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Abstract: Green infrastructure in urban environments provides a wide range of ecological, social,
aesthetic, and health co-benefits. Urban plant covers in particular contribute to improved outdoor
environmental conditions that, in turn, influence the energy behavior of buildings and their indoor
thermo-hygrometric comfort performance. Within this context, this study illustrates a methodol-
ogy aimed at verifying the economic feasibility of alternative types of green areas for public and
private stakeholders, which are analyzed as passive energy measures. Therefore, our methodology
integrates approaches from different disciplines and consists of a microclimatic analysis of different
vegetation scenarios and of the outdoor comfort level, an evaluation of the energy needs of a sample
of houses, and an economic feasibility estimation considering different scenarios and public and
private investors. The methodology is illustrated through its application to a suburban district of
the Sicilian city of Trapani in the South of Italy, considered representative of Mediterranean climate
conditions. Results showed significant differences between the scenario outcomes depending on the
type of vegetation used in the green areas and put in evidence how economic feasibility for some
stakeholders may be achieved in the management phase if adequate incentives equal to the planting
cost are assumed.

Keywords: co-benefits; green areas; passive energy measure; economic feasibility; urban microclimate;
outdoor comfort; vegetation

1. Introduction

Defining and evaluating the co-benefits that green infrastructure generates in urban
contexts is a very complex issue that can be analyzed from multiple perspectives [1].
Several studies have focused on the ability of urban trees to mitigate CO2 emissions by
incorporating carbon into their biomass [2] and on the subsequent possibility of using
urban tree plantations within carbon credit markets [3]. In addition, trees can also produce
monetary benefits owing to their ability to provide shade [4] and, consequently, to achieve
energy savings by cooling buildings [5]. At the urban level, the benefits of such shading
are manifold, including increased thermal comfort in summer and reduced impact of hot
temperatures at the pedestrian level [6]. Previous studies have focused on demonstrating
the benefits derived from the use of vegetation as a passive strategy for mitigating micro-
climate changes and the effects of urban heat islands (UHIs) [7,8]. All these benefits may
be estimated through the application of a replacement cost approach (using the costs of
parasols), demonstrating that trees are also a worthwhile long-term investment in terms of
microclimate control [9].

The various ecological, social, aesthetic, health, and comfort benefits that urban tree
cover provides to city residents are also implicitly captured in housing prices. In order to
estimate the appreciation of urban vegetation in residential areas, the hedonic price method
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has been applied to several studies in various cities. Some studies used the hedonic price
model to assess the impact trees cover on dwelling price [10,11] or residential land [12];
others analyzed the residential housing market to test how marginal willingness to pay
(MWTP) differs by proximity to parks and green areas [13]. In addition, there is a green
premium in house prices directly related to energy consumption (kWh) and carbon dioxide
(CO2) emissions, which may also depend on the presence of vegetation and urban trees
near the house [14].

It is worth noting that the growing social appreciation of the benefits of urban vegeta-
tion has generated increasing concern that these benefits are not equally distributed among
citizens and are becoming a new form of environmental injustice [15,16]. Green areas are
an important component of urban quality, and despite being a right for all citizens, they are
often completely absent in peripheral and degraded neighborhoods.

Paraphrasing “The right to the city” by Lefebvre and Harvey [17,18], “the right to
green areas” is interconnected with environmental sustainability, urban climate, and mi-
croclimate, as well as with the technological characteristics and energy performance of
buildings. Promoting strategies and actions aimed at making buildings—and hence urban
environments—more sustainable both in private [19] and tertiary sectors [20] is a pillar of
the European Union long-term vision for a climate-neutral economy [21], and the building
sector is among those capable of causing the most impact. The building sector is responsi-
ble for 36% of energy use worldwide, corresponding to 39% of total energy-related CO2
emissions [22,23], whereas at the European level, it accounts for between 25% and 40% of
total energy consumption, resulting in about 35% of overall CO2 emissions throughout
Europe [24]. Regarding the Italian context in particular the figures stand at about 40% and
17.5% for energy consumption and CO2 emissions, respectively. [25,26]. The EU has funded
several programs to pilot energy-efficiency measures for buildings and districts, such as
the My Smart City District group programs, and launched the European Green Deal in
2019, generating new challenges to draft sustainability protocols [27] but also to assess the
economic feasibility of actions that reduce environmental impact in urban contexts and to
propose innovative types of financing for such actions [28,29].

Within this context, urban green surfaces represent an important solution for dealing
with rising overheating in urban areas, as they can limit the effects of UHIs and heatwaves
related to the increasing frequency of extreme weather events, primarily due to climate
change [30]. All typologies of “green surfaces” (green roofs, green walls, gardens, and
parks), in addition to bringing visual and aesthetic advantages to the urban landscape,
also contribute to improved outdoor environmental conditions, which, in turn, affect the
energy behavior of buildings and their indoor thermo-hygrometric comfort [31,32]. That
is why assessing the effectiveness of these types of passive energy measures to reduce
environmental impacts in urban contexts [33] has become a matter of interest in literature,
although their economic feasibility remains a relative shortcoming [34], which is the subject
of the present paper.

Economic and financial feasibility analysis of active energy-efficiency measures at
building, district and city scales has been widely applied to the evaluation of energy
retrofit projects for nearly zero-energy buildings (NZEBs) and to various types of existing
buildings [35,36], even in the presence of public incentives [37,38], as well as for the
definition of the best urban energy scenarios [39], also supporting public decisions with
multicriteria models [40,41]. Other issues related to economic feasibility arise when public
and private actors are involved in the decision to implement green areas. The choice
of stakeholders for different types of gardens should be based not only on recreational,
aesthetic, ecological and wellness purposes but also on the correct evaluation of green
areas as a passive energy measure and on the economic benefits that can be derived from
their implementation.

This paper proposes the application of an integrated methodology aimed at verifying
the economic feasibility of alternative types of green areas for public and private stakehold-
ers, which are analyzed as passive energy measures. To achieve this goal, the proposed
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methodology integrates economic feasibility assessment with microclimate, outdoor com-
fort analyses and evaluation of energy consumption for air conditioning. This methodology
allows us to: (i) evaluate to what extent different types of vegetation are an effective passive
energy measure; (ii) verify the conditions of economic feasibility for all public and private
parties involved; and (iii) measure any incentives necessary to ensure the implementation
of the project.

The methodology was applied to a case study selected according to climatic, urban and
social contexts. Concerning the climatic context, a Mediterranean coastal city (Trapani, Sicily,
southern Italy) was chosen as a representative example of many other cities characterized
by mild winters and hot summer months. Current literature is limited in terms of balanced
geographic distribution. A review by Roy et al. [1], found that 64% of research has been
concentrated in North America, and there are very few studies applied to mid-latitude
cities [2,42,43]. Because the benefits and costs of urban trees vary across cities and climates,
this study may help address the lack of research in Mediterranean areas and reflect local
environmental and economic conditions, as well as the attitudes of residents and local
authorities toward planting and managing green areas.

Regarding the urban and social context, a suburban and degraded area where low-
income families live and where the provision of green areas should be a duty of the
municipality in order to mitigate social inequalities was considered for the analyses.

In addition, the proposed approach analyzes the entire process of analysis, up to the
verification of the conditions of financial sustainability of all stakeholders, both public and
private, and differs from other literature research in several respects. Some scholars have
deepened the analysis of only particular types of benefits, whereas others have analyzed
several costs and benefits but from a different point of view.

McHale et al. [3] studied the benefit of CO2 emission reduction due to the action of
assimilation, decomposition and maintenance of trees and evaluated all the benefits of
tree planting, including energy savings, through the monetary value of saved CO2. In
Castro Neto’s research [2], monetary value was only associated with carbon storage by
the most represented urban trees in the city of Lisbon, and carbon sequestration was not
measured, nor was the contribution of herbaceous and shrub vegetation in urban green
areas considered. Soraes et al. [43] evaluated many types of costs and benefits produced
by urban trees in Lisbon and applied i-Tree STRATUM software to evaluate the return on
investment in tree management. This research only considered trees on public streets, and
there was no reference to the role of incentives or other financial instruments to support
private investors. In addition, there was a severe limitation in the application of i-Tree
STRATUM due to the absence of data on the predominant tree species in Lisbon and in
other climate zones throughout Europe. A study by Kunsch and Parks [44] provided a
cost-benefit analysis of a tree-planting scenario in a district of the city of Los Angeles
using US Forest Service software. The value of trees was estimated as the sum of several
benefits, including energy savings, and several costs were used for different tree species and
locations, distinguishing between “street trees” located on public streets and “yard trees”
located in private areas. However, this was an overall assessment of costs and benefits and
was not broken down by type of investor.

To fill this gap, our study aims to analyze a case where the ownership of land and
buildings is a mix of public and private. Since the implementation of a green-area project
depends not only on public but also private decisions, our study focuses on the conditions
that can convince a private stakeholder to participate, considering only the monetary
benefits obtained as a passive energy measure. The study aims to go beyond the aggregate
assessment of project costs and revenues and to define separate budgets for each category
of stakeholders, both public and private, the latter including both homeowners and tenants.
In fact, a public stakeholder usually makes decisions based on all the economic benefits
produced by green areas, such as carbon sequestration, habitat provision, air quality,
UHI mitigation, etc., or according to the goals of removing the inequitable distribution
of ecosystem services in low-income neighborhoods. In contrast, the decision of private
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individuals to invest in a green-space project is based more on tangible monetary benefits,
such as electricity bill savings or availability of public incentives.

From a purely financial point of view, the results differ with respect to public and
private actors. The former must add to the public budget the costs of implementation and
management of green areas, along with other charges for the supply of public goods and
services and to increase social welfare; for the latter, the implementation of green areas
would be affordable if public incentives are granted.

This paper is organized as follows. The next section provides a description of the
case study and the different green-area scenarios. Section 3 describes the methodological
approach that integrates microclimate and outdoor comfort analysis with energy consump-
tion evaluation and economic feasibility assessment. Section 4 shows the results. Finally,
some critical issues are reported in Discussion, leading to the concluding remarks of the
study and to some considerations for possible further research developments.

2. A Mediterranean City as a Case Study
2.1. The Case Study: Cappuccinelli District in Trapani (Italy)

Our case study considered the Cappuccinelli district of Trapani in the south of Italy.
Trapani is a provincial capital, with a population of 65,378 [45], located at the western
end of the island of Sicily, in the center of the Mediterranean Basin (Figure 1a). Trapani
was chosen as a representative example of the climatic conditions of many Mediterranean
cities characterized by mild winters and hot summers (Koppen Climate Classification: Csa).
Cappuccinelli in particular is a district where there are extreme conditions of social, urban
and building degradation and where urban redevelopment and building energy retrofits
are needed. Currently, the housing tenure is a mixture of public and private, which allows
the study of how the economic feasibility of green areas differs with respect to the interests
of all actors involved.
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Figure 1. Location of Trapani (Italy) (a) and of the case-study area in Cappuccinelli district (b).

Cappuccinelli was built in the 1960s as a public housing district for very low-income
families and was owned by the “Istituto Autonomo Case Popolari” (IACP), which is a
public agency whose mission is to build and manage affordable rental housing. In total,
there are 268 housing units and 13 warehouses in the Cappuccinelli district. In recent
decades, because of national policies to divest from public housing stock, the IACP sold
many housing units to families who lived in them at a subsidized price set by law, leading
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to a debate on the conflict between equity and efficiency in the management of public
housing assets [46].

The case-study area consists of the northern part of the district (Figure 1b), including
five buildings identified as E, F, G, L and X and representing 55.5% of the housing units in
the district.

Cappuccinelli district was designed by Michele Valori (one of the main architects
involved in the Italian post-war reconstruction) and built along the northern coast of the
city of Trapani on the base of a 12.60 m square grid [47]. The longitudinal axis of the
district is oriented in a northwest/southeast direction; perpendicular to this axis, 9 m wide
driveways were designed to connect the buildings of the district to the road along the
coast and to the other neighborhoods of the city. The fulcrum around which the district
is organized is a large square that originally conceived by Valori as a pedestrian green
area where, on the south side, a multi-storey building is located. Three types of buildings
were designed for the district: court buildings with four- or five-room duplex apartments
symmetrically coupled to a 12.60 m square internal courtyard; terraced buildings; and
a five-storey building with single-level apartments with three or four rooms each. The
open spaces of the court buildings were intended by Valori as both common spaces and
small fenced-in areas to be used as private gardens. The first building yard was opened
in 1958, and the construction of the district was developed in different phases until the
1970s. During these years, the district underwent several changes, especially in relation to
the organization of open spaces, which, today, are in a state of widespread degradation, as
well as buildings. Currently, the central square of the district is a completely paved area
with very few Fabaceae trees of the genus Erythrina, a genus of flowering plants in the pea
family. (Figure 2a), whereas the courtyard spaces, originally conceived as private green
spaces, have been cemented and modified by tenants, who have built canopies and higher
fences (in addition to the existing walls) to provide more privacy and safety (Figure 2b).
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Housing tenure in Cappuccinelli district has also changed over the years and is
currently 42.7% public (IACP) and 57.3% private. In the case-study area, the percentage of
private housing units is 64.1%, which is higher than the district average. The composition
of public/private tenure varies within buildings, reaching 88% in building X (Figure 3a).

Land tenure includes another public authority, the Municipality of Trapani, and is
broken down as follows:

• 9540 sq.m (76.9%) are owned by the Municipality of Trapani;
• 2860 sq.m (23.1%) are owned by the condominiums and correspond mainly to the

inner courtyard of the buildings.

Condominium land, in turn, consists of two parts:

• 2000 sq.m relate to the rented dwellings owned by the IACP;



Sustainability 2022, 14, 2407 6 of 20

• 860 sq.m relate to dwellings owned by households (Figure 3b).
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The nature of the “peripheral” district, originally located between the historic city
center and the Tyrrhenian Sea and close to the countryside, has been transformed over
the years into a place of social segregation, where there is a complete lack of vegetated
spaces and public services. The Municipality of Trapani has manifested its intention to
regenerate the district, providing green areas, which are an urbanistic standard required by
Italian legislation, and it recently won a competition promoted by the Ministry of Ecological
Transition Directorate for Climate, Energy and Air in close collaboration with ANCI (As-
sociation of Sicilian Municipalities) and with the scientific contribution of ISPRA (Higher
Institute for Protection and Environmental Research). The competition, “Experimental
program of interventions for adaptation to climate change in urban areas”, is aimed at
increasing the resilience of urban centers to the risks generated by climate change, with
reference to heat waves and extreme rainfall and drought phenomena [48]. With these aims
in mind, the project submitted by the Municipality of Trapani, in collaboration with IACP,
proposed planting trees and shrubs in Cappuccinelli district, even if without a specific
preliminary study to verify the real benefits that can be derived from the use of such a
passive microclimate mitigation strategy.

In the context of an energy and environmental retrofit project for Cappuccinelli district,
which could also trigger urban and socioeconomic regeneration phenomena, the imple-
mentation of vegetation inspired by the original project developed by Michele Valori may
represent an opportunity to preventively analyze the effects of different types of green
areas as a primary passive strategy on the comfort of outdoor and indoor spaces, as well
as building energy consumption [49]. This strategy was validated through analysis of its
effects on microclimate mitigation, evaluating, based on the results obtained from simu-
lations, the extent to which vegetation can contribute to improved outdoor comfort and,
consequently, reduce technological and economic demands of the interventions [50–52]. To
this end, different scenarios were investigated, designed according to the original project
by Valori.

2.2. Vegetation Scenarios

As discussed in [51], the green areas are 12,400 square meters in size, and the different
alternatives are:

• Scenario 0. This is the current situation of the examined site, where green areas are
almost non-existent (hereafter S0) (Figure 4);

• Scenario 1. This scenario corresponds to the basic minimum intervention that con-
sists of replacing the existing pavement with green areas characterized by turf and
deciduous plants of 1 m in height (hereafter S1);
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• Scenario 2. Same as S1, but green areas are characterized by turf and deciduous plants
of 4–6 m in height (hereafter S2);

• Scenario 3. Same as S1, but green areas are characterized by turf and deciduous plants
of 15 m in height (hereafter S3) (Figure 5).
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3. An Integrated Methodology to Evaluate the Co-Benefits of Green Areas

The methodology applied in this study is based on the integration of approaches from
different disciplines to adequately analyze the complexity of the co-benefits generated by
green areas as an energy retrofit action. The methodology consists of the following parts:

• Microclimatic analysis in all the previously defined scenarios of vegetation by means
of ENVI-met software and evaluation of the related local climates;

• Assessment of the energy needs of a sample of houses for each scenario by means of
the EnergyPlus model;

• Economic feasibility analysis according to scenario and public and private investors
through the calculation of the net present value (NPV) and the internal rate of re-
turn (IRR).
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3.1. Analysis of Microclimate and Implementation of Vegetation

According to the results of previous works [52,53], the local climate conditions were
analyzed to simulate alternative outdoor climate scenarios. The local climate conditions
were obtained from climate data supplied by the weather station near the district or from
the available online database related to the weather station near the site. Then, a three-
dimensional model of the case-study area was built, considering the ground elevation
model, the build volume and the green area. The latter is an independent variable for the
different scenarios.

All these data represent the input data for an ENVI-met simulation model that consid-
ers the influence of vegetation on local climate, the main parameter for this step. Hence,
the local climate for all the different scenarios characterized by different types of plants or
green areas was assessed through ENVI-met software according to a multiscale simulation
methodology described in [54] for both the coldest and the hottest days at the hourly level.

To proceed with the aforementioned assessments, the district was preliminarily ana-
lyzed according to building typologies, climatic conditions and vegetation currently present
in the public and private open spaces.

The analysis of microclimate with ENVI-met software achieved simulations at two
different scales: macro area and micro area.

• The macro-area simulation included about 100 hectares that, in the absence of in situ
surveys, allowed for study of the climatic conditions of Cappuccinelli district in a
wider urban context to evaluate the influence of the neighboring areas by recalibrating
the climate data extracted from the weather stations of Trapani-Birgi and Trapani-
Fulgatore (two weather stations near the city).

• The micro-area simulation included about 7 hectares, corresponding to the central
part of Cappuccinelli district in which the square, multi-storey building X and court
buildings E, F, G and L are located (Figure 4). The previously obtained output climatic
data were used as input values for the assessment of the microclimate at the microscale.

Before performing the ENVI-met simulations, receptors were appropriately positioned
in the modeled area for the acquisition of output data. One receptor was positioned in
the center of the central square of the district, and two were placed in the proximity of
an apartment in building X and court F. Two representative apartments were considered.
The first apartment is representative of a high-rise building (hereafter HRB); the second
apartment is representative of a low-rise building (hereafter LRB).

In LRB, the living area is located on the ground floor and consists of a living room with
double exposure to the northwest and southeast, a kitchen and a study facing southeast
and a bathroom facing northwest. The sleeping area, located on the first floor, consists of a
single bedroom facing southeast, as well as a double bedroom, a second single bedroom
and a toilet facing northwest. The staircase, around which all the rooms are arranged, is
exposed to the north-east and has glass surfaces with the sole function of letting sunlight
filter inside (Figure 6a).

In the HRB apartment in building X, the living area consists of a living room facing
northwest, a kitchen facing southeast, a double bedroom facing northwest and a bedroom
facing southeast. On both sides of the apartment, there is a veranda, created by tenants
closing the two lodges provided for in the original project (Figure 6b).
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3.2. Evaluating the Building Energy Consumption

The building energy consumption associated with the heating, ventilation and air
conditioning (HVAC) system, able to maintain suitable thermal indoor conditions for each
scenario, was evaluated. The presence of vegetation contributes to reduced values of
outdoor air temperature due to the evapotranspiration phenomenon: the taller plants are,
the greater the reduction in outdoor air temperature. Hence, during the cooling season,
this phenomenon undoubtedly has a positive effect on building energy consumption and
indoor comfort conditions, whereas it could have a negative effect during the heating season.
Therefore, this approach has been shown to be more useful in climatic zones characterized
by very warm summers and mild winters, such as the Mediterranean regions [55].

The evaluation of the building energy behavior was performed by means of an Energy-
Plus model [56]. EnergyPlus is a very well-known dynamic energy simulation model that
allows for the evaluation of energy consumption for climatization of indoor environments
for the heating and cooling season.

At the urban/district level, in order to evaluate consumption for each dwelling and to
avoid a long computation time of the applied mathematical model, a representative sample
of dwellings needs to be defined [13]. The above-described representative apartments,
HRB and LRB, were simulated with the EnergyPlus model. Tables 1 and 2 report usual
values of the main parameters concerning building-envelope components, characteristics
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and internal heat gains required by EnergyPlus as input data, which were used for the
simulation model with the aim of depicting a configuration consistent with real conditions.

Table 1. Thermo-physical properties of the envelope components.

Envelope
Component Typology Thickness (m) Thermal Transmittance

(W/m2K)
Internal Heat

Capacity (kJ/m2K)
Solar Heat Gain

Coefficient

External walls opaque 0.39 2.092 459 -
Windows glazed 0.004 5.871 - 0.871

Table 2. Internal heat gains.

Internal Heat Gain Element Unit Adopted Value

People Person/m2 0.035
Equipment W/m2 3
Ventilation 1/hour 0.3

Heating: set-point temperature ◦C 20
Cooling: set-point temperature ◦C 27

The yearly weather data file for a business-as-usual (BaU) scenario, i.e., S0, is the
original weather data file retrieved from the EnergyPlus weather database. The yearly
weather data files for each alternative scenario (S1, S2 and S3) were constructed on the
basis of the BaU weather file and the local climate data obtained for two conventional
severe days, i.e., 21 August and 20 February, identified as reference hottest and coldest
days, respectively.

3.3. Economic Feasibility of the Scenarios

The economic feasibility of a scenario can be assessed using several economic indi-
cators. The most common indicators are the net present value (NPV) and internal rate of
return (IRR).

NPV is the discounted present value of the cash flows resulting from the difference
between inflows and outflows over a period of time. An investment or project is profitable
when the NPV is positive; consequently, investments with negative NPV values should be
rejected by investors. The NPV formula is as follows:

NPV =
n

∑
t=1

(Rt − Ct)

(1 + r)t − C0 (1)

where Rt is revenues for year t, Ct is costs for year t, r is the discount rate, n is the period of
analysis, and C0 is the initial investment.

IRR is the rate that makes the NPV of a project equal to zero; consequently, IRR is
calculated by applying the following formula:

n

∑
t=1

(Rt − Ct)

(1 + IRR)t − C0 = 0 (2)

An investment or project with an IRR greater than its cost of capital is profitable.
Both indicators, NPV and IRR, express the economic feasibility of a project from the

investor’s point of view. When public and private investors are involved in a project, as in
the case of the implementation of green areas in a mixed-ownership district, it is necessary
to differentiate cash flows because the purposes and expectations may be dissimilar and
even conflicting.

Analyzing the ownership of land that could become green areas (Figure 3) was an
essential preliminary step in allocating both project implementation and management costs,
as well as garden operating revenues as a passive energy measure.
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It is important to note that the costs of implementing green areas are borne by the
landowners, which are the Municipality of Trapani, the IACP and the families who own
the houses. On the other hand, the maintenance costs of condominium gardens in the inner
courtyards of buildings are borne by households (homeowners) and the tenants of the
IACP housing units, and both can directly benefit from the operating revenues in terms of
reduced energy bills. Finally, only homeowner households are eligible for public incentives
(Table 3).

Table 3. Percentage of costs and revenues of the implementation of a green area by type of tenure.

Costs and Revenues

Landowners

Tenants TotalMunicipality Condominium

IACP Households

Initial investment (garden planting cost) 76.9% 8.3% 14.8% - 100%
Operating costs (grass cutting, leaf collection, tree trimming, etc.) 76.9% - 14.8% 8.3% 100%
Operating revenues (energy bill savings due to passive retrofit) - - 64.1% 35.9% 100%
Operating revenues (public incentives) - - 100% - 100%

In order to evaluate the initial investment cost, C0, for garden planting and the oper-
ating costs, Ct, of the green areas (e.g., grass cutting, leaf collection, tree pruning, etc.), a
market survey was conducted, which resulted in unit parametric costs (euro/sq.m) for the
three scenarios. To determine planting costs, two large plant nursery companies based in
Sicily were consulted, and to assess maintenance costs, a private contractor who already
manages green areas in urban parks in the city of Palermo was contacted. The average
annual cost of trees used in the case study is EUR 36, which is similar to costs for public trees
used in Los Angeles [44], ranging from USD 29.39 to USD 39.44. The operating revenues,
Rt, derived from the use of vegetation as a passive energy retrofit measure, were calculated
from the utility bill savings resulting from reduced climatization energy consumption.
These data and those in Table 3 are the inputs to Equations (1) and (2) for calculating NPV
and IRR, respectively, by stakeholder, taking into account land and homeownership rates.

4. Results
4.1. The Microclimate in the Case Study Area

The results of the simulation executed with the ENVI-met model allowed us to under-
stand how the local climate would change with respect to the original weather data due to
the presence of green areas and their characteristics [49]. In particular, during the cooling
seasons, the simulations highlight maximum reductions of outdoor air temperature equal
to 0.79 ◦C, 0.98 ◦C and 2.23 ◦C for S1, S2 and S3, respectively. With respect to S0, those
reductions generate a positive effect on outdoor comfort. During the heating seasons, the
maximum reductions of outdoor air temperature are equal to 0.45 ◦C, 0.48 ◦C and 1.51 ◦C
for S1, S2 and S3, respectively (Table 4). With respect to S0, those reductions generate a
negative effect on outdoor comfort and probably on the energy consumption of buildings.
These values refer to the two most severe days.

Table 4. Maximum variation of outdoor air temperature in reference to Scenario 0.

Scenario
Maximum Variation of Outdoor Air Temperature (◦C)

Cooling Seasons Heating Seasons

S1 −0.79 −0.45
S2 −0.98 −0.48
S3 −2.23 −1.51

In order to evaluate the yearly building-climatization energy consumption for the
alternative scenarios, the hourly weather data for the whole year and for each alterna-
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tive scenario were calculated on the basis of S0 weather data. To do so, a simple linear
interpolation equation was used. In particular, the interpolation equations for outdoor air
temperature and vapor pressure, both as a function of outdoor air temperature and vapor
pressure, were built on the basis of the two severe days. These hourly weather data were
the input data for the EnergyPlus model.

Figure 7 shows the outdoor average daily air temperature trend for HRB and LRB, the
two selected representative dwellings.
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4.2. Energy Consumption of the Buildings

After having singled out the high-rise (HRB) and low-rise (LRB) dwelling samples,
simulations of the different scenarios were carried out using the EnergyPlus model. The
results of simulations in terms of heating and cooling thermal loads and related electrical
consumption, expressed in kWh/m2, are reported in Figure 8 and Table 5, where the
energy-saving percentages related to the different scenarios are also shown. Specifically,
energy savings related to heating and cooling consumption were estimated by setting the
coefficients of performance (COPs) to 3.5 for heat pumps and 2.5 for chillers, based on
values adopted in previous research [33,55].
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Table 5. Electrical energy savings for HRB and LRB dwellings in the different scenarios in reference
to S0.

Scenario

Energy Savings

HRB LRB

Heating
(kWh/m2)

Cooling
(kWh/m2)

Total
(kWh/m2)

Total
(%)

Heating
(kWh/m2)

Cooling
(kWh/m2)

Total
(kWh/m2)

Total
(%)

S1 0.60 −0.87 −0.27 −1.3% 1.44 −1.31 0.13 0.5%
S2 0.70 −1.08 −0.38 −1.8% 1.48 −1.65 −0.17 −0.6%
S3 1.82 −3.35 −1.53 −7.3% 3.18 −4.17 −0.99 −3.4%

4.3. Economic Feasibility of the Passive Energy Measure

The cash flows of the scenarios were calculated on the basis of the results of the
previous analyses and, in particular, the evaluation of the energy savings to which the
energy bill savings correspond.

The cost of garden planting is differentiated by scenario and depends on the type of
vegetation. The operating costs, on the other hand, vary both according to the scenario
and according to progressive tree growth. In S2, a full growth was assumed within 5 years;
in S3, full growth was assumed within 10 years, with an intermediate step after 5 years.
Operating revenues also vary according to the tree growth, and maximum revenue is
assumed in the 6th year for S2 and in the 11th year for S3.

The cash flow includes a public incentive, namely “Bonus Verde” (Green Bonus), cur-
rently in effect in Italy (law no. 205/2017 and law no. 178/2020). This incentive supports
owners or holders of a residential property who want to transform the outdoor spaces of
their home into gardens and consists of a tax deduction of 36% on a maximum expenditure
of EUR 5000 per property unit (or EUR 1800 max), which is divided into 10 annual install-
ments. In the case study, the Green Bonus can only be applied to homeowner expenses and
not to the total cost (Table 6).

Table 6. Total cash flows in the different scenarios.

Years 0 1–5 6–11 11–25

Garden planting, EUR −346,740
Operating costs, EUR −4800 −4800 −4800

S1 Energy bill savings, EUR −195 −195 −195
Green Bonus, EUR 1846 1846

Cash Flow, EUR −346,740 −3150 −3150 −4995

Garden planting, EUR −357,740
Operating costs, EUR −4800 −8400 −8400

S2 Energy bill savings, EUR −195 694 694
Green Bonus, EUR 1904 1904

Cash Flow EUR −357,740 −3091 −5802 −7706

Garden planting, EUR −358,440
Operating costs, EUR −4800 −8400 −8400

S3 Energy bill savings, EUR −195 694 3626
Green Bonus, EUR 1908 1908

Cash Flow, EUR −358,440 −3087 −5798 −4774

The cost of garden planting (Table 7) and the cash flows were recalculated on the
basis of the sharing of costs and revenues (Table 3) for the following stakeholders directly
involved in the project:

• The municipality, as owner of public land;
• Households that own residential units and related condominium areas (Figure 9a);
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• IACP, as owner of some housing units and condominium areas;
• Tenants, as users of IACP housing units (Figure 9b).

Table 7. Costs of garden planting by stakeholder and by scenario.

Scenario
Landowners

Tenants Total
Municipality Condominium

EUR
IACP
EUR

Households
EUR EUR EUR

1 266,766 51,265 28,709 - 346,740
2 275,229 52,892 29,619 - 357,740
3 275,768 52,995 29,677 - 358,440
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Figure 9. Cash flows (without the cost of garden planting) for tenants (a) and households (b) in the
different scenarios, in euros.

Figure 10 shows the resulting NPVs of the three scenarios by stakeholder. All NPVs
are negative, except the NPV of Scenario 3 for tenants, but only if the discount rate is less
than 5.8%.

In order to achieve environmental sustainability goals, in Italy, there are currently
public incentives to support energy retrofits of buildings, covering up to 110% of expenses
as a tax deduction, as a discount on the invoice or as a tax credit (law no. 77/2020). For the
purpose of the simulated calculation of economic feasibility, it was assumed that a similar
incentive can also be applied to the implementation of green areas by including them in
the list of eligible actions of energy retrofits of buildings.

This simulation was applied to the calculation of the NPV of households according to
two types of repayment:

• A 110% tax deduction of expenses over 5 years;
• A 100% invoice discount, consisting of the immediate repayment of 100% of expenses

as a discount on the invoice. The transfer of a tax credit to banks is very similar to this
type of repayment, as it is equal to approximately 102% of expenses.
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Figure 10. NPVs of the scenarios by stakeholder.

Figure 11 shows that in both cases, the NPVs are still negative for Scenarios 1 and 2,
whereas the NPV of Scenario 3 is positive discount rates below the IRRs, i.e., 1.7% for the
110% tax deduction and 5.58% for the 100% invoice discount.

Sustainability 2022, 14, x FOR PEER REVIEW 16 of 21 
 

as a tax deduction, as a discount on the invoice or as a tax credit (law no. 77/2020). For the 
purpose of the simulated calculation of economic feasibility, it was assumed that a similar 
incentive can also be applied to the implementation of green areas by including them in 
the list of eligible actions of energy retrofits of buildings. 

This simulation was applied to the calculation of the NPV of households according 
to two types of repayment: 
• A 110% tax deduction of expenses over 5 years; 
• A 100% invoice discount, consisting of the immediate repayment of 100% of expenses 

as a discount on the invoice. The transfer of a tax credit to banks is very similar to 
this type of repayment, as it is equal to approximately 102% of expenses. 
Figure 11 shows that in both cases, the NPVs are still negative for Scenarios 1 and 2, 

whereas the NPV of Scenario 3 is positive discount rates below the IRRs, i.e., 1.7% for the 
110% tax deduction and 5.58% for the 100% invoice discount. 

  

Figure 11. Households: NPVs of Scenarios 1, 2 and 3 by type of repayment. 

5. Discussion 
The results of the performed analysis put in evidence that there are significant differ-

ences between the outcomes of the studies scenarios, depending on the type of vegetation. 
Outdoor temperature annual trend changes between the different scenarios influence the 
energy consumption of buildings in different ways. In particular, in reference to the cli-
matic condition of the district and for all the considered scenarios, during the heating sea-
son, green areas cause an increase in energy consumption, although it is fully offset by the 
energy savings during the cooling season. According to the overall balance, the energy 
savings are very low for Scenarios 1 and 2, while Scenario 3, i.e., a garden with tall plants, 
provides significant savings for both HRB (−7.3%) and LRB (−3.4%) dwellings. 

The financial analysis, in terms of costs and benefits cash flow, shows that investment 
in green areas as a passive energy measure is a not profitable for any stakeholder when 
the vegetation consists of turf and/or low plants (Scenarios 1 and 2). Scenario 3 is only 
cost-effective for tenants. The NPV is positive for the latter because they do not pay the 
planting costs but benefit from energy bill savings in excess of operating costs. 

These results were expected because many studies have obtained a positive value by 
adding up all the benefits of green areas, such as the value of carbon storage, pollution 
removal, etc. For a public stakeholder, this result can be considered as a data to be inte-
grated with other evaluations on social benefits. Kunsch and Parks [44] have argued that 
public authorities should implement green areas as a tool to remove environmental ineq-
uity, especially in the redevelopment of low-income districts, as in the case of the Cappuc-
cinelli district. 

Our case study is an example of mixed land and building tenure; therefore, to imple-
ment the project, it is crucial to engage private stakeholders and to seek conditions of fi-
nancial feasibility. Public incentives in particular play an important role in achieving fi-
nancial feasibility of energy retrofit interventions [37]. If incentives are assumed and equal 

-30.000 €

-20.000 €

-10.000 €

0 €

10.000 €

20.000 €

0% 1% 2% 3% 4% 5% 6% 7% 8%

NPV

discount
rate 

Households (110% Tax deduction)

Scenario 1 Scenario 2 Scenario 3

-30.000 €

-20.000 €

-10.000 €

0 €

10.000 €

20.000 €

0% 1% 2% 3% 4% 5% 6% 7% 8%

NPV

discount
rate 

Households (100% Invoice discount)

Scenario 1 Scenario 2 Scenario 3

Figure 11. Households: NPVs of Scenarios 1, 2 and 3 by type of repayment.

5. Discussion

The results of the performed analysis put in evidence that there are significant differ-
ences between the outcomes of the studies scenarios, depending on the type of vegetation.
Outdoor temperature annual trend changes between the different scenarios influence the
energy consumption of buildings in different ways. In particular, in reference to the climatic
condition of the district and for all the considered scenarios, during the heating season,
green areas cause an increase in energy consumption, although it is fully offset by the
energy savings during the cooling season. According to the overall balance, the energy
savings are very low for Scenarios 1 and 2, while Scenario 3, i.e., a garden with tall plants,
provides significant savings for both HRB (−7.3%) and LRB (−3.4%) dwellings.

The financial analysis, in terms of costs and benefits cash flow, shows that investment
in green areas as a passive energy measure is a not profitable for any stakeholder when
the vegetation consists of turf and/or low plants (Scenarios 1 and 2). Scenario 3 is only
cost-effective for tenants. The NPV is positive for the latter because they do not pay the
planting costs but benefit from energy bill savings in excess of operating costs.
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These results were expected because many studies have obtained a positive value
by adding up all the benefits of green areas, such as the value of carbon storage, pollu-
tion removal, etc. For a public stakeholder, this result can be considered as a data to be
integrated with other evaluations on social benefits. Kunsch and Parks [44] have argued
that public authorities should implement green areas as a tool to remove environmental
inequity, especially in the redevelopment of low-income districts, as in the case of the
Cappuccinelli district.

Our case study is an example of mixed land and building tenure; therefore, to im-
plement the project, it is crucial to engage private stakeholders and to seek conditions of
financial feasibility. Public incentives in particular play an important role in achieving
financial feasibility of energy retrofit interventions [37]. If incentives are assumed and
equal to the planting cost, then economic feasibility in the management phase can also be
achieved for homeowner households in fully operational Scenario 3, when the trees are
fully grown, even without considering the other additional benefits.

Moreover, in order to achieve the global objectives of sustainability and CO2 reduction,
in recent years, the EU and many national governments have granted incentives for energy
retrofit measures that, in Italy, can equal up to 100% or even 110% of the expenditure,
as mentioned in the previous section. If green areas are included among the energy-
efficiency measures and an incentive equal to 100% of planting expenditure is granted,
integrated climatic, energy and economic analysis can support the choice of investing
in vegetation planting and management for private stakeholders, such as homeowner
households and tenants.

Another significant result is that the type of incentive influences the degree of con-
venience of private stakeholders. This aspect should be considered by legislators when
implementing incentive regulations if the goal is to achieve the greatest involvement of
local communities. In the case study, two types of incentives were applied, i.e., a tax credit
distributed over multiple years and an invoice discount. As a result, the former, Scenario 3
(Tax deduction), is cost effective if the investors have a very low expectation of profitability,
whereas the latter, Scenario 3 (Invoice discount), achieves profitability because the IRR
is higher than the opportunity cost of capital. If we consider investment in green areas
as a long-term investment, although it is private, we could compare IRR to long-term
investment rates, i.e., 1.7% or 3.0% (the 30-year yield of Italian government bonds as of
October 2021 [57] and the performance target rate of the Social Housing Fund (FIA) of
Italian Cassa Depositi e Prestiti [58], respectively). However, IRR is higher than the social
time-preference rate (STPR), set at 3.5% by the Green Book and used by several companies
in the assessment of tree value [59]. Although the variability of energy prices increases
the investment risk rate, it depends on many different factors, the evolution of which is
difficult to predict (e.g., national and international energy policies, production systems,
alternative energy sources, etc.). However, a positive IRR is a good starting point for adding
other monetary benefits (including an increase in the value of the property) in order to
convince private investors to participate in the project. In addition, urban green areas
provide multiple co-benefits, including monetary benefits, such as increased market price
of real estate; qualitative benefits, such as aesthetics; and social and ecological benefits, the
value of which may be adequate to justify the public and private expenditure for planting
and maintenance.

In the management of complex issues, such as energy efficiency in urban areas, the
integration of scientific knowledge and approaches of different disciplines is necessary and
useful to correlate various factors, such as macro- and microclimatic conditions, technologi-
cal characteristics of buildings, building typology, type of vegetation, land and building
tenure, investment costs, operating costs and revenues and public incentives. Owing to its
flexibility and to the possibility of adapting to different climatic conditions and building
characteristics, the proposed integrated approach can also be applied in larger urban areas,
i.e., at the sub-district, district, city and metropolitan level. Variation of the spatial scale
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affects the accuracy of the results due to a generally poorer precision of the input data and
limited computational resources (computational costs).

6. Conclusions

The proposed approach includes a feasibility assessment for both public and private
stakeholders participating in the financial support of urban green areas, considered a
passive energy measure. The integrated methodology was applied to a representative case
study of a Mediterranean coastal city to determine the optimal type of vegetation for a
green area in order to achieve the greatest comfort and energy savings and to evaluate the
cost-effective conditions for different stakeholders.

The results showed significant differences between the outcomes of the studied scenar-
ios, depending on the type of vegetation used in the green areas, and put in evidence how
economic feasibility for some stakeholders can be achieved in the management phase if
adequate incentives equal to the planting cost are assumed. Such results are representative
of the examined case study in terms of climatic conditions, size of the considered urban
area and thermal characteristics of buildings.

Therefore, further research is needed and should be developed under different cli-
mate conditions, technological characteristics of buildings, public/private rate of land
ownership, etc. Future research should also study the costs and benefits for each type of
stakeholder and for larger urban areas, i.e., at the sub-district, district, city and metropolitan
level. For example, operating costs can be reduced if the maintenance of the green area is
outsourced to non-profits or volunteer associations in an attempt to directly involve local
communities and residents. Hence, future research could analyze how funding tools used
in other contexts could be applied in green-space projects and assess their implications for
economic feasibility.

Such future research could support the decision-making process of private opera-
tors, as they can evaluate the advantages/disadvantages of investing in urban green-area
projects and thus induce public institutions to promote appropriate policies, recognizing
the role of green areas as a passive energy measure that deserves incentive funding.
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