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Abstract

The preservation and reuse of abandoned industrial buildings play an important role in the process of urban regeneration. Adaptive
re-use is a sustainable strategy that promotes the enhancement of urban planning and activates projects for the refurbishment of
unused areas. The existing multicriteria analysis models (ARP Model, AdaptSTAR Model and Decision-Making Model) allow the
development of adaptive re-use strategies, identifying the variables influencing the steps of the building reconversion. The article
deepens the topic of adaptive re-use, through the study of a decision support systems for the recovery of industrial areas and the
identification of all the categories that affect the procedures for building adaptation. The objective of the research is to identify decision
making choices that take into account the social, functional and architectural risks conditioning the solidity of the city-environment-
society system. The proposed Design Criteria System (DCS) considers the factors involved in the building transformation process,
highlighting the complexity of the management, control and implementation phases of the same. The definition of adaptive re-use
interventions is done by multicriteria analyses based on the weight of each component during the building transformation. The
research shows that the identified microscopes allow to synthesize the procedural apparatus, guaranteeing the optimal management
of case-by-case decisions.
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1. Introduction

In recent decades, Europe has been going through a transition: from a city system, based on industry located in the urban suburbs
and on the trade of products made in series in large containers, the urban structure is proceeding towards a new model of metropolis,
characterized by technological advancement and by services useful for the society. Abandoned industrial areas are the most important
physical evidence of the industrialisation that many cities experienced in the course of the last century (De Cesaris & Del Monaco, 2011).
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The process of de-industrialisation in Europe and in highly developed countries has created, especially in urban periphery, vast unused
and derelict spaces. Many plants have been shut down, some industrial zones have been abandoned and lots of warehouses become
obsolete in terms of location, size and technologies. In addition, this phenomenon has produced “black holes” in urban city morphology,
filled with unused volumes ready to be regenerate. As underlined in Table 1 in Germany it's estimated that there are 128.000 hectares of
abandoned land, in England 40.000 hectares, in France 20.000 hectares, in the Netherlands 11.000 hectares and in Belgium 9.000
hectares (Bianchetti, 2004; Austrian Federal Environment Agency, 2002). In Italy abandoned sites occupy the 3% of the entire Italian
surface. It can be compared to the surface of Umbria region (ISTAT, 2012). This radical transformation of the urban structure has triggered
processes of decommissioning of industrial complexes and plants, leaving huge structures unused and abandoned, without, at the same
time, finding sustainable solutions for their reuse and recovery (Marocco, 2018). The options for the regeneration of these areas with high
environmental impact can be traced back to sustainable reindustrialization activities through plant renewal and structural maintenance or
to adaptive models for the reconversion and the transformation of disused industrial plants, turning them into new functional envelopes to
meet the needs of the population. Cities, especially in marginal areas, are full of empty structures and abandoned properties and have
fewer activities for social, cultural and green space aggregation. The recovery of industrial heritage entails the need for its reuse. This
process redefines building values and functions, giving a new dignity to these areas. The refurbishment of abandoned spaces and the
conferment of a higher environmental, economic and social values to industrial areas and to abandoned sheds respond to the concept of
a sustainable city.

Table 1: Contaminated sites and abandoned industrial areas in Europe.

Abandoned industrial areas in Europe

Belgium

Netherlands

w

France
England
Germany
0 50000 100000 150000 200000 250000 300000 350000 400000
Germany England France Netherlands Belgium
B Contaminated sites 362 000 100 000 300 000 120 000 59 000
B Abandoned industrial areas (ha) 128 000 40 000 20 000 11 000 9 000

B Contaminated sites B Abandoned industrial areas (ha)

In the context of the transformation of urban development models, the reuse of brownfield becomes an opportunity to bring life to
sustainable and technological redevelopment processes of abandoned sites, incorporating identitarian characteristics and recognisability
(Calderazzi, 2015). Adaptive reuse models allow to manage the abandoned anthropized territory, providing effective solutions for
sustainable urban regeneration processes. Disused factories and industrial warehouses lay the groundwork to trigger virtuous processes
of building recovery in urban suburbs, reducing the uncontrolled urban sprawl of modern cities. Policies of planning and territory
development, with the help of recovery actions of abandoned peripheral industrial fabrics, open the doors to a modern consideration of
the metropolis, where the periphery and the old town are related and joined each other through the introduction of spaces, functions and
services to meet the needs of the community. The transformation of obsolete architectures, with adaptive reuse strategies, enables to
achieve sustainability, functional and technological goals (Rudlin & Falk, 2009).
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All over the world, industrial infrastructures are being creatively repurposed, guaranteeing new standards of liveability and
contemporary services useful for society development. There are lots of established and operated examples of disused industrial plants,
converted into modern centres of social and cultural aggregation, that change their use with technological, construction and functional
innovative actions of refurbishment. The FRAC Museum of Dunkerque (2013-2015), the RedFern Warehouse of Sydney (2018), the
Gasometers of Wien (1999-2001), the Green Building of Louisville (2008), the Paganini Auditorium of Parma (1999-2001), the Kranspoor
of Amsterdam (2007) and the Helbphilarmonie of Hamburg (2007-2017) are some examples in which this technique is applied. All these
industrial building incorporate multiple attractive features and correlate the existing structure and shape with new contemporary materials
and volumes, added during the reconversion operations. Adaptive reuse can be sparked by whoever feels the power of the industrial past
and dares to imagine a future for its legacy (Robiglio, 2017). It seems to be an increasingly promising strategy for converting abandoned
buildings.

In addition, decisions on the allocation of resources for building adaptation are based on a set of multiple, often conflicting, criteria as
well as on the preferences of various stakeholders who attribute different importance to the recovery interventions with adaptive reuse
techniques (Bottero et al., 2019). Although it's possible to identify different approaches to adaptive reuse and different recovery policies,
some common principles to follow can be listed: adaptation should preserve the existent structure, with minimal changes of the structure,
inserting contemporary functions; conversion should respect the sustainability principles that help to the design with adaptive reuse
features; community engagement should be encouraged and the selection of potential adaptive uses should be consider the possible
development of local territory (Elsorady, 2014). Disused areas represent an opportunity, but also a challenge: reassigning a new identity
to abandoned marginal buildings by reintroducing them as elements and active places of the city (Calderazzi, 2012).

Lots of authors have studied the topic of adaptive reuse, paying the attention on the potentials and on the opportunities of building
adaptation through choice factors. This is fundamental for resolving and mitigating environmental, social and functional problems occurred
during years. However, it's necessary to identify sustainability principles for adaptive reuse that lead to the reintegration of former industrial
sites into the socio-economic and urban structure (Kirovova and Sigmundova, 2014). The successful reuse of abandoned industrial sites
requires a deepened analysis to understand how the layers, the functions, the transformation activities and all the subsystems are
interconnected with and influence each other. In order to identify what the universal adaptive reuse strategies should be to convert
relinquished buildings into new social and cultural spaces, it's useful to structure a multicriteria system that outlines the factors that most
affect the interventions of recovery and reuse. The proposed Design Criteria System (DCS) is useful to define and manage all the identified
scopes. To particularize this study, it is implemented a decision support method. It serves to define procedures for the recovery of industrial
areas, helping the stakeholders to find the right solution to their requests. There are many stakeholders involved in the decision making
process and each of them has a different view of reality. Although the decision system is complex, the DCS controls the factors that
condition and modify the temporal steps for building adaptation into seven categories. There is also a growing acceptance that a process
of adaptive reuse can be used as a responsive strategy that can attend to the changing needs of owners and occupiers, developing
sustainable policies for urban industrial refurbishment (Bullen & Love, 2011; Kohler & Hassler, 2002; Bullen & Love, 2010).

The approach proposed in this paper, on the basis of the existent decision making processes and on the analysis of factors that affect
building transformations, specifies a Design Criteria System (DCS) for the identification of industries adaptation strategies. It describes
each category and subcategory managed by the radiocentric scheme. The research also addresses the issues of adaptive reuse of
abandoned warehouses under a multicriteria model that synthesizes the activities involved in building refurbishment processes,
implementing a decision aiding method to structure universal strategies of reuse. These scenarios consider social, economic, functional,
legal, political, technological and physical issues, reducing and simplifying the actions for sustainable recovery interventions. In particular,
the seven categories, analysed by the AdaptSTAR Model of S. Conejos (Conejos, 2013; Conejos et al., 2013, 2014), are divided into
macro and micro-scopes. Each of these has different influence on industrial reconversion activities. Depending on the type of intervention
and of building potentials, the DCS controls, compares and identifies the possible solutions of adaptive reuse, performing smart building
adaptation procedures. Multicriteria analysis seems to be an adequate qualitative framework for supporting public policies design and
controlling decisions in complex contexts in which stakeholders’ interests are often conflictual (Bottero et al., 2019).

The robustness of multicriteria approaches is mainly due to the following reasons (Damart & Roy, 2009; Bottero, 2014) multicriteria
analysis considers qualitative and quantitative criteria; the information about parameters and preferences is relatively small at the early
design stage of adaptive reuse strategies; multicriteria analysis is compatible with socio-economic evaluation and multiple actors can be
involved in the implementation of adaptive reuse strategies. The DCS Represents a multicriteria radiocentric model that catalogue a huge
amount of data in order to facilitates stakeholders’ decisions in complex warehouses reuse interventions, taking into account the features
that mostly affect the success of building adaptation. Industrial sites, especially in vulnerable context, are more at risk than any other
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construction typology. In fact, warehouses are frequently left to deteriorate, because they are not considered as empty spaces to insert
modern functions useful for the society and for city development. The aim of the research is to provide a decision support tool to facilitate
the classification, the data storage and management and the selection of adaptive reuse strategies, considering times, costs and
stakeholders’ requests. It allows to organize the information obtained from the literature review, identifying sustainable and smart
conversion strategies for derelict and marginal industrial areas.

In detall, the paper is organized into five main sections: Section 1 has described the issues of values attached to warehouses reuse,
discussing the importance of adaptation as a strategy for preservation; Section 2 deepens the theme of adaptive reuse and its potentials;
Section 3 analyses the existent decision making models and design criteria systems for the identification of choice factors; Section 4
presents the DCS and all its categories useful for the implementation of adaptive reuse strategies and Section 5 introduces conclusions
and future research developments.

2. Adaptive reuse

This section outlines the drivers and barriers of adaptive reuse techniques. In particular, it explains the definition of adaptive reuse and
the adaptability criteria to estimate the capacity of a building to absorb minor or major change. Adaptive reuse models play a fundamental
role in the refurbishment and in the transformation of derelict industrial sites. This type of intervention allows the building to adapt to new
conditions and to accommodate multiple functions, satisfying the needs of society. The Australian Department of the Environment and
Heritage (2004) defines adaptive reuse as a process that changes a disused or ineffective item that can be used for a different purpose
(Australian Department of Environment and Heritage, 2004). Adaptive reuse means changing a building and/or its use in order to satisfy
the needs of new investors or even existing owners and it's a form of preservation of abandoned industrial buildings to acknowledge their
value for urban development (Wilkinson et al., 2009; Jack, 2014). The functional and economic life cycle of a warehouse is important for
decision making in relation to new use or demolition. Adaptive reuse techniques are considered when there are potentials in the quality
of a building or in its environment and could be applied when stakeholders have solutions related to the future construction uses (Mehr et
al., 2016).

Some authors believe that adaptive reuse strategies can change social, cultural and urban values. Hall, Douglas, Kohler and Yang
proffer that the costs of reusing buildings are lower than the costs of demolition (Hall, 1998; Douglas, 2006; Kohler & Yang, 2007). For
these researchers it's cheaper to adapt than to demolish in as much as the structural components exist and are in good conditions. In
addition, Douglas maintains that each abandoned building has intrinsic values and qualities to undertake reuse actions (Douglas, 2006).
For Ball, it's preferable to repair a derelict industrial site than replace it with a new one, because the quality of a modern building is not
necessarily better than the old one (Ball, 2003). Adaptive reuse offers a more efficient and effective process of dealing with buildings than
demolition, reducing the amount of disturbance due to hazardous materials and contaminated ground (Bullen & Love, 2011). There are
also figures that don’t consider adaptive reuse models as a chance for city development. O’'Donnell suggests that an adapted building will
not match a contemporary building in terms of performances (O’Donnell, 2004). In fact, demolition is selected when the life expectancy of
an existing architecture is estimating to be less than a new alternative.

Defining the drivers and barriers for adaptive reuse models allow to simplify the decision-making system and to understand what
solution is the most effective for the development of sustainable policies in city contexts. A number of factors can be identified to classify
the potentials of adaptive reuse. Drivers factors, underlined in the scheme [Table 2], include cost-effectiveness and building quality values
(Bullen & Love, 2011). The table also lists the barriers that could influence stakeholders’ decisions between volume preservation and
adaptation and structure demolition. Adaptive reuse is seen as an alternative way to refurbish unused envelopes, paying the attention to
environmental, technological and structural performance and efficiency. The success of a building conversion depends on the adaptability
of spaces and volumes flexibility to host multiple functions.

According to Douglas building conversion is usually stimulated by the need to ensure the properties have a continuing use. It is
essentially a response to accommodate changes in the type or style of occupancy demand for a property (Douglas, 2006). Building
adaptation means any work to a building over and above maintenance to change its capacity, function or performance or any intervention
to adjust, reuse or upgrade a building to suit new conditions or requirements. Adaptation is about managing and controlling change in the
context of the functional and physical attributes of existing buildings. It is based on the premise that buildings are not static in a use or
condition sense over their service life. It's possible to distinguish five main adaptability criteria for smart industrial conversion:

a) Convertibility: allowing for changes in use (economically, legally and technically);
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b)  Dismantlability: building capacity of being demolished safetly, efficiently and speedly;

c) Disaggregatability: materials and components from any dismantled building should be as reusable or reprocessable;
d) Expandability: allowing for increases in volume or capacity;

e) Flexibility: enabling minor if not major shifts in space planning to reconfigure the layout and make it more efficient.

Table 1: Adaptive reuse drivers and barriers.

Drivers Barriers

o Increased building life e Condition of external fabric
o Lower material, transport and Environmental and finishes

energy consumption Demolition, renovate, loading (+) | « Maintenance costs
* Reduced resource consumption refurbish or re-build ) e Higher rental in reuse buildings
¢ Less material waste — - * Building regulations/planning
o Rising enexgy costs Decision point | | restrictions
¢ Building functionality e Complexity
* Less disruption - *  Adaptive reuse of existing » Lack of skilled tradesmen
* Reduce negative impact of Em':m.nmenml building stock * Building layout ( e.g., space

poor buildings loading ) eﬁcien;:ies-)
¢ Changing work patterns e Health and safety requirements
& Requirement for multiple use s Comimercial risk and uncertainty
¢ Financial incentives e Low quality construction

Sustainability economically,
socially and environmentally (+)

Adding additional values and technologies to conserve derelict buildings and places is the ‘reuse’ principle implicit in the idea of
sustainability. Reusing such enormous areas may help the periphery to achieve its identity, contributing to give a new image of the city
characterised by modern function used by a large number of people. Reuse can create valuable community resources from unproductive
property, substantially reduce land acquisition and construction costs, revitalize existing neighbourhoods and help to control urban sprawl.

3. Decision making models

Building conversion processes require the analysis of a wide range of factors. The same influences the transformations of the building
envelope. This section describes three decision making models that are at the basis of the research. These schemes help and facilitate
the choice of stakeholders in the design, management, control and implementation of adaptive reuse interventions. During the building
recovery phases, obstacles, that slow down the assumption procedure process, can be found. There is therefore the necessity of a system
of rules and strategies to facilitate the choices of intervention on the existing.

A first method to estimate the potential of adaptive reuse strategies is C. Langston's ARP model (Langston et al., 2008; Langston,
2008; Langston, 2012; Langston, 2013). Through the ARP model, existing buildings are classified according to the potential of the
proposed adaptive reuse intervention. This model considers the "useful life" factor as a function of the physical building state and
obsolescence, allowing the calculation of the adaptive reuse model potentials foreseeing for the building life cycle assessment. This
application ranks abandoned buildings according to the potential offered for the adaptive reuse transformation process at any point of
time. As shown in the graph [Figure 1] the scheme defines the point of building maximum potential use during its lifecycle on the decay
curve, evaluating the effective useful life, the effective building age and the effective physical life. The ARP Model calculates the useful
life of the building according to physical life and obsolescence. This parameter ensures the identification of adaptive reuse potentials at
any time of the building's useful life cycle.

Conejos et al. (2013; 2014) validates a new design evaluation tool using adaptive reuse methods, called adaptSTAR Model. It is
based on the model outlined by Langston. The adaptSTAR Model can be described as a weighted checklist that analyses the design
strategies of refurbished buildings with the aim to affirm the efficiency of recovery actions through adaptive reuse strategies. The
adaptSTAR method can be summarized in three different steps: a first data collection and classification of
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Figure 1 : ARP Model (Langston et al., 2008; Langston, 2008; Langston, 2012; Langston, 2013).
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Figure 2: AdaptStar Model (Conejos, 2013; Conejos et al., 2013; Conejos et al., 2014.
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Figure 3: Decision making double triangle scheme.

case studies, expert interviews and surveys. This enables to analyse possible reuse combinations. A qualitative approach, based on a
multicriteria design system, guarantees a fully understand of the fields that affect building adaptation, through the study of examples
already realized, and the identification of a list of design criteria. The second part of her study pays attention to the correlation of factors
that can influence adaptive reuse strategies. The various scopes are divided into seven categories depending on physical, economic,
functional, technological, social, legal and political aspects [Figure 2]. All data are organized and analysed with NVivo software. It helps
to organize, model and adjust the collected data, defining a series of strategies, proceeding to the construction transformation, through
adaptive reuse. The third and final step involves the comparison of the adaptSTAR model with the Langston's ARP model.

The decision-making process for the recovery of abandoned buildings is very complex and dynamic, because converge a multiplicity
of areas and solutions that can influence, in a positive or negative way, the performances of the intervention. In addition, stakeholders,
involved in the planning and designing phases, have a different view about the sustainable reuse procedures. The participants to the
decision making process come from different backgrounds and, during strategies selection, outline a series of hypotheses and solutions
according to the competences of each of them. Therefore, it is important to organize the system of possible choices and to manage the
stakeholders’ actions, having a model of unique strategies for several case studies. Bullen P. and Love P. in their study identified a large
number of key drivers and barriers that should be consider in adaptive reuse interventions (Bullen & Love, 2010). The analysis reveals
that three main factors influence the building refurbishment decision making process: the capital investment, the asset condition and the
regulation. These features are strictly related to each other, allowing the evaluation of sustainability, environmental, economic and social
benefits and constraints. The double triangular scheme is an effective system to explain the activities that regulate the constructive-
architectural structure of the building envelope [Figure 3].

The use of these models leads designers to a better understanding of the procedures to be carried out to increase the chances of
finding sustainable solutions that can offer opportunities for the development of adaptive reuse strategies. The research, based on the
information obtained from the models mentioned before, aims to consider all possible factors involving in the process of building
transformation with adaptive reuse techniques and to hypothesize a system of universal strategies for the recovery of existing
decommissioned areas. On the basis of these main parameters it is possible to model the different strategies for building reconversion,
promoting a regulation of the main stages for the implementation of smart construction policies and the modes of intervention, depending
on society needs. Adaptive reuse is a fundamental strategy for achieving sustainability requirements and ensures continuous building
operation, as well as an increase of its functional life (Mohammed & Alauddin, 2016).

4. Research approach
Adaptive reuse strategies allow the building envelope to adapt to new conditions of use. The ability to extend the useful life of buildings,

through innovative strategies, plays a fundamental role in the regeneration of the degraded built environment. The classification of
abandoned buildings encourages the identification of sample areas where building redevelopment models can be applied. Through
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S.W.O.T. analysis, it is possible to evaluate the useful steps for the recovery of abandoned industrial heritage. The identification of the
factors that affect the decision-making activities, during the phases of construction design, allows to quantify their impact for the planning
of transformation interventions. Each area, that comes into play in the phases of management, control and realization of the work, affects,
in a different way, the technological and architectural choices to adopt for sustainable adaptation. It is necessary to create a system of
classification of the activities (Design Criteria System) that are applied for the transformation of disused buildings, quantifying the incidence
of each in order to the selected strategy.

The deepening of decision making models examines the social, functional and architectural risks that affect the city-environment-
society system. The implementation of ad-hoc strategies for the recovery of abandoned industrial areas strengthens the management of
the fundamental steps for their conversion. This simplifies the procedural processes that serve to restore a construction without a
destination of use. In addition, each strategy takes into account the times, the costs, the interventions and the risks that may incur in
architectural design. The aim of the research is to verify on the one hand the effectiveness of adaptive reuse models and on the other
hand the validity of the choices and scopes identified. The use of adaptive reuse models also requires the commitment of the client and
the stakeholders involved to be inclined to seek solutions to reuse the existing.

4.1 The Design Criteria System (DCS)

This paragraph deepens the DCS, as a method for managing, controlling and analysing procedures for the functional, technological
and sustainable reuse of disused buildings. In particular, in this paper are highlighted all the steps to define the radiocentric and multicriteria
scheme, starting from the management of the data, collected during the literature review process, to the definition of the macro and micro
scopes that characterize the decision support system. The process is simple: starting from the analysis and the classification of the
characteristics of an abandoned industrial warehouse, the DCS manages these data and develops sustainable recovery strategies,
through the choice of attributes that are effective for successful intervention. The implemented strategies simplify the process of building
regeneration, taking into account time, economic, technological, functional, social, and risks that can be encountered in the phases of
design, planning and implementation of recovery intervention. The model considers the scopes defined in the adaptSTAR model (Conejos,
2013; Damart and Roy, 2009; Bullen & Love, 2010) as major factors that influence the choices of stakeholders, detailing them through the
classification of scopes and microscopes. The adaptSTAR model is a weighted checklist of design strategies that lead to future successful
adaptive reuse of buildings. The factors, identified by the author, are collated into seven groups representing physical, economic,
functional, technological, social, legal and political categories.

A first phase of data collection allows to organize and storage all the information acquired by the literature review analysis. By this
research topic study, it's possible to have general perspective of the theme examined by the authors, regarding the design criteria for the
definition of adaptive reuse strategies. The data are recorded in a table composed of the seven categories, identified by the adaptSTAR
Model, which intervene in the recovery of the marginal industrial architecture in disuse. This phase of data acquisition and its subsequent
management and organization in the DCS guarantees an easy and manageable availability of information. A subsequent classification of
design criteria is made through the analysis of the S. Conejos’s AdaptStar Model. It's the starting point for the particularization of the DCS
with the insertion of activities and procedures. The features, collected in the DCS, define the actions that contribute to the formation of
efficient and effective strategies for a resilient sustainable reuse. Each category presents a predisposition to be implemented with
additional details that enrich the decision system. The proposed radiocentric model is divided, from the outside to the inside, in macro and
micro scopes. The macro scopes frame what are the fields of intervention on the existing structures. The micro scopes, on the other hand,
underline specifically the disparate activities and the individual operations to increase the useful life cycle of the building.

The DCS, therefore, introduces a new method to choose the actions involved in adaptive reuse interventions, specifying for each of
the areas considered which activities affect building transformations. This is done by implementing smart strategies for retrieval of the
existing in disuse. The model, as specified above, is divided into seven main categories, which in turn are classified into smaller areas
that consider the individual activities and possible risk factors (environmental, architectural, functional and social) that can incur during
industrial building redevelopment processes. The scopes are closely related to each other, but at the same time, there are factors that
affect a lot the selection of the steps included in a determined reuse strategy. In most cases, the intrinsic characteristics of the abandoned
building (level of decay, geological features, location, technological and plant obsolescence, composition of spaces, ground, acoustic and
air level of pollution, etc), derived from the analysis and classification of the same, narrow the field of optimal choices to adopt for an
effective building conversion. This, if on the one hand, simplifies strategy selection, on the other hand introduces restrictions that do not
allow freedom of intervention in the construction transformation. The elements that characterized the DCS can be summarized as follows:
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i. Economic design criteria: divided in two macro scopes that consider all the costs that influence the possible building
refurbishment, starting from the planned and unplanned maintenance costs to materials, design and transportation costs. These
features depend on the construction level of decay and the market influences, based on the consumers, the stakeholders
involved in and the building reuse demand. An excellent reuse strategy contributes to increase the economic value of the
building and the site where it was built. Economic factors influence a lot the choices of stakeholders, because they vary not only
depending on the building level of decay, but also according to the needs of the client and the activities of ordinary and
extraordinary maintenance.

ii. Functional design criteria: divided into three sections. The first considers the building flexibility in order to evaluate the structure
possibilities to be reused with another functional use. The second scope focuses the attention on stakeholders requests,
regarding their own interests in terms of comfort indoor, life quality, technologies, materials and costs. The last category defines
which are the main uses for a smart warehouse conversion. The choice of which feature is best for a given building is not easy.
The purpose of use may be the subject of debate between investors and clients. In fact, there are some cases where the building
is not prepared to host certain functions, due to lack of adequate spaces or because it has a structural apparatus that does not
allow to insert activities that require large surfaces and volumes. Another aspect, related to the functional choice factors,
concerns the study of the social features that characterize the city: a building conversion activity becomes effective when the
building is used all the time by the population, satisfying the changing needs of population.

iii. Physical design criteria: this category considers the building like a sum of layers. Starting from the building envelope,
interventions regarding the transformations of shapes and volumes, the characteristics of the context and the analysis of the
level of degradation of each building component can be defined. Regenerating an abandoned warehouse does not mean filling
and maintaining the spaces inside. Adaptive reuse interventions allow to change the shape of the building, juxtaposing elements
to the existing structure, elevating the shed with light volumes, subtracting and removing parts of the building, joining multiple
building bodies or building new volume with the same shape of the existing one. The analysis of the level of decay of an industrial
building is important, because it allows to identify the parts most affected by decay and to intervene promptly with maintenance
and recovery actions, quantifying the costs.

iv. Technological design criteria: it enhances sustainable technological solutions that can be implemented inside and on the facade
of the building body. Depending on the scope and spaces affected by adaptive reuse interventions, sustainable actions are
included in the model as subcategories that can make the building innovative in terms of plants, materials, structure, security
alarm systems and type of facade. This scope contains all the activities that help the realization of a smart and self-sufficient
building. The introduction of modern and technologically advanced plants attracts the client to invest in building recovery
projects. This device controls the urban sprawl and promotes the implementation of policies for the reuse of the existing without
incurring in demolition and new construction actions.

V. Social design criteria: it defines all the figures that intervene in the building transformation process during the phases of planning,
management and realization. The actors, involved in the phases of intervention, are classified in seven scopes, depending on
their role in the building conversion process. The decision making system, at the same time, is complex, because each figure
makes different choices depending on their areas of interest.

Vi. Legal design criteria: it synthesizes the parameters to guarantee building quality, comfort indoor, accessibility and security
services with domotic systems and allows to calculate and consider the times from the building site availability study to the
construction phases. Ensuring the structural safety of the building, the fire resistance, the accessibility of spaces and satisfying
indoor comfort conditions are the goals to achieve in any reuse activity. The transformation process must respect time and cost
agreed at the design stage.

Vii. Political design criteria: this part analyses the urban policies in terms of zoning, with the classification of city areas
characteristics, the national and international laws regarding the landscape protection and urban management, the ecological
footprint and the community impact on the environment, expressed as the amount of land required to sustain the use of natural
resources.

Table 3 defines the seven categories and their macro and micro scopes. The DCS enables to simplify actions for the implementation
of universal procedures for building restoration, and to choose which is the optimum alternative in terms of costs, times, materials and
number of persons involved [Figure 4]. The DCS can be consider as a flexible and adaptable scheme to extrapolate exhaustive strategic
processes of building regeneration.
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Table 3: DCS categories, macro-scopes and micro-scopes identification.

Categories Macro Scopes

Micro scopes

Economic Design Criteria 1. Costs

2. Market influences

1.1 Transport (depending on the
distance and type of vehicle)

1.2 Labor

1.3 Maintenance
Unplanned)

1.4 Reclamation

1.5 Material costs

1.6 Design costs (Project, Structure,
Plants, Building envelope,
Technologies, Furnitures)

(planned or

2.1 Life quality
2.2 Demand
2.3 Supply

2.4 Consumers

Functional design criteria 3. Building flexibility

4. Services/Usage

5. Stakeholders requests

3.1 High, Medium or Low quality

4.1 Cultural (Theatre, Museum, Library,
Student centre, University, Biocentre,
Concert hall, Cinema, etc).

4.2 Residential (Mixed use, Social
housing, Luxury apartments, Student
rooms, Co-housing, etc)

4.3 Religious

4.4 Commercial (shopping centre, Café,
Restaurant, Vertical farm, Supermarket,
etc)

4.5 Office (Work spaces, Hubs, Banks,
Call centre, Smart office, etc)

4.6 Sporty (Stadium, Sport centre,
Playground, Skatepark, etc)

5.1 Comfort indoor

5.2 Life quality

5.3 Building technologies
5.4 Material choice

5.5 Demand/Supply

5.6 Intervention costs
5.7 Consumers

Physical design criteria 6. Building shape and volumes

7. Site conditions

8. Building decay

6.1 Cladding

6.2 Connection
6.3 Subtraction
6.4 Interior design
6.5 Elevation

6.6 Merge

6.7 Addition

7.1 Pollution
7.2 Soil type
7.3 Vegetation

8.1 Envelope (Facade, Roof, Frame)
8.2 Materials
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8.3 Foundations

8.4 Pillars and beams
8.5 Implants

8.6 Walls

8.7 Stairs

Technological Design Criteria

9.

10.

11.

12.

13.

Implants

Envelope/Skin

Structure

Security systems

Innovative materials

9.1 Shielding systems

9.2 Water management

9.3 Photovoltaic system

9.4 Heating and cooling system
9.5 Gas system

9.6 Ventilation system

9.7 Electrical system

10.1 Roof

10.2 Type of glass (Photochromic,
Electrochromic, Thermochromic)

10.3 Shieldings (Brise soleil, Photovoltaic
panels, Shading systems, etc)

10.4 Facade

10.5 Sensors

10.6 Thermal and acoustic insulation

11.1 Thermal and acoustic insulation of
walls

11.2 Thermal and acoustic insulation of
floors

11.3 Foundations

11.4 Vertical connectors

12.1 Smart alarm systems
12.2 Domotic systems
12.3 Cameras

13.1 Corten, Concrete, Metal, Wood,
Copper, Polycarbonate, Glass, etc

Social Design Criteria

14.

15.

16.

17.
18.

19.

20.

Users

Investors
Professional figures

Marketeers
Regulators

Policy makers

Developers

14.1 Local inhabitants, Tourists, Workers,
Citizans, etc

15.1 Professionals, Companies, Banks,
Private associations, etc

16.1 Urban planners, Contractors,
Engineers, Architects, Suppliers, etc

17.1 Agents, Surveyors, etc

18.1 Planners, Local Authorities, Fire
engineers, etc

19.1 State Government Departments,
Local Government Departments, Public
Administration, etc

20.1 Researches, Inventors, etc

Legal Design Criteria

21.

Building quality, safety and
security

21.1 Building security (Alarm system,
Structure efficiency, Plants efficiency, etc)
21.2 Comfort indoor (Thermal insulation,
Air quality, Umidity, Acoustic insulation,
etc)
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21.3 Fire protection

21.4 Accessibility

21.5 Building quality (Structure, Plants,
Technologies, etc)

21.6 Passive surveillance
21.7 Domotic systems

22. Time o . N
22.1 Building site availability
22.2 Building construction
22.3 Project approval
22.4 Maintenance activities

Political Design Criteria 23. Zoning 23.1 Urban masterplan

23.2 Site analysis
23.3 Homogeneous territorial zones

24. Decree and laws 24.1 European rules
24.2 National rules
24.3 Regional rules
24.4 Municipal rules

25. Community support and

ownership
26. Ecological Footprint

Figure 4: Design Criteria System (DCS) radiocentric scheme example.
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5. Conclusion and Future Developments

The process of collecting and classifying data has contributed to the definition of the multicriteria decision support system for building
adaptation. The analysis of the existing calculation methods has uncovered the adaptive reuse models potentials on abandoned building.
The DCS allows, through the application of strategies aimed at the regeneration of decommissioned industrial areas, to activate recovery
actions, managing a huge amount of data and structuring valid strategies for their recovery. This serves to refute the thesis of some
researchers who minimize the reintegration of disused industrial buildings in the urban context, preferring the option of new constructions
to introduce modern function in the urban structure. This study makes the population aware of the economic, social, environmental,
functional and aesthetical advantages that entails the activity of recovery and conversion of the existing, projecting the city towards a
modern conception of space, usable by the modern society.

Although there are many qualifying factors, the concept of adaptive reuse has significant support as a positive strategy to make the
built environment more sustainable. Adaptive reuse enhances the longer-term usefulness of a building and is therefore a more sustainable
option than demolition and rebuilding. Different building types present different values. The reuse of warehouses needs a high level of
attention to detail to be successful. Industrial areas play a valuable role as flexible constructions and can contribute to the city development.
Industrial architecture can be converted into a variety of different functions due to their characteristics.

Future researches will verify the effectiveness of the model, hypothesize a weight calibration system to evaluate each component that
could intervene in the decision making process, expand the DCS data collection system and implement the VARM platform. The Virtual
Adaptive Re-use Multicriteria (V.A.R.M.) will be the final model for the cataloguing, the data management and the selection of universal
adaptive reuse strategies. It will allow to organize the information obtained from the study of decommissioned industrial buildings,
indicating possible sustainable conversion procedures. The result is the definition of guidelines to support design decisions for adaptive
reuse interventions with the aim to organize and manage building regeneration and community integration activities, relating the theme of
built environment, with the enhancement of volumes in disused through the activation of smart recovery policies.
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