiry). These were reviewed in full-text for eligibility. 
208
fter full-text analysis, 26 of the original 167 papers were selected 

or final evaluation (inclusion step). 

.2. Literature review on evaluation tools for industrial heritage 

daptive reuse 

Abandoned industrial heritage is both a challenge and oppor- 

unity. Its AR bridges cultural preservation and sustainable urban 

egeneration. Researchers propose different methodologies to eval- 

ate reuse projects balancing heritage values and contemporary 

eeds in the conservation vs. development conflict. 

Authenticity and conservation principles are fundamental in 

aintaining historical integrity as also Xiong et al. [ 12 ] high- 

ighted. They propose a guiding pathway for reusing industrial her- 

tage that prioritizes authenticity, through principles like minimal 

ntervention, interpretability, prevention, subsidiarity, and intertex- 

uality. Han and Zhang [ 13 ]. elaborate a global review of industrial 

eritage reuse research from 2017 to 2022 identifying emerging 

rends, such as interdisciplinary work, sustainability, cultural value, 

nd community involvement. Zheng et al. [ 14 ] introduce a weight- 

ng point method to assess cultural expression, helping (through a 

uantitative evaluation method) identify strengths/weaknesses of 

ndustrial heritage reuse and enhancing public-heritage connec- 

ions. Furthermore, Nocca et al . [ 15 ] propose a multidimensional 

pproach valuing both tangible and intangible aspects, focusing on 

he “intrinsic value”, intended as the “in and of itself” value linked 

o the spirit of place. It is separated from instrumental values and 

lays a key role in orienting choices in this kind of project. The 

omplexity characterizing the AR of abandoned industrial heritage 

s stressed by Della Spina et al. and Bottero et al. [ 16 , 17 ] that

se multicriteria tools (A’WOT, PROMETHEE) to rank and assess AR 

trategies, to optimize resources allocation and reach paramount in 

he trade-off between preserving symbolic values and adapting to 

ew economically viable uses. Also Yasemin and Edis [ 18 ] high- 

ight the multidimensionality characterizing the AR of industrial 

eritage, elaborating a dataset of reuse strategies and related out- 

omes as guide for choosing a new function and intervention. 

Vardopoulos et al. [ 19 ] propose an integrated SWOT-PESTLE- 

HP model to evaluate sustainability, addressing social, environ- 

ental, technical, economic, legal, and political dimensions, and 

lso ensuring stakeholder input. Similarly, Liu et al. [ 20 ] use AHP 

o assess industrial ruins based on different criteria such as space 

afety, investment, cultural, ecological, and social value. 

The coexistence of different objectives, constraints, needs, in- 

erests and values at stake in the AR process is emphasized also by 

iuliani et al. They conduct a sensitivity analysis to assess stake- 

older influence on decision-making, emphasizing the importance 

f involving diverse stakeholders to ensure balanced and well- 

nformed decisions. The stakeholder map helps identify different 

oints of views. Song et al . [ 21 ] use social network analysis to face

patial challenges in converting industrial sites into public spaces, 

uggesting indicators and strategies for functional zoning and spa- 

ial organization. 

User satisfaction and functional adaptability are key aspects in 

any studies. Meng et al. [ 22 ] develop a framework to assess 

ser satisfaction with the spatial repurposing of industrial her- 

tage, across six dimensions: functional replacement, transporta- 

ion accessibility, carrying capacity, public space, boundary form, 

nd recognition of value. Similarly, Madani et al. [ 23 ], by exploring 

ser preferences, emphasize environment, technology and energy, 

esthetics and sociocultural criteria in designing innovation centers 

n industrial heritage. Zheng et al. [ 14 ] integrate Maslow’s Hier- 

rchy of Needs into architectural assessments, demonstrating the 

mportance of aligning designs with user requirements. They em- 

hasize the importance of addressing both basic and higher-level 

uman needs in architectural spaces. 
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Fig. 1. PRISMA flowchart. 
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Han et al. [ 13 ] investigate tourist satisfaction using five crite- 

ia, finding that better environmental quality significantly enhances 

isitor experiences. The semantic differential method shows high 

atisfaction with spatial, socio-cultural, landscape, and greening el- 

ments, but low satisfaction with facilities and transport. 

Case studies provide empirical insights into the socio-economic 

nd cultural impacts of AR. Huang et al. [ 24 ] apply Structural 

quation Modeling (SEM) and Importance-Performance Analysis 

IPA) to evaluate user satisfaction with industrial heritage renewal, 

ocusing on Dongguan Jianyuzhou Park. Their findings highlight 

hat the historical and cultural factors boost satisfaction more than 

nvironmental or economic ones. Farashah [ 25 ] explores Yazd’s 

extile heritage, highlighting its economic and social benefits and 

tating that multiple buildings can aid restoration phasing. Var- 

opoulos [ 19 ] examines industrial-to-museum conversions, high- 

ighting the lack of ex-post evaluation and revealing positive ef- 

ects of industrial AR on sustainability, cultural enrichment, and 

rban revitalization. Vizzarri et al. (2020 ) [ 26 ] propose a holis- 

ic framework for projects selection in AR, focusing on integrating 
209
angible and intangible values, using an O-AHP-based index com- 

ining quantitative and qualitative data. Cimadomo and Varag- 

oli [ 27 ] further emphasize the role of education and research 

n aligning industrial heritage rehabilitation with sustainability 

nd modern technological integration. In Turkey, Dedekarginoğlu 

 28 ], through the regeneration project of Ankara’s CerMod- 

rn art gallery, illustrates the potential of industrial spaces to 

erve contemporary cultural functions while preserving historical 

emory. 

Key drivers as central for success like participation, top- 

own/bottom-up, genius loci are stressed by Pulles et al. [ 29 ] 

tarting from the analysis of regeneration strategies across Europe 

nd Asia. They find that AR strategies aligned with genius loci and 

nvolving multiple drivers get better evaluations than top-down 

nes. Their findings align with Gharaati et al. [ 30 ], who evalu- 

te 12 Iranian industrial heritage sites using 7 indexes and 20 sus- 

ainability indicators derived from international charters, stressing 

he importance of community participation and mixed-use devel- 

pment. 
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Finally, technical and contextual challenges are explored in 

epth. Xu and Aoki [ 31 ] examine China’s industrial heritage con- 

ervation systems, categorizing its values into physical, human, 

atural, and cultural capital, while Walczak [ 32 ] investigates the 

ransformation of post-industrial buildings in Łódź from a conser- 

ation perspective. Both studies underline the need for context- 

ensitive approaches that consider industrial heritage’s unique ar- 

hitectural and material features. 

The scientific literature confirms that industrial heritage AR is a 

omplex issue, demanding balance between preservation, current 

eeds, different values and stakeholder involvement. 

Recent European research initiatives further reinforce the rel- 

vance of circular models in heritage adaptive reuse. In partic- 

lar, the HORIZON2020 CLIC (Circular models Leveraging Invest- 

ents in Cultural heritage adaptive reuse) [ 33 ] and OpenHeritage 

 34 ] projects have demonstrated how heritage-led reuse can oper- 

tionalize circular principles through innovative governance, busi- 

ess, financial and community-based models. Their findings en- 

ourage and support the multidimensional approach for addressing 

eritage adaptive reuse, highlighting its importance as a driver for 

ultidimensional sustainability. 

However, the scientific literature reveals partial approaches, of- 

en limited to a single dimension (environmental, economic, or 

ocio-cultural), lacking the systemic and circular integration. Recur- 

ing themes include the need for robust decision-making frame- 

orks, the role of user/community satisfaction, conservation of 

ultural historical values while changing uses, and the growing em- 

hasis on environmental impact. These papers, together, emphasize 

he importance of interdisciplinary approaches and public engage- 

ent, while few contributions address AR from a circular economy 

erspective. 

.3. Level(s) tool by European Commission 

To date, the only officially recognized tool for assessing projects 

n the circular economy perspective is the Level(s) tool [ 35 , 36 ]. It

as been developed by the European Commission (EC) in 2018 to 

uide the construction sector towards greater sustainability, pro- 

iding a common reference framework to evaluate the environ- 

ental, social, and economic performance of buildings throughout 

heir entire life cycle, promoting the principles of the circular econ- 

my. This is a voluntary framework aimed at designers, builders, 

evelopers, and policymakers, with the goal of improving sus- 

ainable practices aligned with EU initiatives (e.g. European Green 

eal, Circular Economy Action Plan, New European Bauhaus). The 

rimary purpose is to support the transition towards more sustain- 

ble buildings that efficiently use natural resources, reduce their 

arbon emissions, and enhance the quality of life for occupants. 

t also aims to make decision-making processes more transparent 

nd facilitate the monitoring of progress towards sustainability ob- 

ectives. 

As the name of the tool itself suggests, Level(s) is organized into 

evels, corresponding to different degrees of design depth and, con- 

equently, of evaluation ( www.green-forum.ec.europa.eu ): 

− Level 1 – Conceptual Design. This stage focuses on qualitative 

evaluation and selecting sustainability indicators. The frame- 

work helps communicate key concepts to clients, allowing early 

identification and prioritization of sustainability goals. 

− Level 2 – Detailed Design and Construction. This phase involves 

quantitative analysis to assess design performance, compare al- 

ternatives, and monitor construction using standardized met- 

rics. 

− Level 3 – As-Built and Operational Performance. The final stage 

assesses construction and early building performance, offering 
insights to refine strategies and inform future projects. a

210
The three levels indicate a progression in the precision and re- 

iability of conducting a performance assessment, as well as the 

egree of professional expertise and skill needed to apply each 

evel. This structure allows for the assessment of a building’s im- 

act throughout its entire life cycle. This is fundamental for reduc- 

ng negative impacts from construction sectors considering build- 

ngs are responsible for 1/2 of all extracted materials, 1/2 of total 

nergy consumption, 1/3 of water consumption, 1/3 of waste gen- 

ration ( www.environment.ec.europa.eu ). 

Level(s) is structured around three main thematic-areas: 

− environmental performances of life cycle; 

− health and comfort; 

− cost, value and risk. 

They are divided, in turn, into macro-objectives that provide an 

verall view of the impacts that address key sustainability aspects 

ver the building life cycle: 

− greenhouse gas and air pollutant emissions along a building’s 

life cycle (thematic-area 1) 

− resource efficient and circular material life cycles (thematic- 

area 1) 

− efficient use of water resources (thematic-area 1) 

− healthy and comfortable spaces (thematic-area 2) 

− adaptation and resilience to climate change (thematic-area 3) 

− optimised life cycle cost and value (thematic-area 3) 

These objectives can be monitored through sixteen indicators, 

hich illustrate how a building’s performance can align with EU 

olicy goals in areas. 

Designed for residential/commercial use, Level(s) needs to be 

ntegrated in order to be tailored for the evaluation of heritage 

euse, particularly industrial heritage. 

The Level(s) framework is a valuable starting point for assess- 

ng the performance of AR projects due to its structured, lifecycle- 

ased methodology. However, its focus does not fully capture 

he complexity of heritage AR. These kinds of projects require a 

roader evaluation scope, addressing environmental sustainability 

ut also cultural significance, socio-economic impacts, and com- 

unity integration. To bridge this gap, this study proposes an eval- 

ation framework to ensure a holistic assessment that aligns with 

he challenges and opportunities of industrial heritage AR, balanc- 

ng conservation and development, to identify a new equilibrium 

 37 ]. 

.4. Methodology 

This study aims to elaborate an evaluation framework for as- 

essing the multidimensional (economic/financial, socio-cultural, 

nvironmental) impacts of AR projects of industrial heritage in the 

ircular economy perspective, covering both buildings and their 

urroundings. The starting point is the Level(s) tool, the only one 

o date generally recognized for evaluating projects from a circu- 

ar economy perspective. This tool is intended for the evaluation of 

rojects that are not characterized by historical and cultural val- 

es. This study therefore intends to integrate and adapt this tool 

o industrial heritage AR characterized by particular historical and 

ultural values and with particular reference to decommissioned 

ndustrial heritage. 

The proposed framework keeps the Level(s) structure of 

hematic-areas, objectives, and indicators, adding also evaluation 

riteria ( Fig. 2 ). So, additionally to the Level(s) tool, the indicators 

re grouped into criteria. Furthermore, the indicators are also cat- 

gorized by project phase ( ex-ante, ongoing, ex-post ) and lifecycle 

tatus ( renovation, in use, future adaptation ). They are explained fur- 

her below. Unlike the Level(s) tool, it addresses both the building 

nd its surrounding. 

http://www.green-forum.ec.europa.eu
http://www.environment.ec.europa.eu
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Fig. 2. The structure of the proposed evaluation framework. 

Fig. 3. Evaluation framework for industrial heritage adaptive reuse projects. 

Table 1 

Evaluation framework – six thematic-areas and their description. 

No. THEMATIC-AREA DESCRIPTION 

1 Environmental performances of life cycle Assessing and improving the environmental performance of reused buildings/sites throughout their entire 

life cycle, from design and construction to use and end-of-life. 

2 Health and comfort and wellbeing Enhancing indoor (but also outdoor) environmental quality and wellbeing of the community. 

3 Cost, value and risk Optimize financial performance and resilience of buildings/sites throughout their lifecycle. 

4 Social capital and value Enhance the social impacts and community benefits linked to the reused buildings/sites throughout their 

lifecycle. 

5 Cultural capital and value Preserve, enhance and hand down the cultural significance and heritage value of the reused 

buildings/sites throughout their lifecycle. Both tangible and intangible values are considered. 

6 State of conservation and use value Maintain and enhance the condition and functional durability of the reused buildings/sites. 
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The three thematic-areas of Level(s) expand to six, as proposed 

y Nocca et al. (2021) [ 15 ] for cultural heritage in general, and they

re further refined and detailed to be more specifically tailored to 

isused industrial heritage characterized by cultural and historical 

alues ( Fig. 3 ). 

Each thematic-area identifies specific aspects/issues to be mon- 

tored, evaluated and improved, linking them to key indicators that 

llow the macro-objectives to be translated into concrete and mea- 

urable actions. The proposed six thematic-areas are described in 

able 1 . They cover all sustainability dimensions (environmental, 

nancial/economic, social, cultural), including objective and subjec- 

ive factors. 
211
Specifically, the first three thematic-areas come from Level(s) 

ool, while thematic-areas 4, 5, 6 extend it to cover also social 

nd cultural dimensions. The third thematic-area (inherited from 

he EC) has been integrated with the aspect related to “wellbe- 

ng”, expanding its focus to encompass health conditions but also 

 broader perception of overall indoor and outdoor quality of life. 

Each thematic-area is associated with one or more macro- 

bjectives, which define the key goals to be achieved within that 

hematic scope. These objectives represent the main strategic pri- 

rities for enhancing the performance of buildings throughout 

heir lifecycle. The detailed listing and description of these macro- 

bjectives are provided in Table 2 below. 
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Table 2 

Evaluation framework – nine macro-objectives and their description. 

MACRO-OBJECTIVE DESCRIPTION 

Macro-objective 1 (thematic-area 1) 

Greenhouse gas and air pollutant emissions along a 

building’s life cycle 

To minimise the total greenhouse gas emissions along a building’s life cycle, from cradle to grave, 

with a focus on emissions from building operational energy use and embodied energy. 

Macro-objective 2 (thematic-area 1) 

Resource efficient and circular material life cycles 

To optimise the building design, engineering and form in order to support lean and circular flows, 

extend long-term material utility and reduce significant environmental impacts. 

Macro-objective 3 (thematic-area 1) 

Efficient use of water resources 

To make efficient use of water resources, particularly in areas of identified long-term or projected 

water stress. 

Macro-objective 4 (thematic-area 2) 

Healthy and comfortable spaces 

To construct buildings/sites that are comfortable, attractive and productive to live and work in , and 

which protect human health. 

Macro-objective 5(thematic-area 3) 

Adaptation and resilience to climate change 

To protect building performance against projected future changes in the climate , in order to protect 

occupier health/wellbeing and comfort and to minimise long-term risks to property values and 

investments . 

Macro-objective 6 (thematic-area 3) 

Optimised life cycle cost and value 

To optimise the life cycle cost and value of buildings to reflect the potential for long- term 

performance improvement, inclusive of acquisition, operation, maintenance, refurbishment, 

disposal and end of life. 

Macro-objective 7 (thematic-area 4) 

Generating and regenerating social capital 

To foster inclusiveness and strong community networks and enhancing trust, cooperation and 

collaboration among people. 

Macro-objective 8 (thematic-area 5) 

Generating and regenerating cultural capital 

To foster the production and sharing of knowledge , thereby enhancing the cultural, historic, intrinsic 

values of cultural heritage within the community. To preserve cultural, historic and intrinsic values of 

industrial heritage in order to hand down them also to future generations. 

Macro-objective 9 (thematic-area 6) 

Enhancing state of conservation and prolonging the 

use value of the building/site 

To ensure cultural heritage/site preservation and their functionality for present and future 

generations. 
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Furthermore, for each macro-objective, criteria and indicators 

with corresponding ID and unit of measure) are identified to mon- 

tor and evaluate the achievement (or not) of the macro-objectives 

ithin their respective thematic-areas ( Table 3 ). The 48 criteria de- 

ne the specific aspects to be evaluated and monitored in order 

o assess the achievement of the related macro-objective. The in- 

icators have been assigned to each criterion based on their di- 

ect relevance to the specific sustainability factor being assessed. 

eanwhile, indicators that are similar, complementary or closely 

elated have been grouped together to provide a more compre- 

ensive assessment. This approach allows for a holistic evalua- 

ion of each sustainability dimension, avoiding fragmentation and 

edundancy in the analysis. By grouping related indicators under 

he same criterion, data analysis becomes more straightforward, 

llowing for clearer interpretation of results and more informed 

ecision-making. 

The indicator ID is structured to include the thematic-area 

umber, the corresponding macro-objective, the related criterion, 

nd a sequential indicator number. Criteria represent a new cate- 

ory of the evaluation framework compared to the Level(s) struc- 

ure. Many indicators can refer to more than one macro-objective. 

hey have been included in the macro-objective considered most 

onsistent and relevant to the indicator. 

For each indicator, the evaluation phase - ex-ante, ongoing, or 

x-post - is specified. Not all indicators are applicable across all 

hases, as their relevance and utility depend on the project’s tem- 

oral and operational context. During the ex-ante phase, focused 

n predicting project impacts, the design level is also considered. 

his approach aligns with the level-based structure promoted by 

he EC, which stages projects through progressive level of detail. 

As aforementioned, the indicators are also categorized based on 

ifecycle status: renovation activity, in use, future adaptation poten- 

ial . The renovation activity category refers to the phase of inter- 

ention and physical transformation of the site or building. It en- 

ompasses all activities related to modifying the building/site to 

dapt it for new uses. The in use category pertains to the phase 

n which the building has already been adapted and is actively be- 

ng utilized, focusing on assessing the project’s performance dur- 

ng its operational stage. Finally, the future adaptation potential cat- 

gory involves anticipating how the site or building might evolve 

n the future. This can include potential modifications or improve- 

ents linked to future regulatory changes, evolving community 
212
eeds, technological advancements, or shifts in usage trends. These 

ategories evaluate opportunities for continuous adaptation or po- 

ential future interventions in a long-term perspective, in order to 

rolong the use value according to the circular economy principles. 

The categorization into ex-ante, ongoing , or ex-post phases is 

nchored in a temporal perspective, while the classification into 

enovation activity, in use, future adaptation potential focuses on 

he building/site’s life cycle. However, the two classifications are 

losely related and, in some stages, overlap ( Fig. 4 ). 

The indicators were deduced both from the literature review 

nd from critical considerations; in some cases, they were adopted 

irectly as found in the sources, while in others they were rein- 

erpreted or reformulated by the authors to better fit the specific 

valuative framework. In particular, indicators marked as “Authors’ 

laboration” have been developed by the authors through synthe- 

is of methodologies drawn from Level(s) and scientific literature 

n industrial heritage evaluation. A reference to the main relevant 

ources has been added in the corresponding column of the table. 

As shown in Table 3 , some indicators need specialized exper- 

ise, while others rely on common knowledge and allow com- 

unity engagement. Some are complex and require specific dis- 

iplinary skills. 

The unit of measure may vary depending on whether we are 

valuating scenarios at Level 1, 2, or 3. However, to facilitate com- 

arisons across the ex-ante, ongoing, and ex-post phases, it is im- 

ortant to identify a common unit of measure that can be applied 

o all three (if possible). 

The indicators from the EC are marked with an asterisk in 

he evaluation framework. The remaining indicators, as aforemen- 

ioned, have been derived from the comprehensive scientific lit- 

rature review, while some of them have been developed by the 

uthors based on a critical analysis of this literature. 

. Discussion 

Adapting the Level(s) framework for abandoned industrial her- 

tage requires expanding its thematic-areas, macro-objectives, cri- 

eria, and indicators. These include aspects such as the recovery of 

xisting materials, the preservation of historical memory, the so- 

ial management of urban transformation, and integration into the 

urrounding urban context. The proposed structure of thematic ar- 

as ensures the comprehensive inclusion of all values characteriz- 
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Table 3 

The overall evaluation framework. 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

1. Environmental 

performances of 

life cycle 

Macro-objective 

1: Greenhouse 

gas and air 

pollutant 

emissions along a 

building’s life 

cycle 

a.ENERGY EFFICIENCY 1.1.a.1 Use stage energy performance∗ Kilowatt hours per square 

meter per year 

(kWh/sqm/yr) 

[ 38 ] ● ● ● ● ●

1.1.a.2 Life cycle Global Warming 

Potential∗
kg CO2 equivalents per 

square meter per year (kg 

CO2 eq./sqm/yr) 

[ 38 ] ● ● ● ● ● ● ●

1.1.a.3 Annual embodied energy saved per 

square meter of reused space 

kWh/sqm/yr [ 33 , 41 , 42 ] ● ● ● ● ●

1.1.a.4 Adopted energy efficient measures No. 

or Binary (Yes/Not) 

or checklist 

[ 20 , 54 ] ● ● ● ● ● ● ●

1.1.a.5 Amount of GHG emissions per year 

(for the different pollutant 

typologies: CO2, Pm10, Pm5, 

Pm,2.5, etc.) 

kg CO2 eq. per year 

(linked to 1.1.a.2) 

[ 41 ] ● ● ● ● ● ● ● ●

b.ENERGY 

PRODUCTION 

1.1.b.1 Annual amount of energy 

self-produced 

kilowatt hours per square 

meter per year (kWh/ 

sqm /yr) 

or % 

Authors’ 

elaboration 

● ● ● ● ●

c.CLEAN ENERGY 

CONSUMPTION 

1.1.c.1 Annual amount of energy 

consumed coming from renewable 

energy sources 

kilowatt hours per square 

meter per year (kWh/sqm 

/yr) 

or % 

[ 9 ] ● ● ● ● ●

Macro-objective 

2: Resource 

efficient and 

circular material 

life cycles 

a. MATERIAL USE 1.2.a.1 Bill of quantities, materials and 

lifespans∗
Unit quantities, mass and 

years 

[ 43 ] ● ● ● ● ● ●

b. WASTE 

PRODUCTION 

1.2.b.1 Construction and demolition waste 

and materials∗
kg of waste and materials 

per sqm total useful floor 

area 

[ 43 ] ● ● ● ● ● ●

c. ADAPTABILITY 1.2.c.1 Design for adaptability and 

renovation∗
Adaptability score [ 43 ] ● ● ● ● ● ●

d.MATERIAL REUSE 1.2.d.1 Design for deconstruction, reuse 

and recycling∗
Deconstruction score (by 

European Commission 

[ 43 ]) 

[ 43 ] ● ● ● ● ● ●

1.2.d.2 Amount of demolished material 

reused on site 

Kg Authors’ 

elaboration 

● ● ● ● ● ●

1.2.d.3 Amount of recycled material used 

in the construction process 

Kg Authors’ 

elaboration 

● ● ● ● ● ●

e.MATERIAL 

DURABILITY 

1.2.e.1 Number of years until first major 

repair 

No. Authors’ 

elaboration 

● ●

1.2.e.2 Material lifespan in years No. of year [ 45 ] ● ●
f.WASTE PRODUCTION 1.2.f.1 Percentage of waste recycled or 

reused during construction phase 

% in a year Authors’ 

elaboration 

● ● ● ● ●

1.2.f.2 Percentage of waste recycled or 

reused in maintenance process 

% in a year Authors’ 

elaboration 

● ●

1.2.f.3 Percentage of waste recycled or 

reused coming from activities 

taking place at the building/site 

% in a year Authors’ 

elaboration 

● ●

g.GREENERY AND 

NATURE-BASED 

SOLUTIONS 

1.2.g.1 Number of adopted nature-based 

solutions 

No. in a year [ 33 ] ● ● ● ● ● ● ●

1.2.g.2 Percentage of surface of green area 

on the total surface 

% [ 9 , 13 ] ● ● ● ● ● ●

( continued on next page ) 
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Table 3 ( continued ) 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

Macro-objective 

3: Efficient use of 

water resources 

a.WATER 

CONSUMPTION 

1.3.a.1 Use stage water consumption∗ m3 /yr of water per 

occupant 

[ 46 ] ● ●

b.WATER EFFICIENCY 1.3.b.1 Presence of water reuse systems Binary (Yes/Not) [ 20 , 33 ] ● ● ● ● ● ● ●
1.3.b.2 Annually percentage of water 

coming from in-site reused water 

processes 

% per year Authors’ 

elaboration 

● ● ● ● ●

1.3.b.3 Annually amount of water supply 

from outside on the total water 

amount required 

% Authors’ 

elaboration 

● ● ● ● ●

2. Health and 

comfort and 

wellbeing 

Macro-objective 

4: 

Healthy and 

comfortable 

spaces 

a.AIR QUALITY 

COMFORT 

2.4.a.1 Indoor air quality∗ Ventilation rate (air flow) 

CO2 

Particulates 

Relative humidity 

[ 19 , 23 , 47 , 56 ] ● ● ● ● ●

b.THERMAL COMFORT 2.4.b.1 Time outside of thermal comfort 

range∗
% of the time out of range 

during the heating and 

cooling seasons 

[ 47 ] ● ●

2.4.b.2 Percentage of people declaring to be 

in thermal comfort (indoor/outdoor 

depending on whether it relates to 

the building or the site) 

Percentage of interviewees 

declaring to be in thermal 

comfort during a 

reference period 

[ 15 , 22 , 23 ] ● ●

c.LIGHT COMFORT 2.4.c.1 Lighting and visual comfort∗ Level 1 checklist (by 

European Commission 

[ 47 ]) or Useful Daylight 

Illuminance (UDI) 

[ 47 ] ● ● ● ● ●

2.4.c.2 Percentage of people declaring to 

be in light comfort during a 

reference period 

% [ 22 ] ● ●

2.4.c.3 Ratio of transparent surface area to 

usable floor area 

% Authors’ 

elaboration 

● ● ● ● ● ●

d.ACOUSTIC COMFORT 2.4.d.1 Acoustics and protection against 

noise∗
Level 1 checklist (by 

European 

Commission[ 47 ]) 

[ 47 ] ● ● ● ● ● ●

2.4.d.2 Percentage of people declaring to 

be in acoustic comfort indoor 

% [ 22 ] ● ●

2.4.d.3 Percentage of people declaring to 

be in acoustic comfort outdoor 

% [ 22 ] ● ●

e.COMMUNITY 

SATISFACTION 

2.4.e.5 Level of the capacity of the reused 

industrial heritage to meet needs/ 

requirement of the local community 

Likert scale [ 30 ] ● ● ● ● ●

f.SAFET Y/SECURIT Y 2.4.f.6 Percentage of citizens feeling safe in 

the site and its surrounding 

% [ 14 , 33 ] ● ● ● ● ●

g.LAND 

RECLAMATION 

2.4.g.7 Minimum amount of reclaimed land 

required to activate the reuse 

process 

Sqm Authors’ 

elaboration 

● ● ● ●

2.4.g.8 Amount of reclaimed land Sqm Authors’ 

elaboration 

● ● ●

( continued on next page ) 
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Table 3 ( continued ) 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

3. Cost, value and 

risk 

Macro-objective 

5: 

Adaptation and 

resilience to 

climate change 

a.COMMUNITY 

VULNERABILITY 

3.5.a.1 Protection of occupier health and 

thermal comfort∗
Projected % time out of 

range in the years 2030 

and 2050 

[ 23 , 49 ] ● ● ● ● ●

3.5.a.2 Increased risk of extreme weather 

events∗
Checklist (by European 

Commission [ 49 ]) 

[ 49 ] ● ● ● ● ● ●

3.5.a.3 Increased risk of flood events∗ Checklist (by European 

Commission [ 49 ]) 

[ 49 ] ● ● ● ● ● ●

Macro-objective 

6: Optimised life 

cycle cost and 

value 

a.FINANCIAL 

SUSTAINABILITY 

3.6.a.1 Life cycle costs∗ Euros per square meter 

per year ( €/ sqm/yr) 

[ 51 ] ● ● ● ● ● ●

3.6.a.2 Value creation and risk factors∗ Checklist (by European 

Commission [ 51 ]) 

[ 51 ] ● ● ● ● ● ●

3.6.a.3 Cost of project implementation € [ 5 , 20 ] ● ● ● ● ● ●
3.6.a.4 Annual costs required for 

maintaining the reused industrial 

heritage 

€ per year [ 9 ] ● ● ● ● ● ●

3.6.a.5 Annual operating costs associated 

with activities provided through the 

reused industrial heritage 

€ per year [ 9 ] ● ● ● ● ● ●

3.6.a.6 Extent of economic diversification Likert scale [ 25 ] ● ● ● ● ● ● ●
b.REVENUE AND 

EARNINGS 

3.6.b.1 Annually amount of revenue from 

new activities established 

(beneficiary-dependent) 

€ per year [ 19 ] ● ● ● ● ●

c.FINANCIAL 

SELF-SUSTAINABILITY 

3.6.c.1 Level of capacity of activities 

located in the reused industrial 

heritage to be financially 

self-sustaining 

Likert scale [ 9 ] ● ●

d.REAL ESTATE 

MARKET VALUE 

3.6.d.1 Real estate market value of the 

surrounding buildings (comparing 

before and after the 

implementation of the project) 

€ in a year [ 15 , 57 ] ● ● ● ● ● ● ● ●

3.6.d.2 Number of real estate buying and 

selling transactions in the 

surrounding area (comparing before 

and after the implementation of the 

project) 

No. in a year Authors’ 

elaboration 

● ● ● ● ● ● ● ●

e.TAX REVENUE 3.6.e.1 Annually tax revenue from new 

businesses/activities established 

(beneficiary-dependent) 

€ per year [ 58 ] ● ● ● ● ●

f.INVESTMENT 

ATTRACTIVENESS 

3.6.f.1 Amount of private investments in 

the industrial heritage 

€ in a year [ 9 ] ● ● ● ● ● ● ● ●

3.6.f.2 Amount of new public investments 

in the industrial heritage 

€ in a year [ 9 ] ● ● ● ● ● ● ● ●

3.6.f.3 Amount of new investment in the 

industrial heritage after the 

implementation of the project 

€ in a year [ 9 ] ● ● ●

g.ENTREPRENEURSHIP 

ATTRACTIVENESS 

3.6.g.1 Number of creative and innovative 

enterprises localized in the 

building/site 

No. in a year [ 27 ] ● ● ● ● ● ●

3.6.g.2 New start-ups born as a result of 

(and related to) the industrial 

heritage reuse project 

No. in a year [ 27 ] ● ● ● ●

( continued on next page ) 
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Table 3 ( continued ) 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

4. Social capital 

and value 

Macro-objective 

7: Generating 

and regenerating 

social capital 

a.EMPLOYMENT 4.7.a.1 Number of (short and long-term) 

jobs directly generated from 

adaptive reuse project 

No. in a year [ 9 , 24 , 25 ] ● ● ● ● ● ● ● ●

4.7.a.2 Number of different job categories 

generated from adaptive reuse 

project 

No. in a year [ 9 ] ● ● ● ● ● ● ● ●

b.SOCIAL COHESION 4.7.b.1 Number of third sector subjects 

involved in activities located in the 

reused building/site 

No. in a year [ 33 , 57 ] ● ● ● ●

4.7.b.2 Number of third sector subjects 

involved in activities related to the 

reused building/site (but external) 

No. in a year Authors’ 

elaboration 

● ● ● ●

4.7.b.3 Number of associations born in 

relation to the reused industrial 

heritage 

No. in a year Authors’ 

elaboration 

● ● ● ●

4.7.b.4 Percentage of surface of reused 

industrial heritage intended to host 

third sector 

% Authors’ 

elaboration 

● ● ● ● ● ●

c.COOPERATION 4.7.c.1 Number of 

Public-Private-Partnership activated 

in relation to the reused industrial 

heritage 

No. in a year [ 5 , 54 ] ● ● ● ● ● ●

d.PARTICIPATION 4.7.d.1 Number of stakeholder categories 

participating in decision-making 

process of industrial heritage 

adaptive reuse 

No. [ 24 , 30 , 54 ] ● ● ● ●

4.7.d.2 Percentage of community declaring 

a willingness to be involved in the 

organization of activities located in 

the reused industrial heritage 

% Authors’ 

elaboration 

● ● ● ● ● ● ● ●

e.INCLUSIVENESS 4.7.e.1 Number of volunteers involved in 

activities located in the reused 

industrial heritage 

No. [ 9 ] ● ●

4.7.e.2 Number of stakeholders categories 

involved in activities located in the 

reused industrial heritage 

No. [ 54 ] ● ● ● ● ● ●

f.PEOPLE 

ATTRACTIVENESS 

4.7.f.1 Average length of site visit Hours per day Authors’ 

elaboration 

● ●

4.7.f.2 Frequency of site visitation Days per month [ 25 ] ● ●
4.7.f.3 Number of visitors to the reused 

building/site 

No. per year [ 33 ] ● ● ● ● ●

g.ACCESSIBILITY 4.7.g.1 Level of accessibility for different 

groups of population (e.g., the 

elderly, children, people with 

disabilities) 

Likert scale Authors’ 

elaboration 

● ● ● ● ●

4.7.g.2 Frequency of use of the site by the 

local community 

Days per months Authors’ 

elaboration 

● ● ● ● ●

4.7.g.3 Level of physical accessibility of the 

reused industrial site/building 

Likert scale [ 23 ] ● ● ● ● ●

( continued on next page ) 
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Table 3 ( continued ) 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

5. Cultural capital 

and value 

Macro-objective 

8: Generating 

and regenerating 

cultural capital 

a.KNOWLEDGE 

PRODUCTION 

5.8.a.1 Number of activities aimed at 

knowledge production 

No. per year Authors’ 

elaboration 

● ● ● ● ● ●

5.8.a.2 Annual number of events aimed at 

knowledge production 

No. per year Authors’ 

elaboration 

● ●

5.8.a.3 Annual number of participants in 

events aimed at knowledge 

production 

No. per year Authors’ 

elaboration 

● ●

5.8.a.4 Number of community members 

involved in the organization of 

events aimed at knowledge 

production 

No. in a year Authors’ 

elaboration 

● ●

5.8.a.5 Surface intended to activities aimed 

at knowledge production 

Sqm or % Authors’ 

elaboration 

● ● ● ● ● ●

b.TRADITIONAL 

SKILLS SHARING 

(related also to old 

industrial processes) 

5.8.b.1 Number of activities aimed at 

transmission of traditional tangible 

and intangible industrial culture 

No. in a year [ 9 ] ● ● ● ● ● ●

5.8.b.2 Annual number of events aimed at 

transmission of traditional tangible 

and intangible industrial culture 

No. per year [ 56 ] ● ●

5.8.b.3 Annual number of participants in 

events aimed at transmission of 

traditional tangible and intangible 

industrial culture 

No. per year [ 9 , 56 ] ● ●

5.8.b.4 Number of community members 

involved in the organization of 

events aimed at transmission of 

traditional tangible and intangible 

industrial culture 

No. in a year [ 56 ] ● ●

5.8.b.5 Surface intended to activities aimed 

at transmission of traditional 

tangible and intangible industrial 

culture 

Sqm or % [ 14 ] ● ● ● ● ● ●

5.8.b.6 Number of training courses and 

programs for transmission of 

traditional skills 

No. in a year [ 9 ] ● ● ● ● ● ●

c.ATTACHMENT TO 

PLACE 

5.8.c.1 Percentage of community declaring 

to feel emotionally attached to the 

place 

% [ 15 , 25 , 57 ] ● ● ● ● ●

5.8.c.2 Percentage of community declaring 

they would recommend other 

people to visit the place 

% Authors’ 

elaboration 

● ●

d.LOCAL IDENTITY 5.8.d.1 Community perception of the 

industrial site as an integral part of 

their identity 

Likert scale Authors’ 

elaboration 

● ● ● ● ● ● ●

e.CULTURAL 

VIBRANCY 

5.8.e.1 Annually number of cultural events 

organized in the building/site 

No. per year [ 56 ] ● ●

5.8.e.2 Annually number of participants to 

cultural events organized in the 

building/site 

No. per year [ 33 ] ● ●

( continued on next page ) 
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Table 3 ( continued ) 

THEMATIC-AREA MACRO- 

OBJECTIVE 

CRITERIA ID INDICATOR UNIT OF MEASURE SOURCE EVALUATION PHASE OPERATIONAL PHASE 

EX-ANTE ONGOING EX- 

POST 

Renovation 

activity 

In 

use 

Future 

Adaptation 

potential 
PROJECT LEVEL 

(ex-ante) 

1 2 3 

f.COMMUNITY 

PERCEPTION 

5.8.f.1 Level of intensity of attributes that 

the community associates with the 

building/site 

Likert scale Authors’ 

elaboration 

● ● ● ● ● ● ●

5.8.f.2 Level of intensity of feelings that 

the community associates with the 

building/site 

Likert scale Authors’ 

elaboration 

● ● ● ● ● ● ●

6. State of 

conservation and 

use value 

Macro-objective 

9: Enhancing 

state of 

conservation and 

prolonging the 

use value of the 

building/site 

a.ADAPTABILITY 6.9.a.1 Level of reversibility of actions for 

adaptive reuse of industrial heritage 

Likert scale [ 5 , 30 ] ● ● ● ● ● ● ● ●

b.“INVASIVITY”/ 

SEVERITY OF CHANGE 

6.9.b.1 Capacity of the project to meet the 

“minimum interventum” strategy 

Likert scale [ 59 ] ● ● ● ● ● ● ●

c.FLEXIBILITY/ 

ADAPTABILITY 

6.9.c.1 Presence of removable spatial 

elements 

Binary (Yes/Not) [ 5 ] ● ● ● ● ● ● ● ●

6.9.c.2 Capacity of the space to be adapted 

to different functions over time 

Likert scale [ 5 , 60 ] ● ● ● ● ● ● ● ●

6.9.c.3 Percentage of multi-functional 

spaces on the total spaces 

% [ 5 , 12 ] ● ● ● ● ● ● ●

d.INTEGRITY AND 

AUTHENTICITY 

6.9.d.1 Level of conservation of original 

features 

Likert scale [ 14 , 24 , 31 , 61 ] ● ● ● ● ● ●

e.RECOGNIZIBILITY 6.9.e.1 Level of recognizability of the 

transformations 

Likert scale [ 14 , 15 , 24 , 31 , 62 ] ● ● ● ● ● ●

f.CONSERVATION OF 

THE ORIGINAL 

DIMENSIONS OF THE 

BUILDING 

6.9.f.1 Level of conservation of the original 

dimensions of the building 

Likert scale [ 56 ] ● ● ● ● ● ●

6.9.f.2 Pre-existing volume conserved m3 [ 5 , 22 ] ● ● ●
g.COMPATABILITY 6.9.g.1 Level of compatibility of new use(s) 

with previous use(s) 

Likert scale [ 15 , 30 ] ● ● ● ● ● ● ●

6.9.g.2 Level of compatibility of new use(s) 

with the characteristics of the 

building 

Likert scale [ 5 , 16 , 24 ] ● ● ● ● ● ● ●

6.9.g.3 Level of aesthetic relationship 

(visual compatibility) with the 

surrounding landscape 

(conservation of 

morphological-dimensional 

relationship between the site and 

its context) 

Likert scale [ 9 , 27 ] ● ● ● ● ● ● ●

h.TEMPORARY USE 6.9.h.1 Surface intended for temporary use 

on the total of surface in use phase 

% Authors’ 

elaboration 

● ● ● ● ● ● ● ●

6.9.h.2 Surface intended for temporary use 

on the total of surface during the 

renovation phase 

% Authors’ 

elaboration 

● ● ● ● ● ●

6.9.h.3 Number of third sector subjects 

involved in temporary use 

implementation 

No. in a year Authors’ 

elaboration 

● ● ● ● ● ● ● ●

6.9.h.4 Number of activities taking place in 

spaces intended for temporary use 

No. in a year Authors’ 

elaboration 

● ● ● ● ● ● ● ●

2
1

8
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Fig. 4. Categorization of indicators: temporal and operational categories. 
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ng this type of resource within the evaluation process, encompass- 

ng both tangible and intangible dimensions. 

Industrial heritage AR contributes to the macro-objectives of 

ach thematic-area as follows. In reference to the first macro- 

bjective, “Greenhouse gas and air pollutant emissions along a 

uilding’s life cycle” (1) [ 38 ] , industrial heritage AR helps cut 

missions by avoiding new construction and preserving existing 

aterials and embodied energy [ 39 , 40 ]. This approach reduces 

nergy-intensive processes like material extraction and assembly, 

ffering significant environmental benefits and supporting a low- 

arbon economy [ 41 , 42 ]. 

Industrial heritage AR aligns with the objective “Resource- 

fficient and Circular Material Life Cycles” (2) [ 43 ] by prioritiz- 

ng the preservation of existing materials, minimizing the need for 

ew raw materials, and reducing demolition waste, in order to pre- 

erve authenticity and integrity of the heritage. When demolition 

s necessary, materials can be repurposed within a circular econ- 

my process [ 44 , 45 ]. This approach extends the life cycle of re-

ources, but also prevents land consumption associated with new 

onstruction. 

The “Efficient water use of water resource” (3) objective [ 46 ] 

ims to minimize water consumption throughout a building’s life 

ycle. Industrial heritage AR contributes to this goal by reducing 

ater use during demolition and construction compared to new 

uilds. Additionally, water-saving strategies and self-sufficiency 

easures can be integrated into reuse projects, optimizing water 

onsumption and promoting more sustainable use of this critical 

esource. 

The “healthy and comfortable spaces” (4) objective [ 47 ] fo- 

uses on realizing spaces that enhance comfort, attractiveness, and 

roductivity while safeguarding human health. Health is closely 

inked to wellbeing, a broader concept encompassing different fac- 

ors as also highlighted by the Italian National Institute of Statistics 

ISTAT) [ 48 ]. These two concepts are interconnected - good health 

osters wellbeing, and “not-wellbeing” can negatively affect health. 

n addition, as highlighted in ISTAT’s 12 domains of Equitable and 

ustainable Wellbeing Framework [ 48 ], there are several studies 

howing that cultural heritage contributes to people’s wellbeing 

nd in improving their quality of life. Industrial heritage AR sup- 

orts this goal for example through thoughtful design: historical 

ndustrial buildings often feature structural characteristics, such as 
219
hick walls or strategic orientation, which improve microclimates, 

ontributing to occupant comfort and health. Industrial heritage AR 

lso provides new opportunities for social and economic enrich- 

ent, offering spaces for activities and employment, further en- 

ancing overall wellbeing. 

The “Adaptation and resilience to climate change” (5) objec- 

ive [ 49 ] focuses on ensuring buildings can withstand future cli- 

ate changes to safeguard health/wellbeing, comfort, and property 

alues. Industrial heritage reuse aligns with this goal by offering 

ustainable land-use and consumption models refined over time 

hrough adaptation between communities and their environments. 

he potential of heritage investment to mitigate climate change 

y preserving the significant embodied energy in historic indus- 

rial buildings is highlighted [ 39 ]. AR reduces greenhouse gas emis- 

ions, waste, and resource consumption, directly addressing envi- 

onmental challenges. Such practices minimize negative impacts 

nd contribute to climate resilience. Reusing industrial heritage can 

elp reduce global temperatures, contributing also to Paris Agree- 

ent’s goals [ 50 ]. Although Macro-objective 5 is positioned un- 

er thematic-area 3 – Cost, value and risk, following the structure 

f the European Commission’s Level(s) tool, its scope extends be- 

ond purely financial or technical resilience. In fact, adaptation to 

limate change directly affects occupants’ wellbeing and the en- 

ironmental quality of both indoor and outdoor spaces, establish- 

ng strong conceptual links with thematic-area 2 – Health, comfort 

nd wellbeing. For this reason, its inclusion within thematic-area 3 

s maintained for consistency with the Level(s) structure, but ac- 

nowledging its cross-cutting relevance across the two thematic 

reas. 

The “Optimise the life cycle cost and value” (6) objective fo- 

uses on life cycle cost and value of buildings to enable long-term 

erformance improvements [ 51 ]. It highlights that while achiev- 

ng better environmental performance may require higher initial 

nvestments, these often lead to reduced running costs, increased 

roperty values, and greater productivity over time. When ap- 

lied to industrial heritage AR, this approach emphasizes cost effi- 

iency over the building’s lifecycle, incorporating intangible bene- 

ts like enhanced user wellbeing and productivity. Reusing indus- 

rial structures revitalizes their functionality, but also raises their 

eal estate value and that of neighbouring areas, providing eco- 

omic benefits for the broader community. By integrating sustain- 
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ble consumption models, such as energy and water efficiency, 

euse projects reduce long-term operational costs, ensuring that 

oth financial and environmental goals are achieved, making AR 

 viable and impactful strategy. 

In reference to the objective “Generating and Regenerating So- 

ial Capital” (7), industrial heritage AR can foster social cohesion 

y creating connections within communities and preserving collec- 

ive memory. These sites serve as “connective infrastructure” [ 52 ], 

inking diverse groups through shared heritage and fostering par- 

icipation, collaboration, and innovative economic models such as 

ocial enterprises and cooperatives. Job creation tied to reuse en- 

ances inclusion and wellbeing, providing avenues for social en- 

agement and integration. 

Industrial heritage embodies a unique cultural identity as well 

s historical and technological significance. AR preserves material 

ut also the intangible factors (i.e., traditional know-how, special- 

zed skills, collective memory) that define community identity. For 

nstance, preserving machinery or original production layouts of- 

ers tangible links to historical innovation. It bridges past and fu- 

ure, ensuring cultural continuity while allowing for innovation. 

By integrating contemporary functions within authentic frame- 

orks, AR maintains historical integrity, supports community iden- 

ity, and revitalizes areas while fostering cultural innovation. This 

pproach highlights the transformation of heritage sites into dy- 

amic spaces that bridge historical and contemporary society 

eeds. By maintaining the sites’ authenticity, AR strengthens place 

dentity and fosters a sense of belonging, contributing to “Gener- 

ting and Regenerating Cultural Capital” (8) . 

AR preserves industrial heritage by maintaining or adapting 

tructures to meet contemporary needs without compromising au- 

henticity. This approach extends the life-cycle of the buildings, 

reventing degradation due to abandonment, contributing to the 

bjective 9 “Enhancing state of conservation and prolonging the 

se value of the building/site”. It aligns with circular economy 

rinciples by minimizing waste, maintaining physical integrity, and 

upporting long-term sustainability. A well-preserved site boosts 

ocal pride, economic vitality, and the intergenerational transfer of 

ultural assets. 

As stressed in the previous paragraph, the proposed indica- 

ors were selected through the in-depth scientific literature review, 

hich helped identify the most appropriate parameters for moni- 

oring the impact of each aspect of sustainability in industrial her- 

tage AR. The distinction of indicators into ex-ante, ongoing, and 

x-post enables a comprehensive evaluation that covers all phases 

f the project, from initial planning to implementation and op- 

rational management. Specifically, identifying ex-ante indicators 

or the early stages of the project, such as assessing the potential 

eusability of materials or the expected environmental impact, is 

undamental for guiding more sustainable design choices. Ongoing 

nd ex-post indicators instead help monitor compliance with de- 

ign commitments during and after implementation, ensuring that 

ustainability objectives are effectively achieved. 

The linkage of indicators to the design levels (see §3) addresses 

ractical constraints, ensuring evaluations are grounded in avail- 

ble data. For example, in the early stages, much information will 

till be uncertain or undefined, making it impossible to “populate”

ertain indicators that require more specific details. In contrast, as 

he project progresses and technical and operational aspects are 

efined, increasingly accurate and complete data can be collected. 

his approach allows the framework to be adapted to the life cycle 

f the project, avoiding waste of time and resources. 

Adapting Level(s) to the industrial heritage also highlighted 

he need for a holistic and multidisciplinary approach. The sus- 

ainability of these projects cannot be limited to environmen- 

al or economic factors, but has to also consider social and cul- 

ural dimensions. The adoption of these targeted indicators, di- 
220
ided across time phases, allows for monitoring each dimension of 

ustainability ensuring that projects adhere to environmental sus- 

ainability principles and also contribute to improving community 

ellbeing. 

Industrial heritage, but more in general cultural heritage, is 

trictly linked to its context [ 53 ] and thus the evaluation frame- 

ork needs to reflect this condition. Therefore, the indicators can 

e referred to two scale-categories: 

− Impacts on the industrial heritage/site; 

− Impacts of the industrial heritage/site on the context. 

The first category refers to the impacts that the project has 

pecifically on the building/site, while the second category is re- 

ated to the “reverberation” of the project on the surrounding. The 

roposed indicator system considers the building/site and its con- 

ext as an ecosystem in which different components enter into a 

elationship, in a symbiotic process. 

Some of the indicators are explicitly referred to the impacts 

hat the implementation of circular process (related to the AR) pro- 

uces both on the building/site and on the context, while some of 

hem are expressions of the circularity level of the process (as ma- 

erial reuse). 

The proposed framework can provide a structured foundation 

or multicriteria evaluations, serving as a key input for compar- 

ng alternative scenarios. This connection to multicriteria evalua- 

ion is important because the reuse of abandoned industrial sites 

nvolves complex and often conflicting factors. By integrating this 

ramework into decision-making processes, stakeholders can anal- 

se different scenarios based on measurable and comparable cri- 

eria, leading to more informed and transparent choices. Addition- 

lly, it enhances comparability across projects, ensuring that sus- 

ainability and heritage conservation objectives are consistently ad- 

ressed throughout the evaluation process. 

The proposed framework aims to establish a shared language 

y adopting a unified framework of indicators. It is intended for a 

ariety of stakeholders engaged at different project stages. For ex- 

mple, it is aimed at design teams, including architects, engineers, 

urveyors, and specialized consultants, who can use the framework 

o integrate sustainability principles into their projects, ensuring 

 comprehensive assessment of the impacts of AR. It also sup- 

orts clients and investors , such as real estate developers, prop- 

rty managers, and owners of disused industrial buildings, by pro- 

iding a clear system for evaluating the economic and social value 

f interventions, ensuring transparency in performance data, and 

nabling more effective risk and opportunity management. Addi- 

ionally, it is designed for policy makers and public authorities 

t local, regional, and national levels, helping them develop ur- 

an regeneration and circular economy strategies. The framework 

rovides a standardized basis for performance evaluation, improv- 

ng environmental quality and achieving sustainability goals while 

reserving cultural heritage. Lastly (unlike the Level(s) tool), the 

roposed framework involves the local community, including cit- 

zens and associations, who benefit from greater inclusion in the 

daptive reuse projects. By actively contributing to defining new 

ses and monitoring the social and cultural impacts of interven- 

ions, the community plays a key role in ensuring the long-term 

uccess of AR projects. The involvement of the aforementioned dif- 

erent stakeholder categories can represent a success factor for AR 

rocesses [ 54 ]. 

To ensure its effectiveness, the framework has to be easy to un- 

erstand, applicable across diverse experiences, and, at least par- 

ially, accessible both to non-experts as well as professionals. Given 

he wide range of stakeholders involved, the need for a common 

anguage becomes even more fundamental. Therefore, developing 

lear guidelines for using this framework - similar to those elab- 

rated for the Level(s) tool - is essential. Additionally, investing in 
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raining programs is necessary to equip all participants with the 

kills needed to effectively use and integrate these tools into their 

rocesses. 

An important feature of this tool is related to transparency 

nd comparability. In fact, through the identified indicators, it fa- 

ilitates comparison between projects and provides a compara- 

le database for making more informed decisions. Therefore, these 

ndicators can represent the input data for integrated evaluation 

 55 ] comparing different scenarios. Specifically, based on the es- 

ablished functions and the specificities of the contexts, additional 

ndicators may be identified. 

. Conclusions 

The adaptive reuse of industrial heritage illustrates how circu- 

ar economy principles can be effectively implemented within the 

uilt environment, generating regenerative outcomes through cir- 

ular processes. By extending the lifecycle of existing buildings, 

reserving embodied energy and material capital, and preventing 

emolition waste, adaptive reuse reduces environmental pressures 

nd supports resource efficiency. At the same time, the reactiva- 

ion of disused industrial assets generates new opportunities for 

ocial interaction, cultural production, and local economic devel- 

pment, fostering inclusive and place-based regeneration. In this 

erspective, adaptive reuse functions as a catalyst that translates 

he methodological foundation of the circular economy into tangi- 

le social and environmental benefits. 

In this context, this study adapts and integrates the European 

ommission’s Level(s) tool for application to industrial heritage AR. 

he primary necessity was to integrate the thematic-areas, macro- 

bjectives, and indicators, making the tool more suitable and tai- 

ored to assess environmental, socio-cultural, and economic sus- 

ainability, fostering more aware, equitable, and sustainable urban 

egeneration. This adjustment provides a significant contribution to 

ustainability in the construction sector - given the large amount 

f built capital that is currently abandoned or underutilized - 

ransforming such spaces from “waste” into resources for cities (in 

ine with the circular economy principles), improving their urban 

nd social contexts. The proposed integrated approach allows for a 

ore detailed and targeted evaluation, supporting the project from 

esign to post-occupancy management, with clear and specific in- 

icators for each phase of the building’s life cycle. The phase- 

pecific indicators support a robust methodology for monitoring 

he achievement of sustainability goals at each stage of the project, 

nabling an adaptive approach that allows for in-progress modifi- 

ations and adjustments. 

The framework can also be applied at the conceptual design 

tage, relying solely on qualitative assessments as the basis for de- 

ign development. In all project levels not all the indicators require 

he same level of complexity. So, core indicators that are most rele- 

ant can be identified each time, according to the Pareto Principle. 

The proposed framework also provides practical value as a tool 

or governance and informed decision-making among the differ- 

nt stakeholders involved in circular regeneration. For policymak- 

rs, it serves as a structured monitoring and evaluation tool that 

an be incorporated into public programmes to align urban re- 

eneration strategies with European circular economy and climate 

daptation goals. By adopting the proposed indicators, public ad- 

inistrations can assess the multidimensional impacts of interven- 

ions in a transparent and comparable way, fostering evidence- 

ased policies and accountability. For professionals and developers, 

he framework acts as a design and management support system, 

elping to balance environmental performance with socio-cultural 

alue preservation and economic sustainability. Its multidimen- 

ional structure encourages dialogue among technical experts, her- 

tage authorities, and planners, thereby enhancing interdisciplinary 
221
ollaboration. Communities and civic organizations also play a cen- 

ral role within the framework: the inclusion of participatory and 

erception-based indicators allows them to engage in monitoring 

nd co-assessing the social and cultural outcomes of projects. This 

articipatory dimension ensures that adaptive reuse processes are 

nclusive, equitable, and responsive to local needs. 

In this perspective, the framework is not merely an analytical 

ool but a shared language that facilitates cooperation and mu- 

ual understanding among actors operating at different levels of 

he adaptive reuse projects. It contributes to the establishment 

f a more integrated, transparent, and circular governance model, 

here environmental, economic, and socio-cultural objectives rein- 

orce each other rather than compete. 

As already highlighted, many of the indicators included in the 

ramework require advanced technical expertise to populate, as 

ell as the need for close interdisciplinary collaboration. This 

oses the challenge of ensuring that the various stakeholders in- 

olved have access to the necessary resources and skills to under- 

tand and effectively use the tool. The effective use of the frame- 

ork might depend on significant investments in training and 

wareness-raising, for technical professionals but also for policy- 

akers and communities, to ensure a shared and integrated ap- 

roach. 

Future research will focus on applying and testing the frame- 

ork in real-world adaptive reuse projects, defining the weighting 

f indicators and validating its effectiveness as a decision-support 

nd policy-monitoring tool for industrial heritage adaptive reuse 

rojects. 
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