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Abstract: The scarcity of drinking water is an increasingly pressing issue in many regions of the
world, even in areas up till now considered developed. Climate change deprives many populations
of the amount of water necessary for human consumption and traditional crops. Therefore, finding
new water sources and making their usage more efficient and able to adapt to new environmental
conditions without worsening the situation with further pollution is becoming mandatory. In the
case study considered here, set on the Italian island of Vulcano in the Central Mediterranean, we
propose the economic analysis and financial sustainability of plants for the desalination and recycled
wastewater, powered by a DC-DC photovoltaic tracker system with silicon crystal panels sustained
by a daily pack of lithium batteries. We present an estimation of the necessary budget, and propose a
mix of traditional and innovative financial instruments to construct and analyse the economic trends
of the installations over 30 years, considering the specific area price levels, salaries and interest rates.
Finally, through the net present value index, we evaluate the financial sustainability of the entire
operation, namely, identifying the circumstances when funding and building these plants in areas as
remote as the one considered here is cost-effective.

Keywords: budget preparation; financial instruments; financial analysis; financial sustainability; high-
voltage direct current transmission; photovoltaic; lithium batteries; desalination; wastewater recycling

1. Introduction

The island of Vulcano, which is part of the Aeolian archipelago and under the admin-
istration of the Municipality of Lipari and the Region of Sicily, has many characteristics
typical of many peripheral Mediterranean areas [1]: a population below 10,000 inhabi-
tants, little building space, economic and social conditions below the national average,
serious backwardness in infrastructure and technological development. However, it has an
environment extremely favourable for the development of renewable energies, an active
involvement of a large part of the population to ensure an improvement in living conditions
(prices, wages, services, etc.) and a special interest of the European Union in bridging the
gaps in economic and social factors that separate the continent from areas like this that
have so far remained on the fringes of development.

The first steps to bring essential services to residents have already been taken in
2013 with the approval of a reverse osmosis (RO) desalinator set to satisfy the necessities
of both inhabitants and tourists; the inauguration took place in 2019 after a challenging
administrative process and, since then, the island has been able to have access to high-
quality controlled drinking water without needing more very expensive weekly supplies
via tankers.

Along with this already functioning structure, we will add a sewage treatment plant
(not yet existing) and a biaxial tracking solar power plant combined with a DC-DC system
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of lithium batteries to power both plants for the entire life span of the project (30 years) as
an alternative to the only other energy source present, a diesel power plant.

Starting from the already available desalter construction [2] and maintenance [3] costs,
we perform an economic analysis comprising these structural additions that aim to make the
existing water system more efficient and sustainable both financially and environmentally.

We first introduce the main components of the proposed integrated system and pro-
vide a concise technical description of their functionality. Subsequently, we outline the
methodology employed to calculate their costs, as well as potential revenues.

This is followed by the identification and exploitation of the most suitable financial
instruments available to finance these expenses; subsequently, we introduce the employed
index to assess the financial sustainability of the overall project for prospective investors.

Furthermore, we calculate a budget trend encompassing the expected costs and rev-
enues based on various factors such as price levels, wages, and interest rates. These
estimates are derived from on-site data and reliable sources.

Finally, we determine a price for the sold water that satisfies the financial sustainability
index, accounting for the environmental benefits derived from the monetization of carbon
dioxide savings achieved by utilizing renewable sources to power the integrated system.

The primary sources underpinning this forthcoming presentation are derived from
our prior study [4] in the same area, albeit with some infrastructural modifications, as
well as an article [5] published within this same journal. The latter source provides a solid
technical foundation for structuring the engineering aspects of the proposed plant.

2. Materials and Methods
2.1. Integrated Water System: Desalter and Wastewater Purifier
2.1.1. Operating Processes

The desalination and wastewater recovery processes chosen in this project follow
almost identical phases with numerous similarities in the technologies: both use pumps to
collect the water to be treated (from the sea and from the sewage system) and then gather
them in basins where they undergo pre-treatment to free them from physical residues (such
as sand or plastics) and chemical substances (such as oils).

Once this process is completed in the desalination plant, the treated sea water is
pushed through a membrane system depriving it of any suspended mineral salts and
bacterial flora to obtain perfectly distilled water and brine as processing waste, a thick
liquid made up of water, salts and microorganisms.

In the purification plant, the sewage water, still full of organic residues, after the
pre-treatment must first undergo another type of processing through the introduction
of chemical substances and digestion processes in special tanks. This process serves to
prevent the development of dangerous toxic substances caused by the action of bacteria and
algae present that thrive naturally in urban waste. After a few weeks, the pre-treated and
digested wastewater is ready to be pumped through a membrane system that separates the
suspended solid components and microorganisms from the final product, water intended
for non-human consumption (for example in agriculture); this liquid is free from harmful
elements and the resultant waste made by organic residues once dried can be reused both
as fertilizer and as fuel.

Lastly, in both plants the water produced is conveyed to collection tanks connected
to the city water systems where it undergoes the last chemical processes: the distilled
water produced by the desalinator is made potable introducing some additives to obtain
drinkable water, and for recycled water small quantities of substances are added to prevent
the few bacteria still present from proliferating, making it storable for many months. The
brine is eliminated by releasing it into the sea (in a suitable area) and the pre-treatment
residues are disposed in waste treatment plants.
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2.1.2. Physical Data for Water Production Estimate

In the island simulation we considered the average consumption per inhabitant of its
region, equal to about 0.18 m® [6]. To calculate the correct number of consumers served we
used the concept of population equivalent (PE) which incorporates the water consumption
of both people and economic activities in a territory. Considering that the area has a strong
tourist vocation and a long agricultural tradition, we summed these contingencies with the
average number of people present during the year, estimating a daily need for water equal
to that of 10,000 PE.

The desalination plant in Vulcano has a nominal daily capacity of 2160 m? [7], while
in the simulation the daily production is equal to 1800 m>. Therefore, the plant operates
at around 83% of its maximum capacity. Approximately 657,000 m? of potable water is
produced annually (Figure 1) and distributed through the island’s water system to meet
the needs of the island.

Through the data obtained we learnt that the production of 1 m? of drinking water re-
quires 3.5 kWh of energy, mostly used to operate the pumps that carry the water during the
various refining processes. Therefore, we can estimate that annually the water production
plant needs at least 2300 MWh of electricity to feed itself. In this article the energy source
powering the plant is supplied by photovoltaic (PV) power, a renewable and well-known
energy source.

The wastewater purification plant is designed for a maximum load of 10,000 PE:
because part of the drinking water produced will be inevitably lost during the trans-
port/storage/use of it. Therefore, even if the desalination plant was forced to operate at its
peak capacity (equal to 12,000 PE) the wastewater to be treated would be expressed as a
lower percentage, estimated at 80%. In this situation, we estimated that the annual volume
of recycled water produced is approximately 525,600 m? (Figure 1), thus providing large
quantities of new hydric resources for the island.

oo T TR TR

Figure 1. Visual example of the amount of water that could be treated and made available annually.

The particular choice of purifier, a membrane bio reactor (MBR) system designed
for small islands, imposes a higher average energy consumption compared to other tech-
nologies [8]; however, with some modifications the electricity needed can be tempered [9].
Therefore, we estimated an annual energy consumption per PE to be 40 kWh, meaning
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an annual power supply equal to 400 MWh. Furthermore, the electricity will be provided
through a PV green energy source.

2.1.3. Building Costs

Identifying the costs to support the construction of this integrated plant was facilitated
by the presence of the recently built desalination plant, whose expenditures were obtained
through the documents made available by the public administration.

For the wastewater purification system, we calculated the costs thanks to an exhaus-
tive technical manual from which we drew the necessary economic knowledge to estimate
them. Following the proposed model we used the number of PEs and a reference parameter
to estimate a reliable figure of the costs: this parameter varies according to the purification
technology chosen and the plant sizing. In this case we found that for an MBR system
operating autonomously and serving a maximum number of PE equal to 10,000 corre-
sponds to approximately 370 €/PE. Therefore, the estimated cost for the construction of the
wastewater treatment plant is €3,700,000.

Table 1 shows all the foreseen expenses at the time of construction (year 0), including
taxes and administrative procedures (referring to Italian law).

Table 1. Year 0. Costs that could be normally incurred by building an RO desalter and MBR purifier
are listed here.

Building Procedures Costs (€)
Desalter construction (12,000 PE) 14,000,000.00
Purifier construction (10,000 PE) 3,700,000.00

Security charges 400,000.00
Expropriation procedures 35,000.00
Executive planning 240,000.00
Technical and geological insights 25,000.00
Laboratory tests 5000.00
10% VAT 1,840,500.00
Service connections 215,000.00
Contingencies and rounding 920,000.00
RUP skills and support 400,000.00
Definitive planning 400,000.00
Safety coordination 200,000.00
Consulting 45,000.00
Geotechnical investigation 70,000.00
Environmental impact study 35,000.00
Tender and procurement procedure 80,000.00
Incentives and refunds for off-site activities 400,000.00
Administrative checks 20,000.00
Connection with sewerage 300,000.00
Environmental compensations 200,000.00
Facility testing 100,000.00
Expropriations and acquisitions 400,000.00
22% VAT 832,700.00
Total 24,863,200.00

2.1.4. Operating Costs

Providing a reliable estimate of the annual running costs of this kind of plant is es-
sential to be able to make long-term forecasts during the economic and financial analysis.
Herein, we report both real data collected by desalination service operators and data esti-
mated from a series of calculations and forecasts based on sizing and territorial conditions.



Energies 2023, 16, 4935

50f21

Both production plants in this simulation are powered by a purpose-built PV system, and
therefore we consider the energy costs subtracted from the annual total expenditure budget.
Furthermore, we provide a representative figure of these costs and show the impact they may
have in case a non-self-sustained structure is chosen.

For the energy costs of the desalter we refer to the previously calculated annual energy
requirements and combine it with a price parameter that relates the energy costs on the
electricity market and the MWh consumed: the Prezzo Unico Nazionale (PUN) (single
national price) which in 2022 (the last complete year of measurement) was on average
303.95 €/MWh [10].

Knowing that the annual electricity requirement of the desalination plant is approx-
imately 2300 MWh, it is possible to determine the expenditure necessary to support the
energy requirement at 700,000 €/year, the largest part of the individual cost items.

For other expenses, we report the data adapted to price levels and wages of the last
year (i.e., 2022), also providing details to give a more precise idea of the individual items
and the corresponding figures.

Under “salaries” we expect the presence of at least five workers: one manager, one
technician and three operators in combination with their ancillary costs (clothing, medical
expenses, overtime, etc.).

In the “materials” item we show the costs for the reagents and filters used in the treatment
of sea water, together with the costs to clean and periodically replace the osmotic membranes.

“Miscellaneous costs” represent all services for a good quality working life (gardening,
cleaning and sanitizing, insurance, stationery and office, digital connections, etc.).

The “laboratory tests” and “routine maintenance” items correspond to more volatile
elements of which we can provide an estimate, specifying that they can vary based on the
presence or absence of faults and/or anomalous detections in the drinking water produced.

“General expenses” are all possible variations in the previous cost items that can
fluctuate and harm the budget if unforeseen. In this case a percentage of 15% of the total of
the previously mentioned expenses is used to calculate them.

Finally, “extraordinary expenses” are all the unforeseen costs that could occur in
unfavourable conditions that must be accounted for by a good manager. In this case a
percentage of 10% of the total of all the previous items is used.

With all the items presented and calculated, Table 2 can be constructed to show the
annual operating costs of the desalination plant.

Table 2. Year 1. The desalinator operating costs are stripped of energy expenditures due the self-
sufficiency of the PV-integrated plant.

Annual Maintenance Processes Costs (€)
Electricity bill 700,000.00
Salaries Payment 280,000.00
Costs of materials 150,000.00
Miscellaneous costs 35,000.00
Laboratory tests 100,000.00
Routine maintenance 110,000.00
General expenses 101,250.00
Extraordinary expenses 77,625.00
Total 853,875.00

The annual costs of the purifier plant instead have been identified and calculated on a
theoretical basis, as there is no plant on the island with the chosen technology (MBR) from
which to draw the data.

The energy cost, identified with the same methodology as the desalination plant, is
substantial with respect to the other items because the energy consumption of the MBR is
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higher than other technologies. However, due to the PV plant autonomously compensating
for the annual electricity need, this figure was removed from the final budget.

The subsequent items were all calculated using parameters referring to the choice of
plant technology and size, which can vary greatly with fluctuation of the PE number served.
For example, the item “salaries payment” is the result of the multiplication between the
plant size (10,000 PE) and the parameter 16 €/PE/year, including the cost of operating and
office personnel.

The next cost taken into consideration relates to both the purchase of reagents used in the
treatment of sludge and their disposal, carried out by shipping them to specialized centres. We
estimated the parameters for the quantity of waste produced (ex. sludge = 0.06 T/PE/year)
and after determining these quantities we multiplied the amount of waste (in tonnes) produced
by the expected unit cost for its transportation and disposal, found at 200 €/T. In this way,
we calculated both the quantity of necessary reagents (about 0.8 T/year) whose final cost is
negligible, and the (large) quantity of sludge and other waste products, which amounts to about
606 T/year. The expenses for their safe disposal are substantial, as shown in the Table 3.

Routine maintenance was calculated based on the plant size and the type of work
carried out (electromechanical and civil), determined at 3.45 € /PE/year.

The incidences and plant integrations were calculated using percentages of the total
of the costs calculated previously and distributions of expenditure between the different
types of works carried out. Given that this topic is very technical and of little relevance to
the purpose of this work, we only provide the figures obtained from these estimates.

Finally, general expenses, as in the previous case, refer to all the various costs that a
installation must anticipate and manage effectively. Additionally in this case, the figure is
calculated with a percentage equal to 15% of the total of all expenses discussed above.

A list of all the cost items was constructed and is presented in Table 3.

Table 3. Year 1. The purifier operating costs calculated not including the energy bill, being a
self-powered plant with an integrated PV system.

Annual Maintenance Processes Costs (€)
Electricity bill 121,580.00

Salaries Payment 160,000.00
Materials and waste disposal 125,408.00
Routine maintenance 34,500.00

Incidences 15,035,676.00

Plant integrations 28,000.00
General expenses 74,739.71
Total 573,004.47

2.1.5. Decommissioning Costs

At the end of the estimated life cycle of the integrated water system (30 years) the struc-
tures and machineries will be outdated and will require renovations and/or dismantling.
For this reason, we foresee a cost item equal to 10% of the total building costs included
in the budget at the end of the last year of activity, a figure we estimate to be equal to
€2,486,320.

2.2. PV Power Plant
2.2.1. System Operation and Data Collection

There are two viable ways to power the integrated water plant: buy electricity from
the energy market or produce it autonomously. Here, we analyse this second possibility
allowing us to explore the advantages inherent in the use of a green resource, such as PV, a
sector in wide development which can supply large and competitive quantities of energy
to many areas of the world combined with precise structural planning. An advantage of
electricity production from PV combined with water production systems, such as RO and
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MBR technology, lies in the recent drastic reduction in energy demand for medium-large
plants, as ascertained by various studies [11] and empirical data.

PV is a low-density energy production method, i.e., it cannot supply large quantities
of electricity per space used and needs sufficient and constant solar radiation to operate
optimally. These intrinsic limits, at the current state of technological development, can be
largely attenuated with technical studies and plant engineering choices.

PV systems require large open areas and quality daily sun exposure to be competitive.
Therefore, the right installation site must be chosen properly: Vulcano naturally offers,
thanks to its geographical location, a large amount of light irradiation with little chance of
clouds and rain, guaranteeing long periods of uninterrupted production.

The surface needed to achieve the required electricity production can be reduced with
efficient orientation towards the angle of maximum solar radiation intensity. Otherwise, a
combination of sensors, Al, and movable support beams can be used to make the panels “track”
the apparent movement of the Sun throughout the day, maximizing energy absorption.

The electricity produced during the day must then be immediately consumed: this
limitation can be overcome by building a power storage system which preserves the energy
for long periods, making it available when needed, i.e., a battery pack.

Both systems are built to work in DC and the processes to obtain desalinated water
and purified water share the same technology and type of structures. Therefore, a common
integrated electrical system can be built to maximize usage and minimize wastage, as
shown in Figure 2.
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Figure 2. Example of a DC-DC system suited for both desalination/wastewater processes, integrated
with a PV energy production source and batteries for energy storage.

The technologies chosen for this power system are lithium batteries and crystalline
silicon panels mounted on a tracker system.

Both are widely tested, moderately efficient, and easily available on the global market
with low purchase, installation and maintenance costs [12,13].

Lithium batteries are designed to operate on a daily cycle of at least 18 h and run up
to a maximum of 8000 cycles, with a life span of approximately 15 years. The sizing of the
batteries is given by the daily demand of the integrated water system increased by 20% due to
the depth of discharge, a phenomenon which, if not counteracted, can damage the batteries.
In this case, extra energy capacity is added to ensure that the electricity inside the batteries is
not completely depleted during the cycle, but a small active part is kept in each cell.

The solar power plant with crystalline silicon modules (with an efficiency of 20%) is
sized to meet the daily demand of the production plants for every year of the life cycle. An
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extra 25% of the energy generated was considered to meet the energy losses due to network
engineering and machinery inefficiencies.

Once establishing the daily electricity quantity needed, we used the JRC tool [14],
made available by the EU, to calculate the power of the PV farm to feed the plants all the
entire year. This calculation is made possible by the continuously updated databases on
land conditions (e.g., solar radiation, altitude, temperature, etc.) across Europe, collected
both with satellites and ground sensors.

Thus, we found that the required power of the solar station is 2.5 MW with an occupied
area of about 12,500 m2, and a size of the lithium batteries of about 11.1 MWh.

2.2.2. Building Costs

There are various ways to evaluate the costs for the installation of a PV power plant:
generally specialized companies should be contacted to acquire estimates or to study similar
projects carried out from entities similar both geographically and economically. Here, we
follow an alternative path, simpler and more accessible to all. Figure 3 developed through
an experimental method, identifying the Italian market prices of the main components of
the PV plant (solar panels, bi-axial tracking system and electrical components) and then
identifying the average costs between the minimum and maximum prices of these elements
over the previous years. To underline its validity, we tested the percentage subdivisions
with the current maximum Italian market prices, obtaining a deviation from the simulated
results of less than 10%, thus validating the proposed chart subdivision of costs for a
tracking PV system installed in Italy for the period 2020-2023.

Trackers photovoltaic system costs
structure

mcost panels  massembly administration electrical system  m other

Figure 3. Pie chart summarizing all the main expenditure items and percentages for the construction
of a PV power plant with a bi-axial tracker system.

Using the percentage system presented we can start our calculations from the cost of a
1 x 1 m crystalline silicon panel with an efficiency of 20% to obtain the overall costs of the
PV plant. With a panel cost of 220 €/m? and knowing the covered area we calculated a cost
of €2,750,000 for the purchase of the panels, equal to 29% of the total cost.

Using a system of proportions and having the other percentages we found the costs of
the remaining items, summing them to obtain the total expenditure for the PV farm, equal
to approximately €11,650,000.

For the batteries in the first period (Year 0/ Year 15) we estimated a price of 200,000 € /MWh
for the purchase and installation of the lithium battery storage system. Considering that this
expense is expected to decrease as the market expands, we foresee that by Year 15 the price
will have fallen by at least 25%, bringing the unit cost to 150,000 €/MWh. Knowing the
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prices and required size of the battery pack we multiplied them to obtain the expenditures
for the round 1 (€2,220,000) and round 2 (€1,665,000), which will be included in the budget.

The list below (Table 4) summarizes all the presented items to show all the costs in the
appropriate order.

Table 4. Year 0-30. All building costs that could be occurred with a PV farm + battery pack.

Building Procedures Costs (€)
Panel purchase (29%) 2,750,000.00
Electrical tracker system purchase (25%) 2,356,873.50
Transport and assembly (33%) 3,142,183.75
Administrative procedures (4%) 393,126.50
Other costs (9%) 785,310.25
Batteries round 1 (Year 0/ Year 15) purchase and installation 2,220,000.00
Total initial costs 11,647,494.00
batteries round 2 (Year 15/ Year 30) purchase and installation 1,665,000.00
TOTAL costs 13,312,494.00

2.2.3. Operating Costs

The operating costs for this type of system are generally contained thanks to the high
reliability of the materials and the quality of the manufacturing techniques of the companies
that produce (and guarantee) the components.

In particular, the producers of PV panels almost always include the costs of insurance
and extraordinary maintenance in the purchase, leaving the tasks of surveillance, cleaning
and ordinary management of the electrical systems to local operators. Despite these
advantages, it is always necessary to consider the place chosen to carry out this work. In
the case of Vulcano we foresee higher costs than normal due to the isolation of the island
for most of the year; therefore, in case of failures, this would produce longer and more
expensive service times.

The batteries” upkeep costs include the maintenance of the digital control systems (to
avoid sudden changes in voltage, make the daily charge/discharge cycle more efficient,
etc.) as well as temperature regulation and periodic checks by specialized technicians.

The operating costs for the solar power plant can be calculated with a chosen ratio
of 15,000 €/MW /year; therefore, we inserted into the budget an average of €37,500 of
expenditure per year for maintenance.

The operating costs for the battery system were found by applying 2.5% to the purchase
costs, thus identifying an average annual cost of €55,500 for round 1, and an estimated
average annual cost of €41,600 for the round 2.

2.3. Financial Instruments

Following the building costs, its necessary to give adequate financial coverage. In
this work we chose to provide the perspective of a generic actor (public or private) with
no personal liquidity and aims to obtain debt-based investments to finance the project.
Two debt instruments were chosen and analysed, a traditional one (such as a bank loan)
and an innovative one (such as a green bond).

2.3.1. Financing the Desalination-Wastewater Recycle Plant: A Bank Loan

The first of the instruments identified for this project is a bank loan, the most conven-
tional and well-known by all. The loan is used to fund the construction of the integrated
water system and is provided by the European Investment Bank (EIB).

This bank was chosen for various financial, political and geographical convenience
reasons. The aim is to involve actors interested in pursuing goals not based exclusively on
profit, but also on the environmental benefits [15] of having this kind of infrastructure in
the territory. Furthermore, both the lack of a profit goal and the support for sustainable
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investments in the sector (e.g., energy, water, transport, agriculture, etc.) [16] are present in
the EIB statute.

The EIB group is a major European project financier, aiming to reduce inequalities
between citizens. In particular, Figure 4 [17] shows the bank’s commitment in supporting
investments of billion euros, over the next few years, in sectors heavily involved with the
realization of these installations.

SE5)

2.5
2

1.5

0.5 I
0

Innovation, Digital and SME & MidCap Finance Sustainable Cities and Sustainable Energy and
Human Capital Regions Natural Resources

EUR billion

=

2021 m2022 m2023 m2024 m2025

Figure 4. Increases planned in the next period for investments in sectors considered strategic by
the EIB.

A great advantage of the EIB lies in its very low interest rates, its connections with
many national/regional banks and the wide possibilities of bargaining on the times and
methods for the distribution of these loans. The bank also offers support to public and
private entities, without distinction of form but only based on the validity of the projects
and compliance with the principles on which it is based.

An aspiring borrower must submit the project to be evaluated by the bank. This
includes a description of the entity (public or private), a statement of the purposes of the
project, a certified technical and environmental study of the project and a financial analysis
that considers the market conditions in that area with credible forecasts for the future [18].

The bank makes its experience and consultancy services available to analyse and
support these practices which, if confirmed, ultimately lead to granting the loan. Here,
the choice of the EIB as a lending institution depended on the commonality of several
factors: the search for very low interest rates and long-term loan repayments (15 years), the
particular sector involved (among those directly mentioned in the EIB’s statute), adherence
to the bank’s principles concerning the elimination of inequalities (water services available
for all citizens) and emission reductions (installations powered by renewable sources).

The sum required in this simulation is equal to the cost for the integrated water system
construction (€24,863,200), and this part is financed with an EIB loan.

Once the loan amount was determined, an interest rate was agreed upon with the
EIB to keep the fee as low as possible (in the proposed case we set an annual interest of
1%). This is feasible because, unlike a commercial bank, the EIB does not operate to make
profits but to finance projects addressed to European citizens for goods and services at the
lowest price.

While discussing the interest rate, we also determined an agreement with the bank
concerning the number of years in which the loan will be repaid. Furthermore, in this case,
the availability of the EIB allows us to spread the repayments over a long time so as not to
excessively burden the annual balance sheets of the project (in this case we expect to sign a
repayment agreement spread over a 15-year period from the plants initial operation).
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Finally, the annual mortgage is calculated with the formula described in Figure 5 and
the liquidity transferred to the borrower, who will undertake the obligation to repay the
debt over the years and in the established manner.

Amount of money needed for the project and provided by bank (€) =G

loan interestrate =igz numberof years to repay the loan =nL

nl.

;
A Foae paid — (" . EIB
Annual mortage paid = HX(I-I_'PF-.'.FH) X

([1 +:'f_‘_m)”;'- ! )

Figure 5. Proposed formula for fee calculation: the French amortization method (one payment per
year) has been used.

2.3.2. Financing the PV-Batteries System: A Green Bond

A popular instrument used to finance projects is represented by one of the most widespread
financial market products: the bond. Bonds are debt securities issued by a company or a public
body, and they are sold on the financial market, usually through a double step.

In an initial phase, the price of the bond and the interest rate are negotiated between
the company and a financial institution with experience in dealing with these securities
(such as a bank); following the acceptance of the conditions, the bank provides the required
liquidity and creates the bonds, which they have full possession of (the primary market).

In the second phase, the bonds are sold by the financial institution to private investors,
negotiating new terms with them; in this phase, the company has usually no say in
this trading (the secondary market). Bonds, along with stocks and loans, are the most
popular financing tools to raise the capital needed to carry out projects; each offers different
advantages and disadvantages for investors. Unlike stocks, bonds do not guarantee buyer
control over the company on which they finance the operations; however, at the same time
the bondholders have a pre-emption right on the shares for the debt repayment.

In the bank loan, the sum borrowed is returned over a period of time in individual
instalments plus interest (mortage), in the bond the repayment consists of a periodic amount
of money (coupon) paid to the holders of the security and, at the end of the last repayment
period, the full sum of the debt issued plus the coupon is refunded. Figure 6 shows an
example of how to calculate an annual coupon:

ig= bondsinterestrate Ag=amount of debt financed by bonds
annual coupon paid =Cs = Ag * i

: lastannual coupon paid = Cgina1 = Crix + Ag

Figure 6. Simplified formula to calculate a yearly coupon.

The green bond is essentially no different from a normal bond from a financial per-
spective and has the same contractual and currency characteristics described above. What
distinguishes its is the object of the funds, while a bond can finance any operations of a com-
pany that decides to issue it, for a green bond to be granted it must include in its primary
objectives investments that contribute to environmental protection and the development of
a sustainable economy [19].

Currently, there is no standardized legislation on how to distinguish a green bond from
a normal bond but the guidelines of the ICMA (International Capital Market Association)
are the most widespread and accepted. These guidelines [20] are briefly summarized in
four points:
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Use of proceeds: a series of sectors that indicate what can be financed with a green bond
(e.g., PV farms and related batteries energy storage, biodiversity conservation, etc.).
Process of project evaluation and selection: the issuer of green bonds must provide a
series of documents and evaluations to investors demonstrating the use of the pro-
ceeds to favour not only the financial stability of the project but also the environmental
protection that it ensures.

Management of proceeds: the profits from the financed projects should be credited to
an account that can always be consulted by the investors and updated for any changes
that influence the project and its budget.

Reporting: transparency in this type of bond should be exemplary and the issuer
should regularly produce reports that keep investors updated on the project’s activi-
ties, its (positive) impact on the environment and the liquidity use in relation to other
funding sources.

The green bond has some advantages over a traditional one:

It is more socially accepted by people compared to financial operations involved in
polluting or questionable sectors, and for this reason, it attracts a very wide selection
of investors eager to keep themselves informed about the results of their investments.
Investors tend to lengthen the maturity terms for projects financed with this instru-
ment, making them comparable to long-term ones such as government bonds.

The green bond, especially in project evaluation and reporting activities, is not domi-
nated by a few specialized agencies as in conventional bonds (for example Moody’s,
Standard & Poors, Fitch) but it is driven by many smaller companies that make these
activities more transparent, thus increasing the investors’ confidence when exploited.

Due to the additional costs for maintaining transparency on the activities carried out

and due to the long maturities this type of investment aims for, the expected earnings from
these bonds are generally lower than those made on equal terms, sometimes resulting in a
lower rating. Figure 7 represents the percentage distribution of green bonds in the various
risk classes during 2019 [21] issued by financial institutions, and then exchanged within
the EU secondary market.

Green Bond Rating in EU financial markets (2019)

20%

15%

10

I I I | | ‘ | = = 0 R
A A- BBB B B-

3B+ BBE BBB- BB

% total emission

AAA AR+ AA AA- A4

b=

Rating Classification

Figure 7. Percentage rating distribution of green bonds issued in the EU financial markets
during 2019.

In this work the needs of the project perfectly aligned with the use of the green bond,

guaranteeing low rates, long periods of debt repayment, and the amount of liquidity
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necessary to cover the costs for the purchase and installation of the PV system and the
battery pack.

2.4. Expected Revenues of the Project
2.4.1. Sale of Water Products and Quotas

The desalination plant and purifier sell two products on the island’s network with
distinct uses, drinking water and water for non-human consumption.

Having previously determined the theoretical quantity of water that can be produced,
we must now evaluate the selling prices for each and the number of users in Vulcano.

In the Italian system, in addition to the purchase tariff linked to the m® of water
consumed, there is also a fixed annual figure to pay (the access quota) which can be traced
back to a distinct user place (house, hotel, shop, etc.), for each entry point to the water and
sewage network.

The number of users is fixed in this simulation at 1500: this figure was determined
considering the strong touristic and agricultural environment of the island which reduces
the estimated consumers (10,000 PE) to a smaller number of places to access the water
services (ratio 1:6.67 PE).

Since currently there are still no data on the tariffs and quotas which will (eventually)
come into force in the future on the Aeolian Islands, we borrow those already in use in the
neighbouring territories of the same region.

The fixed tariff for all services (drinking water, sewage and purification) was set at
2.22 €/m?3, and we used this to calculate the revenues from the volumes of water produced
by the desalination plant and consumed. The annual revenue from the access quotas
was calculate based on the number of users (1500) and and it differs for each available
service: 120 €/user/year for the aqueduct, 40 €/user/year for the sewerage grid, and
35 €/user/year for purification.

These are the fixed revenues derived from the volumes of drinking water consumed
and reprocessed that can be immediately estimated. On the other hand, for the revenues
derived from selling recycled water, we leave the price free to vary, using us to identify the
figure beyond which investment into the project becomes convenient.

2.4.2. Sale of Electricity, Incentives and Used Devices

In this case study, the PV system was set up to cover the energy needs of the integrated
water system at any time of the year, thus eliminating energy costs, but in this way it
also produces an excess of energy for most of the year which can be sold on the island’s
energy market.

In Italy, the price of electricity is determined by various factors and it is fixed for all
energy sources. This means that the price of electricity from fossil fuels is the same as
that of renewable energies. This single price is summarized by the PUN, which in 2022,
due to the gas price crisis, surged reaching an average of 303.95 €/MWHh. This figure was
used as a reference point to determine the price of electricity, and this parameter was used
to calculate the revenues obtainable from the sale of excess electricity produced by the
PV system.

Even if the average PUN varies from year to year and a substantial drop in price is
expected as the country has implemented new strategies to react to the crisis, there are
still no concrete measures to separate the energy prices according to the production source.
Therefore, we expect that in the future the PUN will again increases as fossil fuels will
become more costly to acquire. With these forecasts in mind we carried out the simulation
maintaining the high PUN of 2022 for the whole duration of the project.

In the Italian energy market the operators of the local electricity service purchase
excess energy sold by producers using the PUN but with a substantial discount in their
favour before reselling it to final consumers, thus making a profit from the difference
between the purchase price and the final sale price.
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In the simulation we fix this discount at a percentage of 30% on the average PUN and
determine the fixed revenues from selling the excess of PV production accordingly for each
of the 30 years of operation.

Since this territory is considered disadvantaged by the Italian government, Vulcano
together with other islands has the right to economic supports that are no longer present
in most of the country. An example exploited by the project is the remuneration for the
amounts of energy produced from renewable sources.

This incentive, which lasts 20 years from the initial operation of the plant, is regulated
by the national energy authority (ARERA) and it consists of two parts: a fixed part called
the “feed in tariff” and one linked to the PUN called the “feed in premium”.

The first one sets a tariff based on the power of the renewable energy plant, while the
second is determined by the difference between a price chosen by the authority and the
average annual PUN. Since the latter is much higher than the chosen price, the difference
would be negative; therefore, the revenue from the feed in premium tariff is considered
equal to 0 in each operational year considered.

Instead the first tariff (feed in tariff) for year 1 (and then valid for all subsequent
years) was set at 147.40 €/MWh and is the only valid incentive in the construction of the
balance sheet. The tariff is multiplied for the excess of the electricity produced and then
inserted as the revenue for the first 20 years of operation, and later being eliminated from
active incomes.

Furthermore, for the PV system and battery pack, we must consider their life-end.
However, in this case we do not consider their disposal a cost but a revenue due the
expected future evolution of this sector.

The idea is that both the electrical systems and materials of the employed devices can
be easily reused and/or recycled, recovering components for new systems and extracting
valuable substances (e.g., crystalline silicon, lithium, precious metals, etc.) thanks to the
numerous techniques patented in the last decade.

These techniques have translated in recent years, thanks to the possibility of recycling
processes of first-generation implants, into new economic opportunities.

Although these new markets are not worldwide, it is expected that in the near future
they will become one of the most active and innovative components of the economy, with a
wide range of expansion. For this reason many nations are moving to promote and regulate
these sectors already considered as strategic.

While foreseeing this scenario, we use some prudence in our discussion by establishing
that the proceeds derived from the sale of the PV system and the two end-of-life battery
packs will be limited to 5% of the costs incurred for their purchase and installation. In
any case, what used to be considered a cost in the integrated water system has become
income here.

2.4.3. Monetary Benefits from CO; Savings

In recent years, studies on environmental impacts have quantified not only the pollu-
tion emissions but also made clear that the price paid indirectly by the inhabitants of the
area (e.g., damage from environmental disasters, cleaning costs for poisoned areas, medical
treatment for diseases caused by pollution, etc.) and it can be identified and calculated.

This project is powered by a completely renewable and clean energy source; therefore,
we can easily calculate the amount of pollution saved and compare the environmental
impact with the standard sources of energy available on the island (i.e., a diesel power
plant completely dependent on external fuel supplies).

Knowing the amount of electricity produced annually with the PV farm and correlating
it to the ratio between the energy produced by diesel and the tonnes of CO, produced (equal
to 0.855 ton/MWh) we can identify the positive contribution that the renewable energy
source provides to the environment during its lifetime expressed in tonnes of CO, saved.
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These amounts can be translated into monetary terms and included in the project’s
revenues to intercept these benefits, allowing investors to evaluate a payback from environ-
mental factors that until now had not been considered associated with financial analyses.

To find a fair price to assess the impact of CO, emissions, we analysed one of the
biggest databases available on the topic [22]. Figure 8 shows the current situation valued in
economic terms.

2007 2010 2013 2016 2019 2022

Figure 8. Historical trend of economic value assigned to carbon dioxide emissions.

For the first year of the simulation, we extrapolated from this figure a starting price of
80 €/ton and increased this by an additional 3% for each following year of PV plant activity,
considering the growth trend which in recent years is becoming more and more consistent.

This price, which normally denotes the extra expenses due to the impact of the CO,
produced, in our case becomes an “immaterial” revenue which can be included in the
balance sheet to evaluate the positive outcome of using green technologies in the balance
sheet preparation.

2.5. Project Evaluation Financial Index: Net Present Value

After examining the proposed technological system, verified its feasibility and built a
table of costs and revenues expected to evaluate its cost-effectiveness, we must conduct a
financial analysis to test the project’s cost-effectiveness.

To do this we used one of the well-known financial indicators in project management:
the net present value (NPV), a financial index that can easily determine whether a project is
worth investment.

This index evaluates, with reference to the expected initial costs and the total financing
required at a given interest rate, the possibility that a project will generate a profit for
investors and therefore be a valid proposition.

The golden rule is that the stakeholder considers the investment only when the
NPV > 0, in order to increase the profit.

This statement has often been criticized because the economic parameters included
in the balance sheet rarely intercept all the positive aspects that a project can generate.
However, we expect that using appropriate correction parameters (except the inclusion
of a monetized positive environmental impact) the NPV can perform its evaluation with
better results.

In our simulation the interest rate chosen was a simplified version of the one normally
used (WACC) and was a weighted average of the interest rates of the EIB bank loan (1%)
and the green bond (8%). Due to the duration of the project (30 years), the total initial costs
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of year 0 and the cash flows for each year (CF,) we can summarize the formula for the NPV
calculation with Figure 9:

bankloan =B, bankinterestrate =iz

amount of bond(s) =A; bond(s) interest rate = ig

total financing = bankloan + bonds =TF=A; + B,
discounted interest rate =D, =i g*(B,/ TF) +ig*(Ag/ TF)

years of project =n

LF1 CFn
—_— .
(1+Dg)t 7 (1+Dg)

initial costs (negative) = CFy

n
NPV = > CFi* (1+ Dir)™" = CFo +
i=1

Figure 9. Steps and formulas used to calculate the net present value (NPV) in the project simulation.

In the next section, we analyse the price of the recycled water produced by the purifier
to have an NPV value greater than zero. We examined two different simulations with the
same initial costs, discounted interest rate, total financing and project duration but with two
different annual cash flows. The first case does not incorporate the monetized CO; benefits
while other includes it in the balance sheet: this shows how the NPV can be adjusted for
more realistic results for the evaluation of potential investors.

3. Results

After entering all the necessary data with the methodology indicated above, we can
simulate the scenarios with the two purified water prices, where only one accounts for
the environmental gains from the PV usage to power the integrated water system. As
an example, we report in Figure 10 the first two years of the simulations: the year of
construction (year 0), common to both scenarios, and year 1 of operational service, to show
differences in the balance sheet preparation.

annual desalter production (m?) 657.00000| [annual production of electricity (MWh) 6.427,95| [annual production of electricity (MWh) 6.427,95
annual purifier production [m’) 525.600,00| |annual €O, savings (Ton) 5.495,30| |annual CO; savings (Ton) 5.495,90}
annual consumption water system (MWh) 3.374,38| [annual excess of electricity production (MWh) 3.053,58| [annual excess of electricity production (MWh) 3.053,58]
number of users 1500| |[discounted PUN (g/MWh) 212.77] [discounted PUN (g/MWh) 212,77
power of PV farm (MW) 2,5| [feed in tariff (E/MWh) 147,40| |feed in tariff (E/MWh) 147,40}
size of batteries (MWh) 1LY |fixed drinking water tariff for all services (€/m’) 2,22| |fixed drinking water tariff for all services (£/m’) 2,23
building costs (desalter + purifier) € 2486320000 | [0 of punified water €/ 5.39| [orice of purified water (&/m?) 5,44
building costs PV farm + batteries turn 1) £ 1164749400 | [ cors unified quota £ 195,00 | |users unified guota £ 195,00
total initial costs £ 3651060400 | [0 o1 operating cost of PV farm (€/MW) 15.000,00] [annual operating cost of PV farm_(/MW) 15.000,00
EIB loan £ 24.863.200.00 | natteries (turn 1) purchase price (€/MWh) 200.000,00] [batteries (tum 1) purchase price (€/Mwh) 200.000,00)
green bond (turn 1) £ 1164745400 COSTS price of CO; emissions [£/Ton) 80,00
green bond (turn 2) £ 1665000001 |5 nnual operating costs of desalter £ 853.875,00 0TS
total financing £ 3817589400 | I nnual operating costs of purifier € 57300247 | [annual operating costs of desaler £ 853.875,00
EIB interest rate L00%! Tannusl operating costs of PV farm £ 3750000 | [Gnnual operating costs of puriner € 573.004,47
[ereen bond interest rate 8.00%| Iannual operating costs of bameries £ 55.469,18 | [annual operating costs of PV farm £ 37.500,00
w 228%| (618 10an amortization £ 1.793.227,97 | [annual operating costs of barteries < 55.469,18
duration of the project 30vears | [eoupon payment (rurn 1) £ 931.799,52 | [EiB 1oan amortization € 1.793.227,97
|E1B 1oan and green bond (turn 1) term first 15 years | o0 o ol operating costs = 226287514 | [Coupon payment () = 931.799,52
ereen bond (turn 2) term last 15 years REVENUES annual total operating costs. £ 4.344.876,14
proceeds from drinking water sales € 145854000 | | REVENUES
proceeds from users quota £ 28250000 | [proceeds from drinking water sales £ 1.458.540,00
proceeds from purified water £ 3.358.584,00 | |proceeds from users quota £ 292.500,00
proceeds from sales of excess electricity € 642.692.06 | [procesds from purified water £ 2.850.264,00
proceeds from excess electricity (feed in tariff) | € 450097.07 | [oroceeds from sales of excess elecicity € 540.604,06
annual total revenues £ 520941513 | |proceeds from excess electricity (feed in tariff) | € 450.097,07
£ 1.262.538.99 | |monetary benefits from CO, savings € 439.671,84
annual total revenues € 6.149.766,97
£ 1904.890,83

Figure 10. Balance sheet for the desalination and purification plant, for year 0 and 1.

As is noted, the costs section remained unchanged in both year(s), while the revenues
section of the second incorporated the monetized benefits of the CO; saved. Both produced
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the same amount of solar energy, but only in one simulation (NPV3) is the green source
considered as a revenue and included in the budget.

With the aim of the simulations to find the first NPV > 0, we can lower the purified
water price in the second scenario, taking advantage of the extra revenue calculated from
the price of saved CO; inserted. It is worth noting that both balance sheets are already
positive from the first year, highlighting the economic sustainability of the project under
the previously established conditions.

From the latest data available [23] on CO, per capita production in Italy (5.415 ton/year)
we calculated that the PV usage allows us to save the emissions of about 840 people every
year, whom in the second scenario are counted as an ever-rising extra revenue thanks to
the expected annual growth in the price of CO,.

With this increase, incorporating the worsening environmental impact over time by
not using renewable energies, the total revenues (presented in Figure 11) of the second
scenario are slightly higher than the first, despite the lower price of purified water sold.
This also leads to a higher NPV, showing that the inclusion of environmental parameters is
also a more advantageous financial policy at the same cost.

total production of electricity (MWh) 159.284 62| |total production of electricity (MWh) 1559.284,62
annual reduction of PV farm production (from Year 2) 1,20%| |annual reduction of PV farm production |from Year 2} 1,20%
total CO; savings (Ton) 136.188,35] |total CO, savings (Ton) 136.188,35
annual increase of materials costs (from Year 2) 2,00%| |annual increase of CO; price (from Year 2) 3,00%
annual increase of salaries (from Year 2) 0.,50%| lannual increase of materials costs [from Year 2) 2,00%
price of purified water (£/m°) 6,3%] |annual increase of salaries (from Year 2) 0,50%
total costs £ 111394 706,61 | |price of purified water (£/m7) 5,44]
total revenues £ 17481275780 | |total costs £ 111.394.706,61
£ 3.497,25 | |total revenues £ 175.111.841,62
£ 27.410,04

Figure 11. Summary tables with the purified water prices that provide the NPV > 0.

Finally, through Figure 12, we analysed the trend of costs and revenues for the entire
duration of the simulations. As for year 1, and almost all other periods considered, a
positive difference is maintained between expenses and revenues.

This occurs despite the reduction in PV production (and consequent lower electricity
sales), as well as the constant increase in wages and material prices except:

* inyear 15, where costs largely exceed revenues due to the achievement of the maturity
date of the green bond (turn 1) and the purchase of new batteries;

* inyear 30, where the payment of the green bond (turn 2) and the decommissioning
costs for the integrated water system occur;

With the vast majority of years remaining, there is always enough surplus budget to
cover these two negative periods and, indeed, reach a span of investment, evidenced by
the positive NPV; and NPV, found.
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Figure 12. Costs and revenues of the two simulations are displayed for each year of the project.

4. Discussion

The primary purpose of this article was twofold. Firstly, it aimed to provide non-
specialists with an opportunity to deepen their scientific and economic knowledge in
the fields of desalination and wastewater treatment. By presenting relevant data and
information, the article aimed to bridge the gap between technical experts and a broader
audience, enabling individuals to better understand and engage with these topics.

Secondly, the article sought to serve as a point of reference for professionals working
in the field. By providing data and insights, it aimed to facilitate comparisons with their
own work, fostering further research and advancements in the area of desalination and
wastewater treatment.

The motivation for reporting the results was also driven by the current dynamic
and evolving nature of the Euro-Mediterranean area. Factors such as political changes,
environmental challenges, and economic crises (such as the hydrocarbon crisis resulting
from the war in Ukraine, growing drought in various regions, and initiatives such as the
Next-Gen EU in response to the COVID-19 pandemic) highlight the need for technological
solutions [24]. In the face of such fluctuations and unforeseen events, there is a demand for
practical solutions to address the problems at hand.

Unfortunately, the lack of sufficient scientific dissemination and technical updates
often precludes the possibility of making positive changes in local realities where there
would be large margins for improvement. In fact, RO desalination technology and mem-
brane wastewater treatment powered by renewable sources, such as PV or similar [25],
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are now economically sustainable realities and it is often more cultural and bureaucratic
difficulties that prevent their diffusion than factual problems.

Frequently, a good project in this field is held back by these limitations; even when they
are within reach, the realization is uneconomical or above the available budget. For this
reason, when working in the field of planning, economic and financial analysis is essential
for the success of the operation. It is necessary to identify all the relevant parameters, build
a credible budget plan and identify the correct forms of investment [26].

In this article we have not only dealt with technical issues but also shown a series
of steps that can facilitate the realization of similar projects, concerning issues that are
becoming increasingly pressing today.

The scarcity of water and energy, combined with climate change and underdevelop-
ment in many islands can be effectively countered if an innovative approach is pursued,
not only in terms of technology but also culturally and economically. Moving from a
production system of essential services based on fossil fuels and welfarism to a renewable
and self-sufficient one [27] can be made possible using all the tools that the globalized
world offers, including the financial markets and their instruments.

In our simulations we have tried to show how a project for the construction of strategic
infrastructures is more than the sum of their costs and revenues but brings externalities that
can be effectively intercepted only if the investors and the territories concerned are willing
to compromise. An example can be the purchase of green bonds with a 15-year duration (a
maturity above the average and therefore less attractive) countered with the assurance that
these funds will be spent to create renewable energy sources, whose (missed) emissions
will benefit everyone.

Another example of a possible agreement concerns the interlocutors: a private indi-
vidual, for example, will be less inclined to agree in selling purified water at a lower price
in exchange for environmental gains that they cannot perceive, such as the benefits of the
CO, saved.

On the other hand, a public entity, which is interested in the environmental conse-
quences on the population, will be more willing to reach an agreement between producers
and consumers of services, guaranteeing the former compensation for lost earnings and
the latter a lower price to meet their economic constraints given by the isolated and under-
developed local reality. This type of agreement between private entities that manage the
production and public entities that supervise compliance with laws takes the name of PPP
(public private partnership) and is rapidly spreading across countries (such as Italy) where
the progressive abandonment of statism in key sectors of the economy is followed by the
involvement of private entities and their investments [28].

With the use of the NPV index we demonstrated not only the profitability of the project
in both cases but also the achievement of economic sustainability for technologies such as
PV and desalination, often criticized in previous decades as less convenient than the more
widespread methodologies. This lowering in costs and the prospects for development on
new markets (such as the recycling of panels and batteries) open up new avenues for many
local realities that until now had neither the means nor the economic possibilities to favour
autonomous infrastructural development unrelated to state funding and seasonality of the
local economy.

In conclusion, even for difficult territories such as Vulcano and the Aeolian archipelago
there are many possibilities still to be explored to improve the well-being of the population,
favour the green transition and make profits with local investments. We recommend the
use of all available financial instruments and the collaboration between public and private
entities as two fundamental components for the future development and maintenance of a
high standard of living in these remote but certainly liveable areas.
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Abbreviations

The following abbreviations are used in this manuscript:

DC Direct current

RO Reverse osmosis

PE Population equivalent
MBR Membrane bioreactor

PUN Prezzo Unico Nazionale
PV Photovoltaic

FIB European Investment Bank

ICMA International Capital Market Association

ARERA  Autorita di regolazione per energia reti e ambiente
NPV Net present value

WACC  Weighted average cost of capital

PPP Public private partnership
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