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Abstract: The European Green Deal indicates the renovation of both public and private buildings as a
key element for the improvement of energy efficiency in the building stock, in order to reach the goals
of the document itself. New incentives, also including density bonus, can significantly contribute
to foster diffuse actions. In Italy, the density bonus is under testing: the current framework has
produced profitability for regeneration in some areas and unprofitability in others. This has led to a
non-diffuse renewal, widening differences in richness and quality throughout territories subjected to
the same reward measure. A territory is characterized by a high degree of typological and qualitative
fragmentation and dissimilarity. Thus, the aim of the present work is the construction of a model that
allows for identifying the entity of the reward measure in terms of density bonus. Density bonus can
determine the feasibility of renovation interventions—in economic-financial terms and in relation to
urban impact—taking into account the characteristics of the context (or micro-context) where they
are performed. The research model is based on a Balance Sheet Model and is applied to the city of
Florence. The model suggests an innovative approach where urban, landscape and environmental
impacts produced by the density bonus are evaluated according to the economic amount needed for
their mitigation. The expected results in the application of the model consist in the definition of an
iso-bonus map organized by areas.

Keywords: density bonus; building renovation; green deal; soil consumption; building stock

1. Introduction

The goals that the European Union (EU) aims to reach by 2050, thanks to the action plan
named the “Green Deal”, include the elimination of greenhouse gases and the dissociation
of economic growth from the use of natural resources [1].

The European Green Deal attributes a strong relevance to the theme of renovation
in public and private buildings (intended both as the so-called heavy refurbishment, that
is, interventions aimed at transforming building through a systematic set of works that
can lead to a building wholly or partly different from the previous one and as demolition
and reconstruction of buildings), as they represent one of the major sources of energy
consumption in Europe. They are responsible for about 40% of the EU’s total energy
consumption and for 36% of its greenhouse gas emissions [2].

In order to pursue the dual purpose of energy saving and economic growth, in 2020,
the Commission published a new strategy to promote the building stock renovation, named
“A Renovation Wave for Europe—Greening our buildings, creating jobs, improving lives”
(a strategy synthetically named “Building Renovation”), which is being followed by several
projects and programs with the aim of doubling the average European regenerative trend
that nowadays (2021) is around 1% per year [3].

Hence, the renovation of both public and private buildings represents an essential
action and a key initiative to promote energy efficiency in the building sector and to reach
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the goals established by the Green Deal [3] itself, also in the perspective of reducing land
consumption [4].

Among 260 million building units in Europe [5], around 75% of the stock [5] cannot
be considered energy efficient, whereas an efficient building is considered as such when
at least 50% of the thermal and electric energy demand comes from renewable sources
(Directive 2018/844/EU). The strong need for building stock renovation in Europe can be
better understood by considering that 85–95% of the buildings that exist today will still be
standing in 2050 [5].

In addition to energy needs, building stock renovation can find impulses from changes
in individuals’ habits and customs. The existing building stock, in some cases, has become
outdated and should therefore be adapted to new living needs; as many studies highlight [6–9],
this process has strongly sped up in the last 2 years due to the SARS-COV-2 pandemic.

Regardless of this last aspect, the data related to the energy issue already show
the importance of activating policies to implement the European Green Deal and the
plans related to the Building Renovation in each Member State. Initiatives and tools that
encourage the renovation of the existing building stock must therefore be planned.

The above highlights some issues related to the distribution modalities of public
funding measures in support of renovation interventions and to the usage of other incentive
measures, including new special urban planning tools (which originated in the 1980s, such
as Urban Pilot Project, Urban and Urbact) and density bonus or tax reliefs to be arranged
in combined ways, as well [10–12]. Despite the notable number of resources employed by
the EU in the Next Generation EU [4] in support of the initiatives for the renovation of the
European building stock, the ambitious goal to renovate 2% of the existing building stock
per year needs to account for further incentive measures to encourage building renovation
in parallel with direct public fundings.

Throughout the last 30 years in Europe, these experiences with new special urban
planning tools have led Member States to develop similar regular planning tools within
their legislative frameworks [13,14], aimed at “creating wealth from nothing”, mainly in
the form of simplified derogations from territorial planning previsions in force [15,16].
However, new urban planning tools appear to be unsuitable for an expeditious building-
scale renovation. These tools are indeed enacted in the same way as territorial planning
programs, whose actuation requires larger time frames [16].

Density bonus and tax reliefs may instead produce positive impulses on building
renovations in a short period of time. Density bonus is the object of the analysis carried
out in the present work. Density bonus consists of the attribution of a building right that
is higher than the existent one to real estate; such a building right, assigned as a result of
the action of a building renovation, can be used to transform the building by expanding it
(the expansion can be in surface or volume), or, in some cases, it can be converted into a
“credit” to be used on another site. This incentive practice (also called gross floor area or
GFA concession) is widely used in the United States of America, Brazil, Japan, Hong Kong,
Singapore, France and Italy [17–20].

Italy has been one of the first EU countries to introduce direct incentives, such as
density bonus through building right rewards for renovation, diffusely in several Italian
regions [14]. However, the attribution of the incentive has apparently been “standardized”
on the territory, according to a common pattern (generally, a percentage increase in addition
to the possibility to derogate from intended uses). In other words, the determination of the
bonus does not consider the specific characteristics of each single area and the economic
differences between renovation interventions on the building stock from area to area.

This has made renovation interventions profitable in some areas and unprofitable in
others, leading to a non-diffuse renovation that has increased the gap between territories.

The integration between direct public funding from Europe (in addition to the eco-
nomic support deployed by Member States), with incentives such as density bonus, can
be useful and crucial to increase the scope and the effectiveness of building renovation
plans. At the same time, density bonus must be balanced and evaluated according to the
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specific characteristics of the different territories where it is applied, in order to expand
and equalize the potential for renovation on the existing building stock. With reference
to the specific Italian context analyzed in the present study, this also matches Mission 2,
Component 3 of PNRR (Piano Nazionale di Ripresa e Resilienza, Italian Recovery and
Resilience Plan), named “Energy Efficiency and Building Renovation”. In fact, this measure
can contribute to the results established in M2C3.2, dedicated to energy renovation and
seismic retrofitting of the building stock, concurrently with the objective of encouraging
local investments [21].

Nonetheless, the present article will not discuss the repartition of direct public funding
deriving from the measures enacted by the EU and their integration with incentives.
Instead, it will focus on the mechanisms of equalized regulation through density bonus for
building stock renovation. In fact, density bonus can contribute to the achievement of the
objectives of the European Green Deal, specifically connected with the renovation of the
existing building stock.

This contribution is part of the research activity concerning the study of models and
techniques for evaluation within the decision-making processes aimed at defining policies,
strategies and strategic measures for urban regeneration and construction. In Italy, this
research field is included in the academic scientific disciplinary sector, named “ICAR22”,
related to Real Estate Appraisal and Evaluation in Civil Engineering and Architecture. The
following paragraphs present the results of research activities on the specific measures
involving density bonus in regional and local frameworks (in Italy). This precedes the
proposal of an appraisal model, designed to support the planning and regulation of
renovation processes on the building stock under the jurisdiction of regional and local
administrations. In fact, incentives such as density bonus are subjected to the legislation
of regional or even local administrations, as they belong to the field of urban planning,
which is under the competence of these levels of government in most European Member
States [22].

Since a renovation intervention on a building represents a productive activity, the
determination of its feasibility follows the business rules of financial and economic balance.

The specific objective of this work is to research, structure, test and validate evaluation
tools in order to define policies encouraging urban regeneration through the preparation
of sustainable strategic measures. Hence, the operational goal is the construction of an
Economic Balance Sheet Model [23–28], aimed to find density bonus to make a renovation
intervention feasible, excluding burden increases for the owner/tenant.

In order to test the operational capability of the proposed model, the experiment
took place in a part of the territory of the Tuscany region in Italy, coinciding with the
Municipality Area of the city of Florence.

The application of the methodology allows for the definition of an iso-bonus map,
in order to support the choices of regional and local administration on legislative and
regulative actions and territorial planning concerning the renovation of the existing build-
ing stock.

The main effect of the application of the Economic Balance Sheet Model consists of
the possibility to control the increases in building interventions. This is crucial in a city like
Florence, whose historical center is a UNESCO site (World Heritage List), in order to limit
the phenomena of uncontrolled building expansion. In fact, this possibility is circumscribed
only to cases where a financial impulse is needed to stimulate the renovation.

Considering the huge need for building renovation in Europe, density bonus repre-
sents a valid opportunity for many Member States, and therefore the study of the Italian
case. The results of this work can be considered for a wider use at the community level,
based on the obtained results.
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2. Materials and Methods
2.1. Entity and Preconditions of Building Renovation

In order to understand the entity of the issue related to the renovation of building
stock in the European Union, it is useful to present some data obtained from a review of
the scientific literature. These data are related to: (i) the current condition of the existing
European building stock [4]; (ii) the need of energy savings; and (iii) the need to avoid land
consumption. Subsequently, the paper will analyze what these involve and how to act.

2.1.1. Current Condition of the Existing European Building Stock

In EU Member States, despite the total number of 260 million building units (for 446
million people), Eurostat data [4] still record a significant overpopulation rate for 17.2%
of European people, which shows a decreasing trend, if compared to 19.1% in 2010. Yet,
33% of the population in the European community lives in “under-occupancy”, with a
stable trend since 2010. Additional Eurostat data also highlight significant percentages
related to technical-qualitative deficiencies in the building stock of EU Member States: 6.9%
of buildings have serious deficiencies that do not allow heating during winter; 1.6% lack
sanitary systems; and finally, as many as 12.7% present serious technical and structural
problems on the roof. These data reveal an urgent need for renovation for no less than
30 million building units; this number is compounded by other minor urgencies that need
to be solved by the end of the next decade.

This theme has a significantly wide scope, and two general rules for renovation can be
obtained from the scientific literature: (1) environmental sustainability of buildings aimed
at energy saving [29–31]; and (2) land saving [32–35].

2.1.2. Energy Savings

Following the directive on the energy performance of buildings (Directive 2010/31/EU),
which was changed in 2018 (Directive 2018/844/EU) conjunctly with the directive on
energy efficiency (Directive 2018/2002/EU), the EU aims to promote the realization of an
energy-efficient and decarbonized building stock in each Member State by 2050. This will
achieve the goals of energy efficiency, such as the reduction of CO2 emissions in EU by a
percentage between 80% and 95% compared to 1990.

This directive has introduced long-term strategies for building stock renovation:

• The elaboration of a long-term strategy in each Member State, aimed to support the
renovation of national, public and private buildings in order to achieve a decarbonized,
highly energy-efficient building stock by 2050;

• The acceleration of the transformation of existing buildings into nearly zero-energy
buildings by 2050, and the imposition of the nearly-zero energy requirement for all
new constructions starting from 2021;

• The support for upgrading all buildings through smart technologies.

This context leads, in October 2020, to the adoption of the new, abovementioned
strategy aimed to boost building renovation, named “A Renovation Wave for Europe—
Greening our buildings, creating jobs, improving lives” (COM(2020)0662). Its objective is
to at least double the annual energy renovation rate in the following 10 years, ensuring an
improvement in energy and resource efficiency. This initiative is based on the measures
agreed within the “Clean energy for all Europeans” package and includes demanding each
Member State to publish a long-term building renovation strategy. Moreover, it outlines
the key aspects of integrated national plans concerning the building sector, in relation to
energy and climate.

2.1.3. Saving Soil

An additional transversal item is the zero-consumption objective, already established
in 2006 with the “Thematic Strategy for Soil Protection” [36], then recalled in 2011 with the
“Roadmap to a Resource Efficient Europe” [37], which proposes the goal of a net-zero land
take rate in Europe by 2050, and was, finally, further reinforced by the European Parliament
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in 2013 with the approval of the “7th Environment Action Program” [38]. According
to these documents, the objective of reducing soil consumption requires enacting good
practices to mitigate the negative effects of land consumption and its most evident and
irreversible manifestation: soil sealing.

The Commission deemed it appropriate to indicate action priorities and modalities to
reach this objective and, in 2012, published the guidelines to “limit, mitigate or compensate
soil sealing” [39]. The approach, indicated for the reduction of soil consumption and of its
impacts, consists of the implementation of policies and actions aimed at limiting, mitigating
and compensating soil sealing, to be defined in detail by the Member States.

In 2015, the UN Sustainable Development Agenda [40] defined the Sustainable Devel-
opment Goals (SDGs) and indicated, among the others, some targets of particular interest
for territory and soil, to be integrated in short-term and long-term national programs to
reach by 2030:

• Ensure that land consumption does not exceed demographic growth (indicator 11.3.1);
• Provide universal access to safe, inclusive and accessible, green and public spaces;
• Reach a land degradation neutral world, as an essential item to maintain the functions

and services of the ecosystem (indicator SDG 15.3.1).

Through the subscription to the Agenda, all states, including Italy, have accepted to
monitor the objectives. These include specific ones on soil consumption, land use and
land degradation.

2.1.4. How to Act

It is now a widespread notion that the objectives of energy saving and soil protection,
diffusely shared throughout the community, impose a limitation to the use of new land, di-
recting the future development of urbanized territories toward the regeneration of existing
urbanized spaces (infrastructures and building stock) [41–44]. Hence, the transformation
processes of the urban space must be preferentially planned by performing actions on
existing spaces, filling the gap between the existing building stock and new needs. This
also includes interventions of densification that allow for creating new functions within
the “built” city, ensuring that the demand for new infrastructure services is controlled.

As the analysis of the preconditions of building renovation sheds light on the strategic
and structural dimension of the community policies aimed at the renovation of the existing
building stock, the funding modalities of these renewal processes deserve a particular interest.

In the EU, there are 3 funding modalities for building stock renovation: (1) direct public
funding through direct payment; (2) indirect public funding through tax incentives, mainly
related to the achievement of results concerning energy and seismic safety; and (3) density
bonus. These forms of renovation incentives can occur separately or also conjunctly.

The present work explores the theme of density bonus, for which Italy can represent
an experimental workshop that the other Member States can draw benefits from.

2.2. Density Bonus: Overview and Focus on the Italian Case

Density bonus is an approach, used primarily in the United States but also in other
countries, aimed at encouraging urban regeneration. In particular, the density bonus allows
a real estate developer or a real estate owner to increase building rights on a site as a reward
for funding or for the achievement of public policy objectives.

Some significant experiences with density bonus have been implemented in the United
States of America. This tool was born in New York in 1961 and was used to improve the
quality of public spaces through premium concessions related to the improvement of public
spaces (initially 3 square feet, later increased to 10 of building bonus for every 1 square
foot of improvement of public spaces). By 2000, density bonus allowed for redeveloping
in more than 500 public spaces in Manhattan. Density bonus is widely applied in the
USA, including established practices in California, Maryland, Boston, Washington and
Miami [45].
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In São Paulo, Brazil, a similar approach was pioneered with the “outorga onerosa”
program, which offered property owners the assignation of a co-construction bonus up to
20% of the existing building volume if they made a predetermined cash contribution to a
public works improvement [46].

Hong Kong has promoted density bonus since 1994 to promote intensive development
at transport nodes. In particular, density bonus has been offered in exchange for certain
public goods. The idea is to leverage on private investments to realize infrastructures
that are intended to facilitate pedestrian movement from underground stations to the
ground level, while also enhancing the travel experience and providing public open space
amenities [47].

In Japan, density bonus has been implemented in Nagoya, Osaka and Tokyo. A
bonus floor area is granted for buildings that meet a certain energy efficiency standard as
measured by the Japanese “CASBEE” rating (equivalent of the USA’s LEED system) [13].

In Singapore, among the various incentives contemplated in urban planning, density
bonus is allowed if the project achieves certain standards. Specifically, the density bonus
is related to the construction of condominium recreation areas, the conversion of excess
parking to new uses, Green Mark certification, underground pedestrian col-links (which
are also subject to a cash grant) and even the construction of landscaped terraces [47].

In France, the density bonus was regulated as part of the energy sector legislation of
July 2005. Municipalities were allowed to grant a density bonus of up to 20% to promote
sustainable construction and energy efficiency [17].

Italy can be considered, together with France, a pilot State in the EU, concerning
the definition of strategies for the reduction of land consumption, based on densification
processes as an incentive for urban regeneration (density bonus) [14].

Unlike Member States where regeneration processes are based on direct public fund-
ing, Italy has modeled the scenario for ongoing experimentation on indirect public funding:
tax incentives—mainly related to the achievement of results in energy efficiency and seismic
safety—and density bonus.

As of today (2021), in Italy, density bonus is determined in relation to the analysis
of the urban destination; generally, the density bonus is applicable in urbanized areas or
in areas designated for urbanization but not in an agricultural area. The density bonus
is indistinctly defined as a percentage (generally between 20% and 30%) that does not
consider the different typologies of territories. Moreover, these percentage increases should
be sustained by the existing infrastructural network, but no detailed assessment is generally
implemented in this regard [14,48].

The first experiences of “standardized” density bonus incentives have led to desultory
renovation actions across the territory, concentrated in areas that showed more favorable
conditions in terms of market appeal, while areas with less economic attractivity have been
hardly affected by interventions. Even though there is not an explicit national regulation
on renovation incentives, in some regions, specific regulations have been enacted in order
to “reward” renovation interventions on the building stock. This category of interventions
is constituted by “heavy refurbishment” and “demolition and reconstruction”. As of today
(2021), 5 Italian regions have officially introduced density bonus for renovation, defining a
parameter of maximum reward (in particular, the approach of the Tuscany region delegates
the articulation of reward plans to urban planning tools). Emilia Romagna, Liguria and
Campania, despite laying provisions for renovation interventions, do not use reward
measures to support them, assigning instead other typologies of incentives, such as the
reduction of concession fees (also included in the legislation of some of the regions that
have introduced rewards). In the other regions, the topic of renovation is still tied to urban
planning processes, without incorporating private interventions.

The density bonus enacted by several Italian regions has a foundation in the principle
according to which, if a renovation intervention is not performed by a public administration
nor supported by direct funding, it must be compatible not only with the conditions of
urban development, but also with principles of economic-financial feasibility. Hence, this
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work proposes an original approach for the determination of density bonus. This approach
considers a renovation intervention without public funding as a real estate initiative,
subjected to the parameters for ordinary market investments, not only to the analysis of
the compatibility with urban infrastructural supply.

The first applications of this policy have produced very limited effects on direct
building renovation [49]. Following the analysis of the results in the main Italian cities
(Rome and Milan), it has emerged that renovation interventions have been carried out
mostly in qualified urban areas [50,51]. In fact, density bonus can be evaluated as the
discounting of property incomes: in these areas, their value is sufficiently high to motivate
the execution of renovation interventions; in other areas, where market appeal is lower, the
entity of the bonus does not constitute a sufficient driving force, as it does not guarantee
suitable incomes in relation to the risk.

For this reason, the success of renovation interventions, aside from the assessment
of the impact on the urban context, on landscape and environment, can depend on the
entity of incentives and thus, in particular if there is no direct funding, of the density
bonus [52–55]. Following this reflection, if density bonus is deemed useful for renovation,
determining their entity to satisfy the economic balance for the regeneration action results
in being an important element.

2.3. Economic Balance Sheet Model

It should be noted that—with reference to density bonus—the impacts related to the
increase of building rights are not only financial, but involve several fields (environmental,
landscape, urban planning and infrastructures). Hence, this tool, despite its great potential,
must be used only in cases where financial conditions are not suitable for a building
renovation without incentives. These considerations justify the use of the Economic Balance
Sheet Model.

The Economic Balance Sheet Model is widely used for the verification of the conditions
of economic balance of a business [25,26]. It allows for the representation of the general
balance and the specific balances of single business activities in a model. At the same
time, the limits in the algorithmic description of a dynamic, open and non-mechanistic
system—as a business is—are well-known [27,56]. However, these limits are less restrictive
for a business activity consisting of a single intervention on a building.

It is now widely recognized that the Economic Balance Sheet Model, intended to
check the balance related to the operations of income management of a business over
a given period, is identified with the network of relationships between expense values
(acquisition/use of production factors) and revenue values (production/sale of prod-
ucts/services) [23–27].

In a typical or average reference period, such as an accounting period or an n-th
financial year, the model can be written as (1):

n

∑
i=1

fi ∗ pi + r =
n

∑
i=1

qi ∗ Pi (1)

where fi ∗ pi* represents business expenses, r the expected return and qi ∗ Pi the expected rev-
enues.

The present case also considers impacts and benefits, despite lacking a corresponding
monetary value, as they are present in a business activity. Drawing from the operational
practice of a cost-benefit analysis [57–59], 2 elements can be introduced in Equation (1):
economic impacts (ei) and economic benefits (eb), representing the shadow prices of the
impacts and the benefits generated by the business activity, respectively. Hence, the
equation is written as (2):

n

∑
i=1

fi ∗ pi + r + ei =
n

∑
i=1

qi ∗ Pi + eb (2)
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The following condition confirms the economic balance (3):

ei ≥ eb (3)

Equation (3) shows that it is necessary to compensate non-pecuniary impacts with
pecuniary benefits; if the condition of Equation (3) is not verified, there is an economic
balance, but there is not a financial balance (this can only be accepted for public operations).

2.4. Research Method

Hence, a building renovation intervention can be intended as a business activity of a
company working in real estate. This business depends on the satisfaction of conditions of
financial and economic balance.

However, real estate is different from other business activities: it does not require
deeply structured companies, and an external economic asset—other than the one em-
ployed in the single business activity—is not necessary.

Considering the above, Equation (2) takes this form in the real estate sector (4):

n

∑
i=1

AC + RCi + R + ei =
n

∑
i=1

MVre.bu.i + eb (4)

where:
AC (and MV−): acquisition cost, that is, the acquisition cost of the real estate, the core

asset of the business; if the real estate is already available, its market value is considered;
RC: renovation costs, that is: (i) CapEx (Capital Expenditure), representing net cash

outflows for the realization of investments in operating fixed assets or fixed investments,
distinguished in this case from the acquisition cost; (ii) OpEx: Operating Expenses;

R = expected revenues as a function of expected returns;
MVre.bu. = market value of the renovated building, or of the renovated building asset;

this parameter can be also indicated as MV+.
Equation (4) constitutes the base for an elaboration of the Economic Balance Sheet

Model, aimed at the determination of density bonus in building renovation. Within the
model, the latter represents the product share required to verify the financial and economic
feasibility of the operation [60].

The definition of the model follows these assumptions:

(1) The impacts on infrastructural demand, on landscape and environment determined by
the renovation intervention must always be monetizable; specifically, their economic
values are evaluated according to the actions needed to mitigate them, or in the mere
monetization according to the principle of indemnity; hence, economic impacts are
included in CapEx (mitigation actions) or in OpEx (indemnity) [61];

(2) Since renovation interventions mainly involve private buildings, the economic benefit
has not been considered;

(3) The time variable has been assumed constant (business operation), without consider-
ing the heterogeneity of renovation cases, leading to different durations; it is assumed
that in interventions that require longer periods, this would be overcome through an
organizational upgrade and a related cost increase;

(4) The business has been considered to have no asset, hence the acquisition cost of the
asset to renovate has been included in the economic balance as the initial market
value (MV−).

Equation (4) is now written as (5):

n

∑
i=1

MV− + RCi + R =
n

∑
i=1

MVre.bu.i (5)
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Including R in RC, introducing q as the quantity of the existing product to renovate
and p as the reward that produces the economic balance of the renovation, Equation (5) can
be written as (6):

q
(

MV−
unit.

)
+ q(RCunit.) + p(RCunit.) = (q + p) ∗

(
MV+

unit.
)

(6)

Setting p as the unknown factor of the equation, the result is (7):

p =
−q

(
MV−

unit.
)
− q(RCunit.) + q

(
MV+

unit.
)

RCunit. − MV+
unit.

(7)

The implementation of the model requires the obtainment of renovation costs (8):

RC = CapEx− + OpEx + R (8)

CapEx is calculated as follows, excluding the acquisition cost, or MV− (9):

CapEx = CC + MC + AC + FC (9)

where:
CC = summation of construction costs, comprising both the building (CCbuild) and

the qualification of its context (CCurb).
MC = “real” (RMC) and “indemnifying” or administrative (AMC) mitigation costs, in

case of renovation interventions with impacts on the infrastructural demand, landscape
and environment, assuming that such impacts can be mitigated with specific additional
interventions, or indemnities;

AC = administrative charges (related to the building intervention);
FC = finance charges (related to AC, CC e AC);
OpEx include (10):

OpEx = BC + RMC (10)

where:
BC = business costs:
R is (11):

R = r(MV− + CapEx− + OpEx) (11)

where:
r = is the expected return rate, depending on the typology of intervention.

3. Experimentation and Results
3.1. Experimentation Area

The Economic Balance Sheet Model has been used as a methodological support for
the creation of an iso-bonus map in the city of Florence, in the Tuscany region in Italy,
differentiated according to the various territorial areas. Iso-bonus areas have been chosen by
following the definition of micro-zones determined by the Real Estate Market Observatory
of the Revenue Agency. The classification of the examined areas (old town, central areas,
semi-central areas and suburbs) has followed the denominations chosen by the Revenue
Agency as well. Examined areas are listed in Table 1 that reports size and type (central
areas, old town, semi-central areas, peripheric and suburbs).

The following operations have been performed for the implementation of the re-
search model:

1. CapEx (using Formula (9)) and OpEx (using Formula (10)) analysis for the estima-
tion of renovation costs (Formula (8)), considering the specific and heterogeneous
characteristics of the areas within the city of Florence;
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2. Market Analysis for the estimation of the market value in the examined areas, con-
sidering both the “to be restored” and “new” condition for estates (using Real Estate
Market Observatory of the Revenue Agency database);

3. Calculation of the density bonus for each area (using Formula (7)).

Table 1. Examined areas.

Examined Areas

Area Code and Name Size
(Hectares) Type

B2 Lungarno-Donatello-Beccaria-Libertà 208.5 Central areas

B5 Centro Storico (Signoria-Duomo-Pitti-San Niccolò) 181

Old town
B6 Centro Storico (Stazione Centrale-San Lorenzo-Sant’Ambrogio) 88

B7 Centro Storico (Viali-Lungarno Vespucci-Lungarno della Zecca Vecchia) 185

B8 Centro Storico (San Frediano-Porta Romana) 82.7

C2 San Jacopino-Ponte alle Mosse-Cascine 395

Semi-central
areas

C3 Dalmazia-Romito 95

C4 Poggetto-Statuto-Ponte Rosso 117

C5 Le Cure 80.5

C6 Campo di Marte 200.4

C7 Madonnone-San Salvi-Bellariva 140

C9 Coverciano 111

C10 Bobolino-Poggio Imperiale -Pian dei Giullari 917

C11 Marignolle-Monte Oliveto-Le Campora 614

C12 La Pietra-Camerata 464

C13 Piazza Ferrucci-Ricorboli-Bandino-Viale Europa-Anconella 218

C14 Pignone-Legnaia-Soffiano-Monticelli 160

C15 Isolotto 159

D3 Nave a Rovezzano-Ponte a Ema 373

Peripheral

D4 Cascine del Riccio-Certosa 444

D6 Periferica/Le Piagge 242

D7 Peretola-Brozzi-Quaracchi-San Donnino 288

D10 Careggi-Cercina-Trespiano 1346

D11 Varlungo-Rovezzano 250

D12 Cupolina-Osmannoro 334

D13 Settignano 515

D14 Galluzzo-Le Due Strade-San Gaggio 225

D15 Arcingrosso-San Bartolo a Cintoia-Ponte a Greve 498

D16 San Donato-Villa Demidoff-Toscanini 77.9

D17 Carlo del Prete-Firenze Nova-Nuovo Pignone-Mercafir 225

D18 Morgagni-Le Panche 212

D19 Castello-Il Sodo 163

D20 Novoli-Carraia 121

E1 Ponte a Greve-Ugnano-Mantignano 510 Suburbs

- Total 10,240 -
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3.2. CapEx and Opex Analyses

CapEx has been estimated as follows.
The construction cost related to a “heavy refurbishment” (CCbuild) is affected by area

typology (old town, central areas, semi-central areas and suburbs).
Urbanization costs (CCurb) have been assessed according to the current regulation

(2021) in the city of Florence. In fact, these costs vary according to the size of the intervention
(less than 2000 sqm; between 2000 sqm and 4000 sqm; more than 4000 sqm). Among the
three, the mean scenario was chosen.

The entity of the construction tax (CCct) has been considered as well on the base of
the current regulation. In fact, the tax varies according to the dimensional aspects of the
housing units (smaller than 160 sqm; between 110 sqm and 160 sqm; larger than 160 sqm).
The asset produced by the renovation was assumed to be comprised of between 110 sqm
and 160 sqm in old town and central areas; in suburbs, smaller than 110 sqm.

Real mitigation costs (RMC) have not been considered, as they depend on the possible
inclusion of the prescription in the orders permitting the renovation intervention, so they
could not be determined in the present experimentation.

Administrative mitigation costs (AMC) have been estimated according to the resolu-
tion n. 2014/G/00207 of the city of Florence, assuming: (i) the unavailability of additional
urban standards in old town and central areas, where adjacent lots often coincide with
the shape of the building; (ii) the availability of 50% of the additional urban standards
in semi-central areas, where the adjacent lots of the buildings usually have some free
open spaces; (iii) the total availability of additional urban standards in the suburbs, where
adjacent lots usually have wide open spaces; and (iv) the ratio between unavailable urban
standards (UUS) and assumed as equal to 33%;

Administrative charges (AC) were considered for all areas and estimated as a 10% flat
rate of the summation of construction cost, urbanization cost, construction tax, real and
administrative mitigation cost.

Financial charges (FC) were considered for all areas, on the base of the debt capital and
the time frame for design and construction, where the debt interest was only charged on
the actuator. The time frame was set at 3 years. The cost of the debt capital, that represents
the interest rate to apply, was equal to EurlRS/Euribor plus Spread.

OpEx has been evaluated through business costs and evaluated for all areas as a 5%
flat rate of CapEx.

Table 2 reports data used to implement CapEx Aaalysis and OpEx analyss.

Table 2. CapEx and OpEx analyses.

CapEx Analysis (Hypothesis: Building Renovation, Residential Sector, 2000–4000 sqm)

Areas Criterion Estimated Value

CCbuild

Old town Limited traffic zone, lack of elevators, extra-ordinary
inter-floor height, valuable constructive components 1250

Central areas Unrestricted accessibility, material procurement
limitations, high-rise buildings 1100

Semi-central areas Unrestricted accessibility, no limitations, ordinary
inter-floor height, low-rise buildings 1000

Peripheral
Possible urbanization deficiencies, no accessibility

limitations, ordinary inter-floor height, various
building typologies

950

Suburbs
Possible urbanization deficiencies, no accessibility

limitations, ordinary inter-floor height,
low-rise buildings

900
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Table 2. Cont.

CapEx Analysis (Hypothesis: Building Renovation, Residential Sector, 2000–4000 sqm)

Areas Criterion Estimated Value

CCurb
(building

renovation)
All areas

q < 2000 sqm 9.82

2000 sqm < q < 4000 sqm 48.01

q > 4000 sqm 28.92

CCct

Basic units > 160 sqm 20% of “basic cost” 23.39

110 sm < Basic units < 160 sqm 18% of “basic cost” 21.05

Basic units < 110 sqm 16% of “basic cost” 18.71

Basic cost Residential use 233.92

Real mitigation
cost (RMC) All areas Depending on prescription; not considered

Administrative
mitigation cost

(AMC)—
unavailable

urban standard
(UUS)

Old town Unavailable additional standards 110

Central areas Unavailable additional standards 110

Semi-central areas Possibility of finding incremental standards in the
measure of 50% 55

Peripheral Possibility of finding incremental standards in the
measure of 100% 0

Suburbs Possibility of finding incremental standards in the
measure of 100% 0

Ratio GUA/UUS - 0.33

Administrative
and technical
charges (AC)

All areas Flat rate of Ccbuild + Ccurb + CCct + RMC + AMC 10.00%

Financial charges
(FC)

All areas
(hypothesis = 100% debt) Flat rate of Ccbuild+ Ccurb + CCct + RMC + AMC + AC 5% per year

OpEx Analysis

Business costs All areas Flat rate of CapEx 5.00%

A CapEx analysis and an OpEx analysis allow for assessing renovation costs, consisting
in the summation of each CapEx and OpEx that must be considered to renovate the building
in each considered area typology. Table 3 reports the renovation costs for each area
typology considered in the experimentation, assessed according to the results of the CapEx
and OpEx analyses.

Table 3. Renovation costs from CapEx and OpEx analyses.

Renovation Costs (All Inclusive)

Old town €/sqm 1730

Central areas €/sqm 1660

Semi-central areas €/sqm 1430

Peripheral €/sqm 1230

Suburbs €/sqm 1180

3.3. Market Analysis

Then, a Market Analysis was performed for the determination of the market value, in
each of the examined areas. MV− has been chosen as the minimum price indicated by the
Real Estate Market Observatory of the Revenue Agency, while the determination of MV+
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has been evaluated in a different way, in order to resemble real market prices. In fact, it has
been assessed by increasing the maximum price provided by the same source, by a share
equal to: (i) 30% for the area B5; (ii) 20% for the areas B2, B6, B7 and B8; (iii) 10% for the
remaining areas C2, C3, C4, C5, C6, C7, C9, C10, C11, C12, C13, C14, C15, D3, D4, D6, D7,
D10, D11, D12, D13, D14, D15, D16, D17, D18, D19, D20 and E1.

These shares have been determined through a comparison by audit sampling between
the maximum real estate prices of the Revenue Agency and real estate prices of new con-
structions obtained from Nomisma [62] and Real Value—from the Independent Research
Institute Scenari Immobiliari [63]—databases.

Table 4 reports the results of the Market Analysis.

Table 4. Market Analysis.

Market Analysis

Area Code and Name
Market Values (€/sm)

To Be Renovated New Building

B2 Lungarno-Donatello-Beccaria-Libertà 2900 4200

B5 Centro Storico (Signoria-Duomo-Pitti-San Niccolò) 3500 5980

B6 Centro Storico (Stazione Centrale-San Lorenzo-Sant’Ambrogio) 2950 4800

B7 Centro Storico (Viali-Lungarno Vespucci-Lungarno della Zecca Vecchia) 3100 4680

B8 Centro Storico (San Frediano-Porta Romana) 3200 4920

C2 San Jacopino-Ponte alle Mosse-Cascine 2050 3080

C3 Dalmazia-Romito 2150 3025

C4 Poggetto-Statuto-Ponte Rosso 2550 3300

C5 Le Cure 2600 3520

C6 Campo di Marte 2500 3300

C7 Madonnone-San Salvi-Bellariva 2450 3245

C9 Coverciano 2550 3520

C10 Bobolino-Poggio Imperiale -Pian dei Giullari 2750 4290

C11 Marignolle-Monte Oliveto-Le Campora 2800 4620

C12 La Pietra-Camerata 2800 4400

C13 Piazza Ferrucci-Ricorboli-Bandino-Viale Europa-Anconella 2500 3190

C14 Pignone-Legnaia-Soffiano-Monticelli 2250 3080

C15 Isolotto 2200 2860

D3 Nave a Rovezzano-Ponte a Ema 2000 3080

D4 Cascine del Riccio-Certosa 2300 3520

D6 Periferica/Le Piagge 1600 2585

D7 Peretola-Brozzi-Quaracchi-San Donnino 1700 2475

D10 Careggi-Cercina-Trespiano 2100 3300

D11 Varlungo-Rovezzano 2150 2970

D12 Cupolina-Osmannoro * 2000 2650

D13 Settignano 2800 4400

D14 Galluzzo-Le Due Strade-San Gaggio 2400 3520

D15 Arcingrosso-San Bartolo a Cintoia-Ponte a Greve 2000 2860
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Table 4. Cont.

Market Analysis

Area Code and Name
Market Values (€/sm)

To Be Renovated New Building

D16 San Donato-Villa Demidoff-Toscanini 1950 3080

D17 Carlo del Prete-Firenze Nova-Nuovo Pignone-Mercafir 1900 3025

D18 Morgagni-Le Panche 2150 2970

D19 Castello-Il Sodo 1800 2860

D20 Novoli-Carraia 2000 2750

E1 Ponte a Greve-Ugnano-Mantignano 1950 2970

* direct data collection, OMI values not available.

3.4. Density Bonus Calculation

The last step was the determination of the corresponding density bonus for each zone.
Table 5 reports the results of the application of the model. Evidently, the experimenta-

tion on a significantly extended territory (10,240 ha) required some assumptions concerning
macro-areas and/or macro-categories of intervention. The results varied within areas, as
the data used in the implementation of the research model (CapEx, OpEx and market value)
were associated to micro-areas [64], with smaller extension and a higher level of detail.

Table 5. Density bonus calculation.

Elaboration Regarding Density Bonus

Area Code and Name Size
(Hectares)

Minimum
Bonus Bonus Range

B2 Lungarno-Donatello-Beccaria-Libertà 208.5 17% 16–20%

B5 Centro Storico (Signoria-Duomo-Pitti-San Niccolò) 181 −18% no bonus

B6 Centro Storico (Stazione Centrale-San Lorenzo-Sant’Ambrogio) 88 −4% no bonus

B7 Centro Storico (Viali-Lungarno Vespucci-Lungarno della Zecca Vecchia) 185 3% 1–5%

B8 Centro Storico (San Frediano-Porta Romana) 82.7 −2% no bonus

C2 San Jacopino-Ponte alle Mosse-Cascine 395 24% 21–25%

C3 Dalmazia-Romito 95 35% 31–35%

C4 Poggetto-Statuto-Ponte Rosso 117 36% 36–40%

C5 Le Cure 80.5 24% 21–25%

C6 Campo di Marte 200.4 34% 31–35%

C7 Madonnone-San Salvi-Bellariva 140 35% 31–35%

C9 Coverciano 111 22% 21–25%

C10 Bobolino-Poggio Imperiale -Pian dei Giullari 917 −4% no bonus

C11 Marignolle-Monte Oliveto-Le Campora 614 −12% no bonus

C12 La Pietra-Camerata 464 −6% no bonus

C13 Piazza Ferrucci-Ricorboli-Bandino-Viale Europa-Anconella 218 42% 41–45%

C14 Pignone-Legnaia-Soffiano-Monticelli 160 36% 36–40%

C15 Isolotto 159 54% 51–55%

D3 Nave a Rovezzano-Ponte a Ema 373 8% 6–10%
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Table 5. Cont.

Elaboration Regarding Density Bonus

Area Code and Name Size
(Hectares)

Minimum
Bonus Bonus Range

D4 Cascine del Riccio-Certosa 444 0% no bonus

D6 Periferica/Le Piagge 242 18% 16–20%

D7 Peretola-Brozzi-Quaracchi-San Donnino 288 37% 36–40%

D10 Careggi-Cercina-Trespiano 1.346 1% 1–5%

D11 Varlungo-Rovezzano 250 24% 21–25%

D12 Cupolina-Osmannoro 334 41% 41–45%

D13 Settignano 515 −12% no bonus

D14 Galluzzo-Le Due Strade-San Gaggio 225 5% 1–5%

D15 Arcingrosso-San Bartolo a Cintoia-Ponte a Greve 498 23% 21–25%

D16 San Donato-Villa Demidoff-Toscanini 77.9 5% 1–5%

D17 Carlo del Prete-Firenze Nova-Nuovo Pignone-Mercafir 225 6% 6–10%

D18 Morgagni-Le Panche 212 24% 21–25%

D19 Castello-Il Sodo 163 10% 6–10%

D20 Novoli-Carraia 121 32% 31–35%

E1 Ponte a Greve-Ugnano-Mantignano 510 9% 6–10%

For this reason, it was deemed appropriate to aggregate the single results in reward
classes with a range of five percentage points, as this interval presented a stronger signifi-
cance with the observed phenomenon.

3.5. Results Analysis

Interesting considerations emerged from the analysis of the results obtained with the
application of the EBSC model, constituting a valid support for the management of the
attribution of rewards.

In the city of Florence, without direct funding measures, building renovation is
economically feasible:

• on 32.28% of the municipal area, with no need for incentives;
• on 17.91% of the municipal area, with a 1–5% bonus;
• on 12.41% of the municipal area, with a 6–10% bonus;
• on 4.40% of the municipal area, with a 16–20% bonus;
• on 15.10% of the municipal area, with a 21–25% bonus;
• on 5.43% of the municipal area, with a 31–35% bonus;
• on 5.52% of the municipal area, with a 36–40% bonus;
• on 5.39% of the municipal area, with a 41–45% bonus.

The summary results above show the bonus entity (Table 6): in two-thirds of the
municipal area of Florence, urban regeneration is feasible with no, or very low, incentives;
in 19.50% of the municipal area, a medium incentive is needed, and only 17.89% of the area
requires high incentives.

The geo-references of the results (graphical representations) of the application are
shown in Figure 1.
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Table 6. Summary of the results.

Summary of the Results

Bonus Entity Area of Application Ratio Bonus Entity

no bonus sqm 3305.70 32.28%

62.60% No bonus or small bonus1–5% sqm 1833.90 17.91%

6–10% sqm 1271.00 12.41%

11–15% sqm 0.00 0.00%

19.50% Medium bonus
16–20% sqm 450.50 4.40%

21–25% sqm 1546.5 15.10%

26–30% sqm 0 0.00%

31–35% sqm 556.4 5.43%

17.89% High bonus

36–40% sqm 565 5.52%

41–45% sm 552 5.39%

46–50% sqm 0 0.00%

51–55% sqm 159 1.55%

Total 10,240.00 100.00%

Land 2021, 10, x FOR PEER REVIEW 15 of 20 
 

Table 6. Summary of the results. 

Summary of the Results 

Bonus Entity Area of Application Ratio Bonus Entity 

no bonus sqm 3305.70 32.28% 

62.60% No bonus or small bonus 1–5% sqm 1833.90 17.91% 

6–10% sqm 1271.00 12.41% 

11–15% sqm 0.00 0.00% 

19.50% Medium bonus 
16–20% sqm 450.50 4.40% 

21–25% sqm 1546.5 15.10% 

26–30% sqm 0 0.00% 

31–35% sqm 556.4 5.43% 

17.89% High bonus 

36–40% sqm 565 5.52% 

41–45% sm 552 5.39% 

46–50% sqm 0 0.00% 

51–55% sqm 159 1.55% 
 Total 10,240.00 100.00%  

The geo-references of the results (graphical representations) of the application are 

shown in Figure 1. 

 

Figure 1. Geo-references of results. 

4. Discussion and Conclusions 

The results obtained through the application of the research model confirm the initial 

assumption, discussed in the second section, concerning the need for a specific calibration 

of density bonus as a function of the context where renovation takes place. 

Density bonus can support the renovation of private and/or public buildings and 

contribute to the achievement of the objective of the European Green Deal concerning the 

energy savings of buildings. With reference to the Italian case, this also supports the 

achievement of the objective of Mission 2, Component 3 of PNRR “Energy Efficiency and 

Building Renovation”. In fact, it can increase opportunities, and results established in 

Figure 1. Geo-references of results.

4. Discussion and Conclusions

The results obtained through the application of the research model confirm the initial
assumption, discussed in the second section, concerning the need for a specific calibration
of density bonus as a function of the context where renovation takes place.
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Density bonus can support the renovation of private and/or public buildings and
contribute to the achievement of the objective of the European Green Deal concerning
the energy savings of buildings. With reference to the Italian case, this also supports the
achievement of the objective of Mission 2, Component 3 of PNRR “Energy Efficiency and
Building Renovation”. In fact, it can increase opportunities, and results established in
M2C3.2, specifically related to the energy renovation and seismic retrofit of the building
stock, are in accordance with the objective of fostering local investments. However, this
requires research for the correct management of the density bonus for building renovation
that can be also combined with direct (specific financing support) or indirect public funding
(tax incentives) measures.

However, an additional result emerges from the experimentation on the city of Flo-
rence. The results show how the need for density bonus to building renovation affects
only a little more than one-third of the municipal area. The widespread and uncalibrated
attribution of the density bonus to entire administrative territories, applied by many Italian
regions, has revealed strong criticalities due to the risk of an uncontrolled increase in built
volumes. The application of the Economic Balance Sheet Model, therefore, identifies the
threshold of increase in building rights, or density bonus, needed to produce financial
feasibility for a renovation intervention; this methodology can become a tool for urban
planners to control the sustainable development of the territory.

The present work has discussed and evaluated density bonus for building renovation
when performed through heavy refurbishments/demolition and reconstruction.

Finally, two considerations have emerged:

• The first one is specifically related to the research model and considers its limits and
possible future developments;

• The second one is independent from the research model and concerns the effects
of renovation interventions, supported by density bonus, on the context where this
incentive is introduced.

Concerning the former, the research model, despite the significance of its results,
provides “static” results, referring to renovation interventions defined aprioristically. In
other words, the research model can provide the suitable percentage value for density
bonus in a specific area if it receives an input related to a given typology of renovation
intervention. In the present case, the chosen typology is “heavy refurbishment”; in order
to determine the bonus for light or medium refurbishment, the research model requires a
new implementation.

In further developments of the research model, an additional feature could be the
capability of identifying the most suitable typology of renovation intervention according to
the context, to the initial conditions, to other aspects of the real estate market (trade liveli-
ness, supply and demand) and to the unit prices in the area. Moreover, other developments
of the model could include the determination of the density bonus, not only according
to financial and economic factors, but considering multi-dimensional aspects integrating
environment, landscape and urban planning in the definition of the bonus. In addition,
the results could be further validated through consultation with representatives of density
bonus beneficiaries, local stakeholders and experts. In this sense, further developments of
the research model may concern the integration of the Economic Balance Sheet Model with
a Stakeholders Analysis, Beneficiary Analysis, Delphi Method or Focus Group.

The second, final consideration is directly related to the general meaning of renovation
in urban regeneration.

Urban regeneration (or urban renewal) aims to produce an environmental improve-
ment in urban areas through a renovation intended to enhance livability, building quality
and resource efficiency. The final purpose is a multi-semantic and multi-disciplinary con-
sciousness that requires surpassing the familiar notions of ‘renovation’, ‘recovery’, ‘reuse’
and ‘requalification’ as public and/or private actions for the growth of economic, cultural
and social values [65]. In their place, a new, inclusive meaning that encompasses multi-
scalar, multi-cultural and multi-disciplinary approaches [66,67] will be reached. Building
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renovation and urban renewal have a wide meaning, comprising all actions that restore
integral quality in inhabited contexts, including functional, distributive and technolog-
ical aspects of residences and common spaces, without forgetting energy issues, which
represents one of the key factors for environmental quality [68,69].

Following this consideration, it must be pointed out that the density bonus produces
“densification” effects, with often relevant impacts on environment, landscape and infras-
tructural demand, which, however, can be correctly controlled in a building project. Thus,
when renovation is supported by density bonus, it seems essential to consider at the same
time the effects that it produces on the other abovementioned aspects, in addition to the
financial and economic ones.

In particular, it must be considered that this kind of regeneration incentive has among
its weaknesses the effects of uncontrolled growth, resulting from the cumulative application.
In fact, densification as a direct incentive produces an increase in building rights, releasing
them from control measures, namely, urban plans, aimed at ensuring a balance within
territorial systems (environmental and infrastructural). The proposed research model can
significantly contribute to the reduction of this negative impact; according to the results of
experimentation, it can limit the applicability of the density bonus to the areas where it can
be concretely essential to activate building renovation.

Hence, it seems appropriate to envisage the introduction of specific urban planning
tools (e.g., “density bonus plans”) to regulate the attribution of density bonus, rather than
only statutory provisions (as in the Italian experience). Naturally, evaluation tools, such
as the proposed Economic Balance Sheet Model, could be effectively implemented within
that framework.
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