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Abstract: The decentralization of the production sector crisis following industries in the suburbs have
generated a multitude of empty containers in the medium-large Italian cities, which are abandoned,
unsafe, and often dangerous for the community. From this arises the need to recover them and
transform them into something else. This is not always possible or interesting for the subjects
involved in the transformation. When the abandoned space is (even if only partially) polluted,
then any hypothesis of transformation is stopped due to the high impact of decontamination costs,
which greatly compromise the profitability of the investment. This paper deals with this issue
focusing on a complex case study involving the abandoned area and the buildings of a former paint
mill in the center of a typical city in the Turin metropolitan area. The suggested hypothesis is to act
only on building components and external areas without any ground modification because of its
contamination. Moreover, the new planned use (energy production from renewable sources to supply
part of the public administration’s needs) does not foresee neither a stable presence of people nor a
further consumption of land. The technical analysis of community energy needs and the subsequent
economic and financial study lead to a financial sustainability over a period of about 25 years.

Keywords: brownfield; economic sustainability; land contamination; energy production; regeneration;
city resilience

1. Introduction

During the 20th century, between the 1950s and 1960s, Italy had rapid economic growth and
technological development in the reconstruction after the Second World War. Between 1957 and 1960,
in just three years, the industrial production recorded an average increase production of 31.4% [1].
This was driven by the highest development into the fields of car production, precision mechanics,
and fiber-related artificial textile [2]. The industry’s development needed new production plant and
infrastructures for the connections. Therefore, it became the promoter of a quick change of the national
physiognomy of the territory. The country landscape changed and the essentially rural and agricultural
society spread in large urban and industrial suburbs. Neither coasts and small villages were spared
and were turned into seaside amenities or tourist resorts to meet the new demands raised by the new
industrial and urban society. In addition, entire areas were constructed to accommodate the workers’
homes besides industrial sites.
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Even if, on one hand, the industrial development was undoubtedly beneficial because it brought
about a general improvement in the living conditions of the population thanks to the creation of new
jobs and to the implementation of public services, on the other hand, it was also the cause of a wicked
consumption of land. The lack of both proper general planning and standards for environmental
protection led to a significant anthropization and pollution of rural landscape, which are the cause of a
strong fragility of the territory today.

Nowadays, however, many industrial areas–built during those years of strong expansion–are into
disuse and waste [3]. This is because, over the decades, some industries developed in the post-war
period, due to the production sector crisis [4], shut down for bankruptcy, because their processes
with the changing of workers’ health requirements, or because the increasing fiscal pressure leaded to
delocalization. From this arises the need to recover them and transform them into something else [5–7].

Too often, the areas in property of that companies were not decommissioned nor reclaimed.
If the abandoned space is polluted, then any hypothesis of transformation is discarded due to the
high impact of decontamination costs [2,8–11]. Today in Italy, there are many disused industrial
sites so-called “brownfields” [3]. This phenomenon is not only Italian, as it affects many countries
of the world [12]. In the report of the working group “Brownfield Redevelopment” of the network
CLARINET (Contaminated Land Rehabilitation Network for Environmental Technologies), a project
founded under the Environment and Climate Programme of the European Commission, they are
defined as “brownfields”: ‹‹ sites that have been affected by the former uses of the site and the surrounding
land; are derelict or underused; have real or perceived contamination problems; are mainly in developed urban
areas; require intervention to bring them back to beneficial use ›› [13].

Even if, in the United States, it is estimated that there are at least 450,000 brownfields, in Europe,
the quantification of the “phenomenon” is more difficult. Only a few countries have assessed brownfield
consistency, although they represent a widely recognized problem. According to a 2002 survey in
Germany, brownfields are estimated to occupy approximately 128,000 hectares of land. Meanwhile,
in the United Kingdom, they occupy an estimated 39,600 hectares of land, in France, 20,000 hectares,
in Holland, 10,000 hectares, and in Belgium (Wallonia), 9000 hectares [12]. In Italy, however, the disused
industrial areas represent about 3% of the national territory, for a total amount of about 9000 square
kilometers, of which about 30% is located in the urban area [14]. To date, there is no national census
of abandoned industrial areas. However, there are some surveys carried out at municipal level.
An example is the “Trentametro” project drawn up by the metropolitan city of Turin [15]. In the latter,
the disused industrial areas were mapped and a geo-referenced on a web platform, containing some
information about each site (Figure 1). In total, more than 130 sites exist, mostly between 5000 and
10,000 square meters in size.
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Figure 1. Extract of brownfields map of Turin metropolitan area and some short information for a
single selected case [15].

Given the magnitude of the problem, it is necessary to think about adaptive policies aimed at the
reuse of areas that are currently in a state of decay. The site’s pollution condition greatly reduces the
market value [16] and compromises the investment profitability [17]. Often, the costs for their full
recovery is not compatible with the financial availability of public administrations, so to reconcile
the economic constraints of the public administration with the desire to make these areas useful,
it is necessary to identify interventions that do not deal with their full recovery, but postpone it,
thus reducing the initial investment costs.

How to have a resilient approach/response to the problem, trying to prefigure concrete and
not–often–utopian scenarios for the achievement of urban-territorial transformations? Some recent
publications deal both with the multidisciplinary and complex nature of urban resilience [18,19] and
with the measures for the resilient city of the future [20,21]. If, on the one hand, the higher costs of
intervention due to the site reclamation need important public actions to increase the attractiveness
of these transformations (reduction of urbanization costs, greater volume, etc.), on the other hand,
it is necessary that the municipalities address this issue without delaying a position because time will
inevitably create social impacts. For all these reasons, the presented case study aims to verify how
(economically and financially) possible the (resilient) scenario that specifically addresses the problem
of decontamination related costs, showing all its resilience avoiding abandonment and producing
green energy.
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2. Materials and Methods

We considered an abandoned industrial area in Piedmont as a case study, aiming at verifying
the financial and economic sustainability of a clean energy production intervention for municipal
public use, postponing reclamation and recovery works (Table 1). The site chosen is located in the
metropolitan area of Turin in a peripheral area in the south-west of Ciriè old town. On the site, there are
the buildings that were once owned by a company which, after being the cause of over hundreds death
from bladder cancer, closed in 1982 (Figures 2–4). Then, a more recent company owned the area and
crammed large quantities of toxic waste inside the buildings, generating a heavy pollution of the entire
underground site. After that, the area was purchased by the Town Council for about 335,697.00 €.
At the end of 1990s, a first surface decontamination was carried out thanks to a Ministry funding
of about 3,098,741.00 € [17]. However, the subsoil reclaim has still to be carried out. The possible
types of land reclamation work span from surface capping to excavation and disposal. Depending
on the type of intervention, the costs are very different. In the hypothesis, to carry out the simplest
(superficial capping), the cost would be approximately 1.500.000,00 €, or 75 €/m2 [2]. With regard to the
considerable costs associated with land reclamation works, it is assumed these can be deferred over
time (or not supported at all) and postponed until retrieve the area to make it permanently stable again.

Table 1. Case study main quantitative data.

Quantitative Data

Sterritorial 20,531 m2 Vbad state buildings 31,983.4 m3

icoverage 0.514 - Vmedium state buildings 56,905.1 m3

Vtotal buildings 105,969.2 m3 Vgood state buildings 17,080.7 m3
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Assuming that the area can be used for energy production, to supply part of the public
administration’s needs, some further clarifications are required. First, it is assumed the town
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administration provides demolition of the dilapidated buildings, thus achieving a clearance of part of
ground. Second, we can create a photovoltaic field within the town using the free areas of the site
and building roofing that were put in safe to partially compensate for the electricity needs of public
users (schools, malls, etc.) without land consumption [23,24]. All this, without any interference with
the polluted ground, is possible through the use of a very light system to secure the photovoltaic
supporting frame to the ground without excavation (Figures 5 and 6).
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Figure 7.
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The first step was to identify the public utilities whose electrical requirements have to be partially
met and to find the necessary data for these. From these, an approach was constructed, which allowed
us to estimate the users’ electricity consumption of each hour of a type of day. Then, the photovoltaic
field was sized and the daily average production of electricity was estimated with reference to a type
of day of each month of the year. A procedure to estimate the electricity produced by the photovoltaic
field from hour to hour over a type day was developed and the contractual regime to be established
between the public administration and the manager of energy services (GSE) was chosen. After that,
relatively about a referenced time (year #0), the quantities of energy requested and consumed by
the users themselves and the quantities of energy fed into the grid was determined on the basis of
two opposing hypotheses: It is possible/not possible to self-consume the energy produced by the
photovoltaic field. Twenty-five-year projections were drawn up, on the basis of the obtained data,
to identify the variation in the above quantities of energy based on two assumptions: That the annual
electricity demand will be always constant and equal to that defined for year #0, and that there will be a
decline in annual producibility of 0.75% starting from year #0. Therefore, the revenues for year #0 were
defined because they derive from the feeding into the grid of electricity produced by the photovoltaic
field and/or by the self-consumption of energy. Twenty-five-year projections were drawn up starting
from the costs related to the purchase of energy, identified for the year #0 of reference, on the basis
of two different cases: That the costs will be the same of the year #0 for the years to come, and that
the costs of energy will be increased of 2.5% from year #1 onwards. Then, the costs of the plant were
calculated, as well as the operating costs (insurance, ordinary and extraordinary maintenance) and
the costs relating to the contract with the energy services manager (GSE) for the year #0. After that,
even in this case, 25-year projections were carried out assuming two different cases: That the operating
costs will be constant over the years, and that the operating costs will undergo annual inflation of 2%.
At this point, according to four different hypotheses, four different BPs were drawn up to check the
investment sustainability.

3. Results

In the municipality, the public utilities are distributed on the territory and are identified by
43 points of electrical delivery relative to: 14 housing, one library, one day-care center, two nursery
schools, four elementary schools, two high schools, one grammar school, three malls, five wells and
fountains, one joint accommodation, a public toilet, two performing areas, five security cameras,
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and one local police command. As there no files available about electricity bills, the city technical office
expense estimation was assumed together with the power characteristic of each user.

The Italian Electricity, Gas, and Water Authority (AEEGSI) publishes quarterly tables on electricity
fares for users on the economic conditions of highest security service. These fares vary depending on
whether the power delivery point is for a “domestic use” or “other use;” and on the appointed power
and maximum power available [26].

The appointed power is the level of power stated by contracts, defined according to the customer’s
requirements at the contract time and depending on the type and number of electrical appliances
currently on. Instead, the maximum available power is the level above, in which there is an automatic
shut off of the electricity delivery. Thus, assuming that the utilities considered in this case of study are
all subjected to the economic conditions of highest security service, we considered each appointed
power (PI), the max available power (PD), and the fares applied (CT). Therefore, it was possible to
track back to the true annual cost for electricity of each user. Each AEEGSI table is organized as matrix:
The rows contain the energy cost, the flat fare, and the power dispatch. On the columns, however,
there are three macro sectors that are sales services, network services, and general system charges.
Each of that is, in turn, composed of a certain number of items for which a specific cost is defined [27].

Taxes do not apply to values on the tables just mentioned, so in order to obtain the final expense,
VAT and VAT rates have to be identified and added to the bill. On this matter, even in this case,
the values are provided by AEEGSI in tabular form. In the case of study, all the points of delivery
(“POD”) are of “Low Voltage Other Uses” kind as the annual consumption for each point is less
than 200,000 kWh per annum, the duty tax is equal to 1.25 cent €/kWh [28], while VAT is 22% for
42 utilities and 10% only for one of them. Another issue involved in energy billing is the power timing
(peak/off-peak hours). We had no data, but as we are mostly dealing with housing and schools, it was
possible to hypothesize:

• The great part of electricity consumption takes place from Monday to Friday between 8:00 and
18:00, (peak hours, F1 price);

• The estimated average monthly consumption (CMS) derives from the equal divide of the estimated
annual average consumption (CAS) in 12 (months of the year). It should be noted that the CMS is
defined depending on the power day timing schedule. However, the hypothesis assumed above
implies the estimated average month consumption off peak (F2 + F3) is negligible, while the most
part of the power is in the peak hours (F1).

In each transaction, for each point of delivery, the costs of sales services, network services, and duty
for each of the three quotas on which each electric bill is made, namely the energy quota, the flat
fare and the power dispatch were recorded. The value defined by the sum of the energy quota and
the taxes is of paramount importance to evaluate the profitability of a photovoltaic field installation.
This value was calculated as for VAT at the initial stage of overall cost assessment only instead in
the subsequent economic considerations it is no longer taken into account because a turn-around
between purchasing and selling energy under on-trade exchange is considered. Summing up the
quantities obtained for each point of delivery, it is estimated that the municipality has to face a total
year expenditure for electricity of about €200,000.00 (682,469 kWh) (Table 2). The parametric value of
energy quota is 0.171 €/kWh.
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Table 2. List of total annual costs due to the electricity requirements deriving from individual users.

List €/Year €/(kWh per Year)

Energy share €107,983.45 €0.1582
Energy share + Fixed share + Power share €156,388.63 €0.2292
Treasury tax €8,530.86 €0.0125
Energy share + Treasury tax €116,514.31 €0.1707
Energy share + Fixed share + Power share + Treasury tax €164,919.49 €0.2417
Value added tax (I.V.A.) €34,348.80 €0.0503
Energy share + Fixed share + Power share + Treasury tax + I.V.A. €199,268.29 €0.2920

Each electricity bill, as seen before, is based on the value attributed to the kWh at the time of
usage, and the 43 PODs were condensed into a unique fictitious one to achieve a simple calculation
process. In this way, an hourly power schedule could be defined, taking it from the daily requirement
of all the utilities, equal to 2700 kWh. Since the hourly energy quantities required by the fictitious POD
actually depend on the real users’ behavior, which is not known ex ante, it was necessary to assume a
daily load profile to be applied to the typical customer.

This profile is composed on two functions: A constant, taking into account the plafond energy
demand, and a variable, taking into account the power demand hour per hour. Through this profile,
the different amount of energy required by the fictitious POD “all-utilities” was obtained. In Table 3,
wn the value concerning: average percentage required power (PPMR), peak hourly required energy
(EOPR), average hourly required energy (EOMR), hourly required energy (EOR), and percentage of
required energy in one hour compared to the total of the day (% ER_ToT) are shown.

Table 3. List of electricity required for each hour of the day from the fictitious sampling point.

Hours

7 8 9 10 11 12 13 14 15 16 17 18

PPMR
[%] 0 100 75 50 25 0 0 25 50 75 100 0

EOPR
[kWh] 0 338.5 253.9 169.3 84.6 0.0 0.0 84.6 169.3 253.9 338.5 0

EOMR
[kWh] 0 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 0

EOR
[kWh] 0 440.1 355.5 270.8 186.2 101.6 101.6 186.2 270.8 355.5 440.1 0

ER_ToT
[%] 0 16 13 10 7 4 4 7 10 13 16 0

Using a simple tool for preliminary photovoltaic panel evaluation, the photovoltaic system was
drafted. We planned 38 rows of 18 photovoltaic modules (285 W peak output each) inclined by 30◦

compared to the horizontal (and exposed to the south). They work together with a 200 kW inverter,
aiming toward a total peak output of about 195 kW. The software simulation considers the solar
radiance month by month, so we obtain the average amount of electricity produced monthly. This value
is supposed equally divided on each day of the relative month, giving the typical daily production for
each month and the average daily area production (Table 4).
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Table 4. Monthly average produced energy (Emp), daily average produced energy (Egp), and daily
average produced energy per square meter of photovoltaic panel (Egmp).

Months Emp
[kWh] n◦ Days Egp

[kWh]

Fotovoltaics
Field
[m2]

Egmp
[kWh/m2]

January 10,104.2 31 325.9 1340 0.2432

February 13,610.6 28 486.1 1340 0.3628

March 21,788.2 31 702.8 1340 0.5245

April 22,822.7 30 760.8 1340 0.5677

May 24,848.5 31 801.6 1340 0.5982

June 25,605.8 30 853.5 1340 0.6370

July 26,930.7 31 868.7 1340 0.6483

August 25,023.4 31 807.2 1340 0.6024

September 20,885.7 30 696.2 1340 0.5195

October 18,339.6 31 591.6 1340 0.4415

November 13,068.2 30 435.6 1340 0.3251

December 10,196.1 31 328.9 1340 0.2455

Assessing the needed area, the main goal was not to perturbate the ground to build foundation
for supporting the rows of photovoltaic panels. Any excavation would have produced amount of
polluted ground to be decontaminated before its transfer to a landfill site. On the other hand, in Italy,
a lightly polluted site can be used if there is not any continued human presence and if the soil is left
untouched [2]. In this frame, the support system for the photovoltaic panels that resulted in low
compliance consists of four vertical elements linked by two brace elements and in four horizontal
elements, bearing the photovoltaic panels screwed on them. At the base of the support of the vertical
elements, there are four tubular elements at 45◦, which act also as a guide to give the right inclination to
the 1.5 m long bars which were once fixed into the ground by means of am electro pneumatic hammer.
This guarantees the anchoring of the entire module. This system is inspired to the anchoring modalities
of tree roots [25].

Concerning the photovoltaic billing option, we assumed the public administration’s best choice is
the onsite exchange, and in this eventuality, we proceeded to a more detailed analysis. We determined
the amplitude of each solid angle is crucial, as we assumed this is directly proportional to the
photovoltaic panel hourly production to assess the economic viability of this simulation. Using solar
cards, it was possible to outline a photovoltaic panel sun exposure in a typical day for each month, and
thus to define the solid angles of the sun rays hour per hour. These angles are functions of azimuth
angles and solar heights singled out by the sun during its daily journey as tabulated on solar maps.
Considering the distance between this photovoltaic field and all the PODs (points of power delivery)
and the opportunity to establish onsite exchange system (SSP) [29] with the Italian Energy Services
Manager (GSE), two different scenarios were suggested:

i. Scenario A: Concurrent energy self-consumption is possible;
ii. Scenario B: The photovoltaic production is transferred to the energy network and then delivered

later to the users.

Referring to similar studies [30–33], we summarized the economic analyses below considering the
initial situation (year #0) in which all the energy involved comply with the two scenarios previously
hypothesized: By determining the users energy demand and the photovoltaic panel performance hour
by hour, it was possible to calculate the electricity to and from the network beside the self-consumed
quota in each period (Tables 5 and 6) At last, the quantities for peak and off-peak time were summed to
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obtain, for the year #0, the values of the yearly energy network demand and of the consume quota
(Tables 7 and 8).

Table 5. Energy volume.

Scenario A-Year #0

Energy Peak and Off-Peak Time

F1 Band F2 Band F3 Band

Er 682,469.0 kWh Er 0.0 kWh Er 0.0 kWh
Eprod 159,031.5 kWh Eprod 35,541.0 kWh Eprod 38,651.3 kWh
Etaken 536,979.3 kWh Etaken 0.0 kWh Etaken 0.0 kWh

Ein −13,541.9 kWh Ein −35,541.0 kWh Ein −38,651.3 kWh
Eself c. 145,489.7 kWh Eself c. 0.0 kWh Eself c. 0.0 kWh

Table 6. Energy volume.

Scenario B-Year #0

Energy Peak and Off-Peak Time

F1 Band F2 Band F3 Band

Er 682,469.0 kWh Er 0.0 kWh Er 0.0 kWh
Eprod 159,031.5 kWh Eprod 35,541.0 kWh Eprod 38,651.3 kWh
Etaken 682,469.0 kWh Etaken 0.0 kWh Etaken 0.0 kWh

Ein 159,031.5 kWh Ein 35,541.0 kWh Ein 38,651.3 kWh
Eself c. 0.0 kWh Eself c. 0.0 kWh Eself c. 0.0 kWh

Table 7. Total energy volume.

Scenario A

Total for Year #0

Er-TOT 682,469.0 kWh
Eprod-TOT 233,223.8 kWh
Etaken-TOT 536,979.3 kWh
Ein-TOT 87,734.1 kWh
Eself c.-TOT 145,489.7 kWh

Table 8. Total energy volume.

Scenario B

Total for Year #0

Er-TOT 682,469.0 kWh
Eprod-TOT 233,223.8 kWh
Etaken-TOT 682,469.0 kWh
Ein-TOT 233,223.8 kWh
Eself c.-TOT 0.0 kWh

Each scenario leaded to two different results. The energy produced by the photovoltaic panel
represents 34% of global demand in both scenarios, while the self-consumed quota is 21% in scenario
A and drops to 0% in scenario B.

Acquiring these data for year #0, 25-year projections were made, assuming the annual electricity
demand being constant through the decades and an annual productivity decay of 0.75%. The revenues
deriving from the photovoltaic panel installation depend on two factors: The GSE exchange money
contribution, and the savings due to the self-consumed quota. In scenario A, the first is worth about
13,000.00 €, while in scenario B, it is worth about 36,000.00 €. The difference between the two values is
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due to the fact that in the scenario B, the electricity produced by the photovoltaic plant is directly given
into the electric network, while in scenario A, a quota of this energy is self-consumed.

Considering a cost of a 0.17 €/kWh (duties included), the self-consumption energy results equal
25,000.00 € savings. To assess the economic soundness of the investment, two 25-year simulations were
made according to the two different hypotheses above summarized. In the first, all the electricity costs
of remain the same as those of the year #0, while in the second, we assumed an annual increase of 2.5%.

The “turnkey cost” of a photovoltaic system with powers from 20 to 200 kW is about 1300 €/kWp,
so the initial investment in the case under consideration includes an outlay of 253,500.00 € [34].
These costs, which include the purchase of photovoltaic modules, inverters, support structures,
electrical equipment, design, and installation, are all concentrated in the startup time. Then, we have
the management expenditure (insurance, ordinary, and extraordinary maintenance [35]). A local
survey shows 6.50 €/kWp insurance cost, while we have to consider an average yearly extraordinary
maintenance costs of 0.75% of the initial expenses.

Every 10 years, the inverters are expected to be replaced. This item changes by about the 10% of
the initial cost. Last, each year, GSE will have to be paid for activating the SSP: In Italy, the fixed fee
(30 €/year), the connection point fee (45 € for each PODs, 43 in total), and the variable fee of 1 €/kW
(175.00 € because the first 20 kW are considered in the fixed fee). Twenty-five-year projections based on
two different hypotheses were also made for management costs: One that assumes that costs constant
(hypothesis 1), and the other, where it is assumed instead that they undergo an inflation of 2% per
annum (hypothesis 2). All considered, we have four different financial economic plans [36] (Table 9).

Table 9. Summary assumptions for each calculated business plan (BP).

BP Savings for
Self-Consumption

Exchange Account
Contribution

Energy Inflation Rate
(2.5%)

Costs Inflation Rate
(2%)

1
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Assuming that the municipality is directly involved in the investment by its own capital of 
approximately € 78,500.00 (30% of the total cost of the plant), while the difference (about 180,000 €) is 
founded by a 20-year mortgage loan at a rate of 2.60% [37]. An annual depreciation of 4% will apply 
[38]. Every year, the Regional Tax on Productive Activities must be paid (8.5%) on the tax base. 

4. Discussion and Conclusion 

In order to evaluate the profitability of the intervention, it is necessary to define an index that 
represents the weighted average cost of money, WACC [39,40]. This index is estimated at 5.42% and 
expresses the minimum acceptable return to find the proposed investment economically acceptable. 

By calculating cash flows for each BP and discounting them at the defined discount rate (5.42%), 
the net present value (NPV) is obtained. Once calculated, the internal rate of return (IRR), a positive 
NPV, and the calculated value for the IRR greater than that calculate WACC must have been achieved 
to consider the investment acceptable. By performing the calculations described above in all the four 
financial plans previously prepared, the results are shown in the following table. 

Table 10. Summary of WACC, NPV, and IRR final values for each Business Plan (BP) drawn up. 

 BP#1 (25 Years) BP#2 (25 Years) BP#3 (25 Years) BP#4 (25 Years) 
WACC 5.42% 5.42% 5.42% 5.42% 

NPV −€ 17,111.80 € 95,651.20 −€ 36,840.75 € 45,365.27 
IRR 4.7% 8.7% 3.8% 7.1% 

Looking at the Table 10, it can be seen that only BP#2 and BP#4 would be acceptable, i.e. those 
that provide for an annual update of the cost of energy and management costs by applying the 2.5% 
rate for the first and 2% for the second. BP#1 and BP#3 appear to be unacceptable, as the NPV is 
negative and the IRR is lower than the WACC. However, even considering the worst (BP#3), 
imposing a WACC equal to the IRR would result in the current net value (NPV) to zero. As previously 
stated, the plant does not result in any increase in profit. However, even in this case, looking at the 
investment from the environmental point of view, it actually brings a benefit by avoiding the release 
of large amounts of carbon dioxide, about 2,833 tons in 25 years. So, even if the hypothesis that leads 
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Assuming that the municipality is directly involved in the investment by its own capital of
approximately €78,500.00 (30% of the total cost of the plant), while the difference (about 180,000 €)
is founded by a 20-year mortgage loan at a rate of 2.60% [37]. An annual depreciation of 4% will
apply [38]. Every year, the Regional Tax on Productive Activities must be paid (8.5%) on the tax base.

4. Discussion and Conclusions

In order to evaluate the profitability of the intervention, it is necessary to define an index that
represents the weighted average cost of money, WACC [39,40]. This index is estimated at 5.42% and
expresses the minimum acceptable return to find the proposed investment economically acceptable.

By calculating cash flows for each BP and discounting them at the defined discount rate (5.42%),
the net present value (NPV) is obtained. Once calculated, the internal rate of return (IRR), a positive
NPV, and the calculated value for the IRR greater than that calculate WACC must have been achieved
to consider the investment acceptable. By performing the calculations described above in all the four
financial plans previously prepared, the results are shown in the following table.

Looking at the Table 10, it can be seen that only BP#2 and BP#4 would be acceptable, i.e., those that
provide for an annual update of the cost of energy and management costs by applying the 2.5% rate
for the first and 2% for the second. BP#1 and BP#3 appear to be unacceptable, as the NPV is negative
and the IRR is lower than the WACC. However, even considering the worst (BP#3), imposing a WACC
equal to the IRR would result in the current net value (NPV) to zero. As previously stated, the plant
does not result in any increase in profit. However, even in this case, looking at the investment from the
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environmental point of view, it actually brings a benefit by avoiding the release of large amounts of
carbon dioxide, about 2833 tons in 25 years. So, even if the hypothesis that leads to BP#1 and BP#3
occurs, the investment would still be environmentally sustainable, which is now requested in Italy by
law for all public works as a result of the application of the minimum environmental criteria [41].

Table 10. Summary of WACC, NPV, and IRR final values for each Business Plan (BP) drawn up.

BP#1 (25 Years) BP#2 (25 Years) BP#3 (25 Years) BP#4 (25 Years)

WACC 5.42% 5.42% 5.42% 5.42%

NPV −€17,111.80 €95,651.20 −€36,840.75 €45,365.27

IRR 4.7% 8.7% 3.8% 7.1%

The investigated scenario (redevelopment for energy production) aims, when possible, to partially
respond to the main critical issues related to the process of brownfield regeneration [42–44], achieving
two goals at the same time: Not consuming land for new plants and helping to reduce costs incurred
by the municipality for public services (schools, lighting, etc.).

Analyzing current paper on brownfield [11,43–45], we can say that literature, in many cases,
covers statistically definitions of parameters or indicators from a large dataset (land remediation
costs, local actor role in re-development, policies need, etc.). Some single-case studies lead, instead,
to scenarios of re-naturalization [46–48], that, mainly in inner-city sites, is more utopian than what the
paper has prefigured. As recent similar case studies [42,49,50], the research is carrying on analyzing
possible forms of public private partnership (PPP) in order to verify how to involve private capital
for this urban transformation. In order to overcome the distance between public finance and private
investments [51], the economic and financial convenience of real estate transformations in neighboring
areas is also currently verifying to determine whether, through a convention, the private developer can
carry out specific interventions (instead of requested urbanization costs) on the buildings area fence
wall and on the soil, allowing the placement of monitoring probes for soil pollution levels.

In conclusion, the higher costs of intervention due to the site reclamation need important public
actions to increase the attractiveness of these transformations: Otherwise, a real estate developer will
always choose–on an equal basis of attractiveness–those areas with the lowest related costs in order
to increase his profit. So, it is necessary that the municipalities address this issue without delaying a
position, promoting–as done by large metropolitan cities around the world [20]–resilient tools and
strategies for planning future direction.

Future developments of the research aim at testing the method on the largest sample of brownfield
in the metropolitan area, classifying the plots by similarities, and, for homogeneous subsets, verifying
the technical and economic-financial feasibility of different intervention alternatives (reconversion,
energy production, re-naturalization, etc.).
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46. Song, Y.; Kirkwood, N.; Maksimović, Č.; Zhen, X.; O’Connor, D.; Jin, Y.; Hou, D. Nature based solutions for
contaminated land remediation and brownfield redevelopment in cities: A Review. Sci. Total Environ. 2019,
663, 568–579. [CrossRef] [PubMed]

47. Li, X.; Bardos, P.; Cundy, A.B.; Harder, M.K.; Doick, K.J.; Norrman, J.; Williams, S.; Chen, W. Using a
conceptual site model for assessing the sustainability of brownfield regeneration for a soft reuse: A case
study of Port Sunlight River Park (U.K.). Sci. Total Environ. 2019, 652, 810–821. [CrossRef]

48. Maantay, J.A.; Maroko, A.R. Brownfields to greenfields: Environmental justice versus environmental
gentrification. Int. J. Environ. Res. Public Health 2018, 15, 2233. [CrossRef] [PubMed]

49. Morano, P.; Tajani, F. Saving soil and financial feasibility. A model to support public-private partnerships in
the regeneration of abandoned areas. Land Use Policy 2018, 73, 40–48. [CrossRef]

50. Kiss, I.; Reith, A. Architectural and urban design tools for reducing energy consumption in cities.
Pollack Periodica 2013, 8, 151–161. [CrossRef]

51. Caneparo, L.; Rolfo, D. From energy renovation to urban renovation: Tools for financing urban quality.
Territorio Italia—Land Administration, Cadastre, Real estate 2017, 1, 97–116. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jclepro.2018.12.061
http://dx.doi.org/10.3390/su10124745
http://dx.doi.org/10.1051/lhb/2018038
http://dx.doi.org/10.1016/j.scitotenv.2019.01.347
http://www.ncbi.nlm.nih.gov/pubmed/30726765
http://dx.doi.org/10.1016/j.scitotenv.2018.10.278
http://dx.doi.org/10.3390/ijerph15102233
http://www.ncbi.nlm.nih.gov/pubmed/30321998
http://dx.doi.org/10.1016/j.landusepol.2018.01.036
http://dx.doi.org/10.1556/Pollack.8.2013.3.15
http://dx.doi.org/10.14609/Ti_1_17_4e
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion and Conclusions 
	References

