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Abstract. This study deals with the allocation of the firms in a large industrial
area of Quarto, a town in the Naples’ district subject to a “Piano di Insediamenti
Industriali” – PIP (Industrial Settlement Masterplan). The main concern of the
Municipality is the fair integration between environmental issues, economic
development and urban identity. Therefore a structured evaluation process, based
on a survey about the company profiles and their geographical location, has been
carried out in order to make the plan meet the needs of the firms, and to select the
best companies to settle in the planned area. A “generative” MAVT pattern has
been designed to outline several layout options and to select the best ones. The
model also includes equalization and compensation elements by whose means it
is possible to determine the extraordinary planning permission fees for the
different areas where the firms are located.

Keywords: Industrial areas · Sustainable land planning · MAVT · Equalization ·
Compensation

1 Introduction

Over the last years many land development projects concerning the location of produc‐
tion activities were made without taking into any account the local social and territorial
features. This often prevented the full achievement of the objectives such proposals were
aiming at, largely crippling the work of the public and private stakeholders involved in
the design and realization of these projects. In Southern Italy this is confirmed by the
numerous IDAs (Industrial Development Areas) that are still empty or largely incom‐
plete because of the failure or lacking of a preventive assessment of the local needs and
opportunities of integration with the territory where they have been placed [1]. This
study deals with the “Piano di Insediamenti Industriali” PIP of Quarto, a town located
in the Flegreo area, Naples District. PIP, which is an industrial area settlement plan, has
identified in its rural territory the areas to allocate as pole of development for the enter‐
prises of the whole district. In this area, the original agricultural use is still prevalent
although it has been gradually replaced by residential and industrial uses as the result
of a slow but inexorable process of urbanization. This urbanization has been a sponta‐
neous and illegal process and, recently, has been accompanied by the construction of
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road infrastructure planned by an “extraordinary” commissioner, thanks to laws and
programmes enacted after the earthquake that damaged the area in 1980. The paper
proposes an innovative intervention approach centred on the features and the real needs
of the connective fabric of the enterprises – that are local and from the whole Flegreo
area as well – and capable of achieving an efficient process of settlement for the enter‐
prises themselves. This approach uses a model which integrates the results of prelimi‐
nary analysis, evaluation, choice and design, for selecting those firms which are more
qualified in kick-start local economy while respecting cultural, environmental, and urban
values.

Quarto’s PIP is a tool for managing the realization of an integrated centre of research
and development, according to the following purposes:

• To promote social-economic development (high level and stability of employment,
quality of work) giving preference to firms that are linked to local economic networks,
cooperatives owned by young people, etc.;

• To protect environmental resources by locating those innovative firms that produce
low-level of pollution and use high-level of information;

• To select compatible enterprises able to activate positive synergies;
• To achieve a functional integration of industrial areas into the urban structure.

The change of land use and accessibility through planning produces the unavoidable
effect of modifying the land market values, at urban level between PIP’s areas and other
urban areas, and at micro-territorial level among areas on which the construction of new
buildings or urban infrastructures is planned. Equalization between landowners is been
widely discussed and two models of equalization are been proposed: “areal” equaliza‐
tion, when the development rights are equals for all lots in an urban area; “extended”
equalization, when the development rights are the same across the entire city. The latter
model can be implemented by means of the Transferable Development Rights (TDRs)
based on the idea that the development right can be separated from a specific parcel and
transferred to another one. The two families of TDRs (zoning-integrative and zoning-
alternative TDRs) have been in use for several decades in U.S. and Europe despite some
criticism [2–5].

The PIP’s drafting constitutes, therefore, the opportunity to reconfigure the flow of
benefits and the equalization of wealth (rent) produced by planning. The flow of benefits
is generated by natural landscapes, low cubage index, etc., and comes from the stock of
local territorial resources and the cost opportunity which must be sustained by the citizens
in the status quo (referring to the lost development of underused areas). The rent is a plus-
value also called betterment, unearned increment or windfall profit [6]. There are two types
of plus-value capture mechanism for financing public works and facilities [7]: direct by
means of taxation and indirect by means of many tools such as developer obligations,
infrastructure levy, impact fee or linkage, developer agreements, incentive zoning, transfer
of development rights [6]. In Italy, many plans have adopted plus-value capture indirect
mechanisms such as compensation, negotiation, or private-public partnership [8–11].

A multicriteria model has been elaborated to help the planning decision process
realize PIP by selecting and locating the enterprises in the area; this model also includes
a model of financial analysis used to base PIP’s sizing on principles of equalization and
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compensation, and consequently to decide which areas should be given to enterprises
and which planning permission regulations should be applied. The fair integration of
subjective (land owners, entrepreneurs, public) and objective (land, identity, environ‐
ment) targets is the general aim of the proposed model.

2 Materials

The PIP’s final draft may be considered as the conclusive phase of the design process
that began many years ago with the preliminary plan, which was an intermediate confir‐
mation of some design solutions and proposed rules, and a tool for the consultation of
the potential users of the plan itself, that identify the motivation for their investment and
entrepreneurial risk in the project quality and in the procedural credibility. In particular,
the preliminary plan highlighted some key issues:

• The relationship with the existing Master Plan and the objective difficulty in inter‐
preting its choices and provisions;

• The demand analysis and the pre-qualification of firms to be located;
• The implementation procedure that, proposing a tool alternative to expropriation,

introduced some basic choices subsequently adopted in the final draft.

PIP comprises a mostly flat area of 50 hectares at the Southwest base of the hills
surrounding the Quarto’s valley (Fig. 1). In this local context, the main infrastructures,
such as the historical railway and the road system, are instrumental for defining the
geographical references and the most important boundaries of the PIP’s area. The North
side of the planned area is delimited by the Circumflegreo railway and the Quarto’s
channel (the latter covered by infrastructures built after the earthquake); the East side is
delimited by the Railway Naples-Rome; the South side is delimited by via Grotta del
Sole (which defines the border with the Pozzuoli municipality); the West side is
delimited by Via Spinelli.

Fig. 1. Modelled view of Quarto’s PIP

The approved Master Plan allocates most part of the territory comprised in the
triangle delimited by the former Quarto’s channel, the railway Napoli-Roma and Via
Grotta del Sole, to the industrial-handicraft use. The plan also identifies several areas
with different functions: Da (existing industrial area), Db (industrial area to be planned),
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Dc (areas for research, programming, testing, and industrial facilities), and Dd (areas
for small firms and handicraft).

PIP can be also considered as an urban redevelopment project that uses the envisaged
new constructions and public spaces to give order to the unregulated spontaneity of the
buildings realized in that area. PIP pursues a set of objectives that can be grouped into
five classes of needs (that are themselves divided into some classes of requirements) on
which the Implementing Technical Standards (ITS) are based (Fig. 2). The classes of
needs are: security, usability, environmental quality, morphological quality and manage‐
ment. The evaluation process that supports the executive project of PIP comprises the
following steps:

• Selection model of the firms basing on the specific features of the companies currently
settled or to be settled, and the requirements of environmental, social and economic
qualification;

• Assessment model of private and public costs and revenues of the investment prop‐
erty for new buildings;

• Equalization and compensation model that guarantees a transparent participation and
redistribution of revenues and costs between public and private stakeholders involved
in the transformation process of the areas.

Fig. 2. Synthesis of the main quantities of PIP (by cubage ratio equal to 2 cm/sqm; cover ratio
equal to 0,3–0,4 sqm/sqm).

3 Methods and Procedures

3.1 Objectives, Data Sources, Information

In the perspective of the actual feasibility of PIP and its adequacy to the stakeholders’
expectations, an innovative solution is proposed, and it is based on the integration
between knowledge, assessment and design through a continuous and constant feedback
between all the different skills involved.

The innovations introduced in the process can be summarized as follows:

• Analysis: study of the PIP’s end-user, by means of the call for the preliminary qual‐
ification of the enterprises aimed at the knowledge of the real demand of localization.
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• Assessment: identification of the economic (private and public conveniences) and
financial (ability to sustain current and future costs) conditions suitable for estab‐
lishing a consortium of firms and a consortium of landowners as well. These consor‐
tiums may become unitary interlocutors able to dialog with the municipality to create
the conditions to have access to the lots and to apply equalization and compensatory
processes to make development and urbanization harmonious.

• Design: dimensioning of lots and public works on the basis of the demand for indus‐
trial land use.

In particular, the analysis of the demand for localization in suitable areas by the firms
of the Flegreo territory is divided into two phases: the first one is developed through a
sample field survey; the second one is carried out by launching a call for the preliminary
qualification of some firms that could be potentially located. The references for this
qualification process are related to the production layout and the used spaces, and the
management and organization profile as well, in order to know the demand for space,
the best organization of space itself, and the demand for facilities for local firms. Infor‐
mation from various sources (such as ISTAT, Chamber of Commerce, trade associa‐
tions, consortia) and from a specific questionnaire is collected in a sheet for each of the
94 companies that have been consulted. The collected data concern: Company name;
Localization; Type of entrepreneur; Type of activity; Company size; Availability to form
consortia; Availability to relocate; Typology of the production process; Standard
working hours; Settlement model (lot geometry and aggregation scheme); spatial organ‐
ization (surfaces, volumes and functions); Agglomeration economies; environmental
monitoring capability; Location with respect to the city centre and to the residential
fabric; Compliance with environmental standards; Job security; Geography of activities,
processing and equipment; Innovation; Development programs; Liquidity (assets and
liabilities in the last three years); Financial autonomy (net assets, fixed assets). For new
enterprises it is also specified: Project validity; Type of initiative; Potential markets;
Employment impact; Environmental impact; Cover expenditure.

The detailed data are translated into scores and made available for the development
in the multidimensional model for analysis and assessment. The model, that could be
also linked to a Gis-Spreadsheets model [12], incorporates economic aspects in order to
activate equalization and compensatory mechanisms by means of which the externalities
due to the development process may be internalized. The most important aspect of this
integration is the correspondence between the extraordinary planning permission fees
and the profile of those enterprises considered the most suitable ones for being located
in a certain area. The more an area is suitable for receiving activities that have the greatest
impacts and the highest profits, the higher the fees (and vice versa). The need for effi‐
ciency, transparency and simplicity of the process of allocation of the areas to firms, and
for integration of quantitative-monetary and qualitative assessments, requires the imple‐
mentation of a multi-criteria evaluation model of MAVT type.
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3.2 The MAVT Approach to Select and Allocate the Enterprises
in a Sustainable Way

MCDA is a field of research which is concerned with the structured evaluation and
support of decision problems with multiple criteria and uncertainty [13]. They are
considered as explicitly subjective decision analytic technique in which value judge‐
ments are obtained and modelled through multi-attribute value and utility functions [14].
The distinction between value and utility functions is that the former incorporate no
notion of risk attitude and thus apply in conditions in which there is no or, more likely,
negligible uncertainty. The latter explicitly acknowledge risk and are suited to decision
making under uncertainty, but require more information from the decision makers. The
multi-attribute value theory (MAVT) (MultiAttribute Value Theory) [13–16] provides
methods to structure and analyse decision problems by means of attribute trees (also
called value trees) and to elicit the relative importance of criteria in this setting. In an
attribute tree, the overall goal or objective is divided hierarchically into lower level
objectives (also called criteria) and measurable attributes (also called lowest level or
leaf criteria). A decision alternative  is evaluated on each attribute, , by means of a
value function . Under the assumption of mutual preferential independence of
attribute, the standard additive aggregation rule can be used [14]. Them the overall value
of an alternative  is evaluated as:

(1)

where  is the number of attribute,  is the weight of attribute  and  is the rating
of an alternative  with respect to attribute . The sum of the weights is normalized to
one and the component value functions  have values between 0 and 1. The weights

 indicate the relative importance of attribute  changing from its worst level to its best
level, compared with the changes in the other attributes [14, 15].

It should be stressed, however, that for a justified implementation of the additive
model some requirements of MAVT concerning the problem under investigation should
be held, especially the preferential independence requirements [14, 15]. MAVT relies
on the assumption that the decision-maker is rational, preferring more value to less value,
and that the decision-maker has perfect knowledge, and is consistent in his judgments.

MAVT can be used to address problems that involve a finite and discrete set of
alternative options that have to be evaluated on the basis of conflicting objectives. For
any given objective, one or more different attributes or criteria, which typically have
different measurement scales, are used to measure the performance in relation to that
objective [14]. MAVT can handle quantitative as well as qualitative data. If quantitative
data are not available, expert judgments can be used to estimate the impacts on a qual‐
itative scale. The intention of MAVT is to construct a means of associating a real number
with each alternative, in order to produce a preference order on the alternatives consistent
with the decision maker value judgments. This function is used to transform the evalu‐
ation of each alternative option on considered attributes into one single value. The alter‐
native with the best value is then pointed out as the best [17]. Following this reasoning,
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it becomes clear that MAVT aggregates the options’ performance across all the criteria
to form an overall assessment and is thus a compensatory technique [18].

The process to be followed to build a MAVT model consists of the following five
fundamental steps [19]:

1. defining and structuring the fundamental objectives and related attributes;
2. identifying alternative options;
3. assessing the scores for each alternative in terms of each criterion;
4. modeling preferences and value trade-offs: elicitation of value functions associated

with objectives and attributes and assessment of their weights;
5. ranking of the alternatives: a total score is calculated for each alternative by applying

a value function to all criteria scores.

In the development of a MAVT model is importance to express the perceived values
on the impact that the options under consideration can have. The perceived values can
be used to measure the relative worthiness of each impact of options. The preferences
can be modeling by constructing a value function, that is a mathematical representation
of human judgments on the considered options. The value functions are an analytical
description of the value system of the individuals involved in the decision and aim at
capturing the human judgments involved in the evaluation of alternatives. In particular,
a value function translates the performances of the alternatives into a value score, which
represents the degree to which a decision objective (or multiple decision objectives) is
achieved. The value is a dimensionless score: a value of 1 indicates the best available
performance and a high objective achievement, while a value of 0 indicates the worst
performance and a low objective achievement. The decision makers don’t express their
preferences and values by using a similar dimensionless score from 1 at 0, and then the
value functions have to be estimated through a specially designed interviewing process
for them. A focused interviewing process to extract the preferences and values of deci‐
sion makers can be used to identify the relevant judgments for the decision. The gener‐
ated relevant judgments can be organized and represented analytically in to support the
MAVT model. In this regard, the generating process of the values functions can be
considered as an approximate representation of human judgments that have been iden‐
tified in the interviewing process.

In literature many approaches define the value functions [20]: direct rating technique
[15]; curve fitting; bisection; standard differences; parameter estimation; semantic judg‐
ment. About the weighting criteria, the literature proposes many different methods. It
has been generally agreed that the meaning and the validity of these criteria weights are
crucial in order to avoid improper use of MCDM models and the procedures for deriving
criteria weights should not be independent of the manner they are used [21–23].

In the MAVT approach, the weights in the additive model are scaling constants,
which allow marginal value functions to take on values in the same interval. Weights
or scaling constants can be estimated using several techniques. There are two broad
categories of weights, namely numerical estimation and indifference weights [15].
Ranking, direct rating, ratio estimation and swing weights belong to the numerical
assessment category while the trade-off method comes under the indifference judgment
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category. This study uses the direct technique rating for the determination of the value
functions and the swing-weights technique for the weights.

3.3 Equalization and Compensation

PIP’s profitability and financial sustainability are appraised from the point of view of:
equalization of advantages gained by the PIP’s lots - it is achieved establishing that the
increasing differential rent should be fairly redistributed among all landowners -;
compensation of territorial and environmental costs sustained by the citizens due to the
development projects, transferring to the municipality a part of the gained over-profit
converted in extraordinary permission fees. Consequently the quantitative and qualita‐
tive PIP’s profile is based on the possibility of producing wealth to be transferred and
redistributed on the base of contribution from involved stakeholders that are:

• The Municipality, with regard to its capacity to provide a framework;
• Landowners, with regard to willingness to make land available at the price fixed by

Consortium;
• Enterprises, with regard to their capacity to create real wealth by their participation

to a unitary district.

To undertake such an action, it is assumed that PIP could be implemented by a
Consortium of landowners (supported and facilitated by the Municipality) for the unitary
management of the areas that will be partly transformed and partly transferring to the
Municipality for the construction of public works. Each landowner participates in the
Consortium’s profits according to the value (quantity and quality) of its land involved
in the development project.

The Consortium has the faculty to: bargain over the price for the use of the areas by
enterprises to be located, with respect to the objectives of maximization of rent and
protection and development of property; dispose of a significant share of lands, also by
hire purchase with or without option to buy; contribute to the protection of environmental
values by means of a more direct control of the land use.

As the economic surplus over the total cost depends on both the size of the trans‐
formed area and the permitted cubage ratio, these two quantities can be assumed as the
core of the negotiation, and as a tool for supporting the development of the area from
both a private and a public perspective. Extraordinary permission fees are therefore
calculated by balancing technical feasibility and private profitability through a fair return
of the resources provided by the entrepreneurs. The permission fees are supposed to be
paid in advance – in cash or by the realization of public facilities – when the use value
of the areas becomes effective and the state of affairs is actually modified, or are quan‐
tified in terms of future management of public facilities by discounting the cash flow.
Consequently, they constitute one of the anticipated revenues from financial capital that
are taken into account in the model. The size of the extraordinary permission fees results
from the integration of feasibility and fairness. Feasibility concerns the appropriate
income for each asset; fairness depends on the self-financing ratio of the plan, which is
the quota of public cost covered by the extraordinary permission fees.
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The PIP’s area is divided in three sectors, and for each of them a public (Municipality)
and private (the landowners’ consortium) financial feasibility analysis has been carried
out comparing total costs, revenues, ordinary and extraordinary permission fees, and
profits [24]. Given the demand for PIP areas as a result of the demand analysis, a specific
application of the “transformation value” (extraction method) has been carried out
starting from the basic formula (2) where the extraordinary permission fees are
expressed. The normal profit can be assumed as a quota of the total investment (3) and
the normal global profit rate as the sum of the weighted average cost of the capital paid
in advance and the premium for risk and organization (4), so that the permission fees
can be easily calculated (5). Furthermore, as required by the equalization process, for
each sector the appropriate cubage rate is calculated (6).

(2)

(3)

(4)

(5)

(6)

Where:  is the current real estate value of the total private developable area
comprised in the sector;  is the value of the private property at the end of the devel‐
opment process;  is the building cost including ordinary permission fees;  indicates
the extraordinary permission fees;  is the global profit rate for each loan term;  is the
weighted average cost of capital;  is the annual profit rate for the promoter’s risk and
organization;  is the loan term (years);  is the cubage ratio;  is the weighed average
height of the buildings included in the sector;  is the area where the development is
permitted;  is the weighted average market price of the buildings included in the sector;
 is the weighted average unit cost of the buildings included in the sector.

4 Applications and Results

4.1 The Allocation of the Areas to the Firms

The decision maker’s overall aim is to achieve the best PIP layout from the perspectives
of economic development, environmental sustainability, land and urban identity. As a
consequence, the firms have been selected according to economic, environmental and
urban features, while the areas have been allocated to them by applying the evaluation
model shown in Fig. 3.
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Criteria Sub-criteria Indicators 
Economy Market Market strength
  Innovation attitude

 Capital Liquidity

  Financial independence
Environment Natural environment Adaptability to environmental regulation  
  Accessibility to the urban scale
 Artificial environment Compatibility of location 1
  Compatibility of location 2
 Human environment Impact on employment
  Health and safety at work
Social system Participation Permission fees
 Agglomeration Size of the requested area

 Landscape Volume of buildings

Fig. 3. Evaluation model for allocating areas to firms

Figure 4 presents the results of the assessment and allocation process, and the
comparison between two different modes of allocating the areas according to: profile of
each sector; characteristics of the selected firms; criterion for the selection of the firms
(a score-threshold that is explained below).

The features of the three sectors are outlined by three different weight lists; the 94
firms can be selected by means of their physical size (left) or overall quality based on
their attributes (right); the sum of the requested settlement areas must be smaller than
the permitted area within each sector (first three columns of the two parts). The coloured
cells indicate where the firm is located (sector 1, 2 or 3) and the two blocks of the table
show the comparison between the two different selection modes.

The other three groups of columns report the quality scores from the three perspec‐
tives (economy, environment, social system) and for each sector. The shade of the cells
allows us to compare the values in the cells of the same column (the darker, the higher),
so that the table provides an overall diagram of the position and qualification of the
firms.

The selection by size allocates the smaller firms in Sector 1, the medium ones in
Sector 2 and the larger ones in Sector 3, according to the sizes of the sectors themselves.
The selection by attributes is carried out establishing, for each group of attributes, a
score-threshold above which firms are allowed, and below which they are rejected; this
type of selection allows the decision makers to assign the firms to the sectors to which
they are best suited.

The pattern allows many in-depth analyses useful to assess the overall profile of the
strategies that can be generated by changing the weights recursively, in order to identify
the best overall layout, fitting tactic (valuation of a single firm) and strategic (valuation
of the overall layout of each sector) approaches as well.
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4.2 Results of the Equalization and Compensation Process

The calculation of the extraordinary fees requested for planning permissions in the
different PIP’s areas is carried out counterbalancing revenues and costs, both private
and public, as shown in the summary tables (Fig. 5).

The costs included in the private budget are: cost of construction; cost for the land‐
scaping of the external areas, general expenses, taxes (VAT), cost opportunity of the
existing areas and buildings (expressed by their current market price); ordinary permis‐
sion fees (Article 3 of Law 10/1977); extraordinary permission fees that are equal to
potential extra-profits. The private revenues consist of the increases of the real estate
value involved in the PIP’s transformation process, and the capital value of flows of
income coming from the possible private management of public works. The entrepre‐
neur’s profit (Consortium of landowners) constitutes the condition for the PIP’s feasi‐
bility, comprises the remuneration for the anticipations, for the organization of the
process, and for business risk, and is diversified relating to the profit rate of equity

Fig. 4. Allocation of the areas of each sector by volumes (left) and attributes (right)
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(including areas and buildings conferred to the Consortium) and capital of debt; the
profit rate is the WACC.

In the public budget the costs comprise: potential indemnity of expropriation; costs
for the landscaping of the areas; costs of construction; general expenses and taxes. The
public revenues are ordinary and extraordinary permission fees.

Public and private budgets are made for each area for the status quo and for a basic
project, which has invariant and variable (morphogenetic) features [25], assuming a mix
of functions and uses.

Once a profit rate is determined, the budgets allow the calculation of the possible
entity of the extra-profits. If the budget has a deficit, the morphogenetic features of the
project are changed modifying cubature and land use according to cubature limits,

Costs Land and existing buildings 747.830€          Costs Construction 2.795.060€     
Construction 11.291.810€     Other costs 279.400€        
Other costs 1.128.970€       total costs 3.074.460€     
Ordinary permission fee 240.150€          
Extraordinary permission fee 406.970€          

total costs 13.815.730€     
Revenues Real estate market values 17.127.780€     Revenues Ordinary permission fee 240.150€        

Management of public works -€                  Extraordinary permission fee 406.970€        
Profit 24% 3.312.040€       total revenues 647.120€        
Indexes Net value 3.312.040€       Indexes Net value 2.427.340-€     

Extraordinary permission
fee (equal to extra-profit) 406.970 %0,12deicnanifstsoccilbup%€

Costs Land and existing buildings 1.062.870€       Costs Construction 3.140.570€     
039.885.12noitcurtsnoC 010.413stsocrehtO€ €        
097.851.2stsocrehtO €       total costs 3.454.580€     

Ordinary permission fee 385.280€          
Extraordinary permission fee 1.117.100€       

total costs 26.312.970€     
Revenues Real estate market values 32.689.140€     Revenues Ordinary permission fee 385.280€        

Management of public works -€                  Extraordinary permission fee 1.117.100€     
081.673.6%42tiforP €       total revenues 1.502.380€     
081.673.6eulavteNsexednI 002.259.1eulavteNsexednI€ -€     

Extraordinary permission
fee (equal to extra-profit) 1.117.100 %5,34deicnanifstsoccilbup%€

Costs Land and existing buildings 2.371.050€       Costs Construction 12.250.870€   
006.408.14noitcurtsnoC 040.522.1stsocrehtO€ €     
027.081.4stsocrehtO €       total costs 13.475.910€   

Ordinary permission fee 855.770€          
Extraordinary permission fee 2.045.690€       

total costs 51.257.830€     
Revenues Real estate market values 63.621.810€     Revenues Ordinary permission fee 855.770€        

Management of public works -€                  Extraordinary permission fee 2.045.690€     
089.363.21%42tiforP €     total revenues 2.901.460€     
089.363.21eulavteNsexednI 054.475.01eulavteNsexednI€ -€   

Extraordinary permission
fee (equal to extra-profit) 2.045.690 %5,12deicnanifstsoccilbup%€

002.250.22eulavteNsexednI 099.359.41eulavteNsexednI€ -€   
Extraordinary permission
fee (equal to extra-profit) 3.569.760 %2,52deicnanifstsoccilbup%€

teehSecnalaBcilbuPteehSecnalaBetavirP
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Fig. 5. Summary tables of private and public balance by sector

Total costs % 
financied Total costs % 

financied Total costs % 
financied Total costs % 

financied
Sector 1 785.010€       83% 495.800€        0% 754.030€        0% 1.038.080€     0%
Sector 2 108.460€       100% 790.180€        100% 1.322.130€     46% 1.234.330€     0%
Sector 3 2.448.010€    100% 1.647.500€     28% 5.804.980€     0% 3.579.050€     0%
Total 3.341.480€    96% 2.933.480€     42% 7.881.140€     8% 5.851.460€     0%

Green areas Parking lots Public facilities Urban infrastructures

Fig. 6. Public works financed by means of extraordinary permission fees
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planning standards, morphological quality, and historical or environmental constrains.
The process of adjustment of the features of a project is iterative and stops when the
private budget provides those extra-profits that, turned into extraordinary permission
fees, can finance significant quotas of public works (Figs. 6 and 7).
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Green areas 
Parking lots 

Public facilities 

Urban infrastructures 

Sector 1 

Sector 2 Sector 3 

Fig. 7. Public works financed by means of extraordinary permission fees

5 Discussions and Conclusions

Evaluation of the Strategies. Combining the procedures of selection (by volume or
attributes) and the preference systems by criteria it is possible to verify the best allocation
of the areas to the enterprises, which is the best location of the enterprises in the three
sectors as well. The exemplification in Fig. 8 synthesizes the evaluation of the two
formerly explained layouts, and shows the weights of the criteria by each sector (bar
histograms) and the general evaluation of each sector from the point of view of the three
fundamental criteria (economy, environment, and social system).

When the selection is made by volumes (on top), the features of the enterprises that
are located in the three sectors provide a global value lower than the one obtained by
selecting the enterprises by attributes (at the bottom), where the global value for the
sectors 2 and 3 is significantly higher, while we observe a slight lowering of the value
of the sector 1. This difference of evaluation depends on the system of weights that, as
shown in the second procedure of selection (diagrams at the bottom), allows to fully
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appreciate the environmental performances of the enterprises located in the sector 2 and
the social-systemic performances of the ones located in the sector 3.

Sensitivity Analysis. The process can be reiterated until the solution that maximises the
total value is achieved. Figures 9 shows 10 iterations that allow the individuation of the
best arrangement modifying the weights and the thresholds for selecting the firms.

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

settled firms total 
value

st
ra

te
gy

tre
sh

ol
d 

1

tre
sh

ol
d 

2valuations
economy environment social-system

weights
environment social-systemeconomy

1 25% 5% 5% 12% 25% 5% 5% 5% 25% 1,0 6,6 5,9 0,2 8,7 5,7 7,1 5,8 5,7 30 40 118 5,2 1,5 4,5

2 25% 12% 10% 5% 20% 5% 12% 5% 22% 0,4 6,6 5,7 0,3 8,7 6,1 6,2 6,1 6,0 22 40 126 5,1 1,2 4,5

3 5% 25% 5% 5% 12% 25% 25% 5% 5% 0,1 8,0 4,5 0,0 6,7 6,0 5,5 5,9 6,0 12 54 122 4,8 1,5 4,5

4 7% 19% 8% 12% 14% 16% 18% 8% 12% 0,1 7,4 5,6 0,4 7,9 5,9 6,3 5,3 5,9 22 42 124 5,0 1,5 4,2

5 19% 8% 7% 14% 16% 12% 8% 12% 18% 0,7 7,3 6,0 0,2 8,5 5,6 7,1 5,4 5,8 30 40 118 5,2 1,5 4,0

6 8% 7% 19% 16% 12% 14% 12% 18% 8% 0,4 7,6 5,7 0,2 8,5 5,7 7,1 6,4 5,6 30 36 122 5,2 1,5 3,5

7 10% 21% 8% 8% 12% 16% 19% 8% 12% 0,2 7,1 5,3 0,0 7,7 6,4 5,9 6,7 5,7 16 50 122 5,0 1,5 4,2

8 21% 8% 10% 12% 16% 8% 8% 12% 19% 0,8 7,7 5,7 0,1 8,6 5,6 7,4 5,4 5,9 30 40 118 5,2 1,5 4,2

9 8% 10% 21% 16% 8% 12% 12% 19% 8% 0,4 6,8 5,2 0,2 7,2 5,0 7,1 7,2 5,4 30 68 90 4,9 1,5 3,0

10 13% 13% 13% 13% 13% 13% 13% 13% 13% 0,2 6,7 5,5 0,3 7,8 6,0 6,2 5,9 6,0 22 56 110 4,9 1,5 3,5

Fig. 9. Valuation of different strategies

The iterations indicate a set of strategies (1, 5, 6 and 8) that maximize the total value.
The procedure can be repeated until the configuration that maximizes the total value is
achieved. The graphs in Fig. 10 show the partial values and, more generally, the strong
prevalence of the values of the sectors 2 and 3 in each iteration. In this regard, the
different dimension of the areas affects the selection model, because the sector 1 is much
smaller than the other ones and, therefore, it is less likely that firms with an elevated
score can be selected. This constitutes a limit of the proposed model and represents a
new starting point for further study.

Fig. 8. Weight of criteria and global evaluation by sector and by layout (Color figure online)
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