
sustainability

Article

Water Treatment Emergency: Cost Evaluation Tools

Giovanna Acampa * , Maria Gabriella Giustra and Claudia Mariaserena Parisi

Faculty of Engineering and Architecture, University “Kore” of Enna, 94100 Enna, Italy;
mariagabriella.giustra@unikore.it (M.G.G.); claudia.parisi@unikore.it (C.M.P.)
* Correspondence: giovanna.acampa@unikore.it; Tel.: +39-0935-536-439

Received: 21 March 2019; Accepted: 30 April 2019; Published: 7 May 2019
����������
�������

Abstract: The European Union is committed to enforce limitations to water pollution through specific
directives (UWWTD 91/271/EEC). The delay of some EU member states in transposing these directives
has had an impact on the quality of the wastewater treatment system. Therefore, it is necessary to
intervene with adjustment procedures and construction of new plants. The aim of the study is to carry
out an economic feasibility assessment for the construction costs of an urban wastewater treatment
plant of medium-low capacity (<50,000 Population Equivalent or pe) according to a simplified process
diagram, and help in the planning of new investments. We propose a methodology based on cost
functions according to two different procedures: synthetic estimate of the costs for civil works and a
multiple linear regression for the cost of the electromechanical equipment. These functions show a
correlation between the construction costs and the population equivalent and enable us to understand
it. The results show greater economic benefit in increasing wastewater treatment plants sizes serving
a population equivalent of 5000 pe to 10,000 pe, while further increases are less beneficial.

Keywords: cost evaluation; parametric cost; multiple linear regression; wastewater management

1. Introduction

Wastewater is defined as any water whose quality has been adversely affected by anthropogenic
influence after being used in domestic, industrial or agricultural activities. It is not suitable to be
released in the environment (land, sea, rivers and lakes) without causing imbalances in the ecosystem.

The Council Directive concerning urban wastewater treatment, 91/271/EEC [1], requires that urban
wastewater discharges should be regulated according to the quality objectives of the receiving water
bodies. Therefore, wastewater from urban sewage systems must be treated appropriately (chemically,
physically and biologically), depending on the type of wastewater and of the receiving water body.
Wastewater treatment plants are the key infrastructure to reduce pollution of surface and groundwater
bodies and to safeguard the health of the population [2].

As part of an integrated approach to water management, in addition to water-saving measures,
the treatment and reuse of wastewater offers a reliable water supply alternative.

In this context, the new rules include the concept of an ‘action plan on the circular economy’,
with the dual aim to ensure the protection of European water resources and reduce the waste that is
currently produced [3].

The European Union is committed to regulate the sector in terms of exploitation, protection and
safeguarding of the water through directives that impose on member states limits to pollution.

The Urban Waste Water Treatment Directive (UWWTD 91/271/EEC) is one of the main tools
of the European water policy. The European Commission requests the “Office International de
l’Eau” to prepare every two years a report providing data on the degree of implementation of the
directive’s provisions.
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The last report (2017) [4] summarizes the compliance status of the 28 member states with regard to
the sewage system (article three), secondary treatment (article four) and tertiary treatment (article five).

Compliance is assessed by comparing the amount of wastewater load that is treated according to
the UWWTD (i.e., water which is collected, gets secondary treatment and tertiary treatment) with the
amount that theoretically should receive such treatment (the so called “subjected load”).

Despite EU requirements, the report shows that some member states, such as Italy and especially
the Sicily region, are still far from complying with the directives.

The delay of some EU member states in transposing these directives has had an impact on
the quality of the wastewater treatment system. Therefore, it has been necessary to intervene with
adjustment procedures and construction of new plants.

Assessing the costs of wastewater treatment is one of the most important and crucial aspects in the
feasibility and sustainability assessment of a wastewater recovery and reuse project [5]. Certainly, it is not
always easy to achieve comprehensive knowledge of the costs associated with each treatment process
nor obtain comparable figures for various technologies. A detailed cost analysis by process is therefore
required to make useful cost predictions for operating plants, and for simulating new facilities [6].

The existing literature on the technical and economic evaluation of wastewater treatment is
quite extensive.

The cost-benefit analysis (CBA) and, more recently, the life-cycle assessment (LCA) [7] are the most
widely applied tools to evaluate the feasibility of water and wastewater management programs [8].

Molinos-Senante et al. (2010) carried out a cost-benefit analysis of wastewater treatment taking
into account only operational costs (energy, staff, reagents, water management and maintenance) to be
compared to the benefits obtained by the removal of undesirable pollutants (TSS, N, P, etc.) [9]. Godfrey
et al. (2009) carried out a cost-benefit analysis applied to a greywater reuse system using conventional
economic methods for valuation like hedonic prices and contingent valuation [10]. Likewise, Seguí et
al. (2009) used travel cost method to determine the environmental benefits arising from wastewater
reuse in the context of a wetland restoration project [11]. Chen and Wang (2009) propose a net benefit
value model for the cost-benefit evaluation of reuse projects which is applied in a residential area of
China [12]. The literature shows that in most applications related to water resources the quantification
of these externalities has been made using the contingent valuation method (CVM) [13–15].

The methodological approaches concerning the evaluation of the technical construction cost of
wastewater treatment plants have been discussed widely in the literature since the late 1960s.

If the plants are divided by size, population served, type of wastewater and treatment, the unit
costs decrease as the size of the plant increases [16]. On the other hand, if plants are divided as above
and thus the sample considered becomes quite homogenous, inevitably the analysis is carried out on a
smaller number of plants which inevitably causes difficulties in the statistical analysis of the data. This
is a limit if historical prices are parameterized to a single synthetic indicator such as water supply, size
of population served, removal efficiency referring to the main pollutants [17].

If the system is divided into “operating units” or treatment units and each of these into civil works
and electromechanical equipment, it is possible to develop cost functions in relation to the specific
characteristics of each unit [18,19]. For example, D’Antonio et al. have tried to relate the costs to the
physical parameters (tank volume, transverse area, installed electrical power, etc.) of the primary and
secondary sedimentation and oxidation units [20].

Irolli (2003) carried out a study on standard costs related to the population equivalent and the size
of the tanks regardless of the treatment technology [21].

Parametric cost data for small plants (up to 10,000 habitants) were analyzed by different research
teams, based on the size of the population served or on the square meters of required area. The EPA
(2002) [22] and CIRIA [23] provided data on the construction costs of compact prefabricated plants.
Upton et al. (1995) [24], Greenens and Thoeye (2000) [25] and Pergetti and Salsi (2002) [26] analyzed the
costs of natural systems such as phytodepuration, sand filtration, biodiscs, etc., in order to determine
the most suitable solution.
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Fortune and Lees (1996) [27] and Fortune and Hinks (1998) [28] identified multiple linear regression
as one of the sixteen most widely used “traditional” cost modelling techniques [29]. Regression analysis
and neural networks are modelling techniques applied to develop building cost estimation models [30].
McCaffer (1975) [31] and McCaffer et al. (1984) were the first to experiment this method for predicting
construction costs at the early stage of a project [32]. Another application of this technique is provided
by Trost and Oberlender (2003) [33]. Further review of the same application was presented by Skitmore
and Patchell (1990) [34]. Emsley et al. (2002) applied a neural network approach to the forecast of total
construction costs [35]. Elhag and Boussabaine (2001, 2002) applied it for the estimation of the tender
price [36].

Recently, multiple linear regression methods were applied to wastewater treatment plants.
Papadopoulos et al. (2007) [37] compared the Ordinary Least Squares method with the Fuzzy

Linear Regression applied to data on the construction, operation and maintenance costs of existing
wastewater treatment plants in Greece. Rodríguez-Miranda et al. (2015) [38] developed a model
function of the costs of existing treatment plants. The data collected and used in the model refer to the
flow rate or capacity and to the water quality parameters (BOD, TSS, N, P).

Pinheiro et al. (2018) [39] used a simple linear regression analysis to obtain cost functions for five
types of wastewater treatment plants (WWTP) based on their hydraulic and physical characteristics.
Their results allow to assess the capital costs of new WWTP and the current value of existing assets at
strategical and tactical planning levels without having data on the specific components of the facilities.

The present study provides a tool to estimate in advance the construction costs of a conventional
urban wastewater treatment plants having medium-low capacity (<50,000 pe) and built according
to a simplified processes diagram. It supports the technical and economic feasibility assessment of
planned interventions carried out by both designers and public administration officials, which is a
crucial phase in defining how to invest the available public financial resources and in verifying the
sustainability of a project.

The research started with the analysis of 28 tenders awarded between 2001 and 2011 for the
adjustment and new construction of wastewater treatment plants in the Sicily Region. The tender data
was poor. Often, relevant information about the characteristics of the influent, the population served,
the water supply, the geometry of the treatment units and the types of electromechanical equipment,
was lacking.

Therefore, we decided to design nine urban wastewater treatment plants with low-medium
capacity (<50,000 pe) according to a simplified process scheme. In order to understand their expected
construction costs, we adopted a methodology based on cost functions.

Construction costs were calculated according to two different procedures: a synthetic estimate
of the costs for civil works, using parametric costs related to the pe whose data input were official
price lists from the Sicily Region; and a multiple linear regression for the cost of the electromechanical
equipment, whose data input were price lists of the companies producing these machines.

These functions enable the establishment of relationships between the construction costs and the
population equivalent.

2. Materials and Methods

2.1. Wastewater Treatment Plants

Wastewater can have different origins. There are urban, industrial and agricultural origins of
wastewater. Depending on the influent, the type and quantity of pollutants changes. Consequently,
the treatment processes changes.

On the basis of pe number, natural systems are adopted for small communities (<2000 pe) while
plant systems are adopted for large communities (>2000 pe). Natural systems require large spaces but
they have very low operating costs. Plant systems require smaller spaces, but they have high operating



Sustainability 2019, 11, 2609 4 of 18

costs due to the electromechanical equipment that they use. Since 1914 the most common plant system
has been activated sludge [40].

The variety of pollutants present in wastewater requires the adoption of specific processes. In fact,
there are no processes or treatments that can be used for every type of discharge. Tables 1 and 2 [41,42]
list the most common processes in use, respectively, for the removal of specific pollutants and for the
treatment of sludge.

Table 1. Principle processes to remove specific pollutants.

Pollutants Processes

Coarse materials Grid removal

Oils and fats Grit and oil removal

Suspended solids Sedimentation

Volatile compounds Stripping

Biodegradable organic compounds
(low concentration) Aerobic biological treatment

Biodegradable organic compounds
(high concentration) Anaerobic biological treatment

No-biodegradable organic compounds

Adsorption on activated carbon
Membrane water purification
Ozonation
Wet oxidation
Incineration

Biodegradable inorganic compounds
Precipitation
Ion exchange
Membrane processes

Cyanides, chromium Redox

Nitrogen compounds Biological nitrification and denitrification Stripping

Phosphorus Chemical precipitation
Biological phosphate removal

Bacteria, virus

Chlorination
UV irradiation
Disinfection
Ozonation
Lagooning

Table 2. Principle processes for sludge treatments.

Objective Processes

Thickener Gravity thickening

Organic compounds stabilization
Anaerobic and aerobic digester Chemical sludge

treatment
Incineration

Sanitation Pasteurization
Compost transformation

Dehydration improvement Chemical sludge treatment
Thermal conditioning

Dehydration
Centrifugation

Filtration
Drying

Final disposal Landfill
Agricultural usage
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Wastewater treatment is carried out through a series of operations combined to form the
treatment cycle.

The configuration of plant also depends on the sensitivity of the area. According to the European
Directive (91/271/EEC), the water discharged into the receiving bodies shall have specific quality
requirements depending on the sensitivity of the area in which water is discharged. In addition, if the
water is meant for reuse (irrigation, civil or industrial), the configuration of the plants changes because
further refinement treatments has to be planned.

Before discharging into a receiving body, the wastewater shall be subjected to mechanical,
biological and chemical treatment. Conventional activated sludge wastewater plants are classified as
made according to using a “classic process diagram” (Figure 1a) or a “simplified process diagram”
(Figure 1b).

Figure 1a shows a classic process diagram which includes a primary sedimentation process and
an anaerobic sludge digester. Figure 1b shows a simplified process diagram in which the primary
sedimentation and anaerobic sludge digester are absent and an aerobic sludge digester is included.
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This study focuses on the analysis of the construction costs of civil works and electromechanical
equipment built according to a simplified processes diagram (Figure 1b).

All wastewater treatment processes take place in reinforced concrete tanks. Each of these tanks
has a specific function and the polluting substances are separated there from the liquid mass also by
means of specific electromechanical equipment. The equipment and its size is selected depending on
the geometrical characteristics of each tank.

There are many types of electromechanical equipment that can be installed in each treatment unit.
The most common types of electromechanical equipment in urban wastewater treatment plants are
listed in Table 3.

Obviously, the list of equipment above cannot be exhaustive because there is a large variety of
machines available.
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Table 3. Electromechanical equipment for each treatment units.

Grid removal M_1 Sub-vertical bar screen
M_2 Arch-brush screen

Grit and oil removal
M_3 Grit and grease removal by mechanical
travelling bridge scraper
M_4 Tangential sand trap

Aerobic biological treatment M_9 Gas fluid compressor

Final sedimentation M_5 Travelling bridge mechanical scraper clarifier
M_6 Peripheral drive circular clarifier

Disinfection

Aerobic sludge digestion M_9 Gas fluid compressor

Thickener M_7 Sludge thickener with central drive

Dehydration sludge M_8 Belt-filter press

2.2. Cost Construction Evaluation

Project choices have a significant impact on sustainability as management and construction costs
depend on them. In the building sector, costs can be analyzed differently depending on the stakeholders
involved in the production process:

• Total cost of production is crucial to the promoter of the building intervention;
• Construction cost is the main figure of interest to the construction company.

Construction cost (Cc) includes the technical construction cost (Ctk), construction and operating
cost of the yard, the general costs of the company (we may assume 15% of the construction cost) (Sg)
and the entrepreneur’s profit (we may assume 10% of the construction cost and general costs) (Uc) [44].

Cc = Ctk + Sg + Uc (1)

In particular, the technical construction cost (Ctk) is made of: labor (Sa), materials (M) and
freight/transport (Nt) which are variable factors depending on the quantity of product to be
manufactured and the time:

Ctk = Sa + M + Nt (2)

Each project is defined by three levels of design:

• Technical-economic feasibility study;
• Final design;
• Executive design.

Three estimation procedures can be defined according to the design level (Table 4):

• Direct evaluation procedures (synthetical estimate);
• Indirect evaluation procedures (analytical estimate);
• Mixed evaluation procedures.

Table 4. Design levels and estimation procedures.

Level Design Estimation Procedures Findings

Technical-economic feasibility study Synthetic procedure:
Parametric cost General preventive

Final and executive design Analytical procedure:
Bill of quantities and prices analysis Detail preventive
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The synthetic estimation consists of forecasting the most likely cost value of a project by comparing
it with known costs from similar projects carried out on the basis of appropriate parameterizations [45].
A specific parameter is chosen depending on the type of work. For example, square meters of surface
area is used for residential construction, linear meters for plant pipelines, number of beds for hospitals,
etc. The construction cost (€/m2 or €/m3) is estimated by comparison with similar projects [44].

The analytical estimation consists of an estimate where there is no known scale of prices [46].
The analysis is carried out by comparing the identified working processes with the known costs of
similar working processes that have already taken place. The process quantifies and gives an economic
value to all production factors through unit prices [45].

In the final and executive designs, bills of quantities and prices analysis are used in order to carry
out a detailed estimation. These tools allow the establishment of unit costs and reference parameters
for each type of work, as well as the calculation of project quantities [44].

A high availability of historical costs is necessary for both procedures. For the synthetic estimation,
price lists are used. For analytical estimation, informative price lists are used [47].

Construction Cost of Wastewater Treatment Plants

As with all industrial systems, also for wastewater treatment plants we can draw a distinction
between capital and operating costs [48].

Capital costs are the costs necessary to carry out the work:

• Costs necessary for the construction of civil works;
• Costs necessary for the supply and installation of electromechanical equipment;
• Other expenditure such as VAT, design costs, contingency costs, etc.

Operating costs are the costs that the entity operating the plant has to bear annually to operate it
efficiently:

• Staff;
• Electricity;
• Reactive agents;
• Ordinary and extraordinary maintenance.

Metcalf & Eddy (2006) [42] lists the main aspects to consider when choosing a wastewater
treatment plant. The most relevant are:

• Plant configuration;
• Equipment.

In an activated sludge plant, these are the factors that have the greatest impact on capital costs.
As mentioned in Section 2.1, the configuration of a wastewater treatment plant depends on several
factors (population equivalent, influent characteristics, effluent quality requirements, etc.).

Location is another key factor to set capital costs. Depending on the location of the treatment plant,
environmental and landscape constraints must be checked. For example, the criteria for monitoring
environmental impact in areas of value involve the total coverage of a plant. Therefore, the coverage of
the plant increases construction costs significantly.

2.3. Multiple Linear Regression

The multiple linear regression method is often used to estimate construction cost [49]. It consists
of developing a mathematical model that explains the relationship among several variables.

The aim is to find the value of a dependent variable as a function of a set of independent or
regressor variables [50]. The method is used to measure the effect that independent variables have on
the dependent variable [51].
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The representative function of multiple linear regression with p independent variables is a linear
equation:

y = β0 + β1x1 + β2x2 + . . .+ βpxp + ε (3)

where:

β0 = intercept;
β1, . . . , βp = unknown numerical constants, called regression coefficients (they indicate a variation
of y when x increases by one unit);
x1, . . . , xp = values assumed by known variables;
ε = forecasted error, with expected value 0 and variance σ2;
y = unknown dependent variable.

The multiple regression model is based on the following assumptions:

• Linearity: The dependent variable y can be expressed as a linear combination of the independent
variables x1, . . . , xk.

• Independence: Observations are selected independently and randomly from the population.
• Normality: Observations are normally distributed.
• Homogeneity of variances: Observations have the same variance [52].

The Ordinary Least Square (OLS) method is used in order to calculate the regression coefficients.
It ensures that error is minimal, i.e., that the distance between the observed values yi and expected
values ŷi is minimal. Therefore, the equation can be expressed as:

ŷ = β0 + β1x1 + β2x2 + . . .+ βpxp (4)

ε = y− ŷ (5)

from which:
n∑

i=1

(yi − ŷi)
2 =

n∑
i=1

(yi − β̂0 − β̂1x1 − β̂2x2 − β̂pxp)
2
= min (6)

The method calculates standard errors that measure the reliability of the estimates: the estimate is
more reliable if the value of the standard error is smaller.

A fundamental parameter is the coefficient R2 that allows to evaluate the adaptability of the
estimated regression model. It can take a value between 0 and 1. If the points are close to the line of
the minimum squares, the coefficient R2 will be closer to 1. As a result, adaptation will be better and
vice versa.

The coefficient shall be adjusted to take account of possible added variables. In fact, the coefficient
R2 tends to increase as the number of variables increases. Therefore, it is necessary to calculate a
“corrected” or “adjusted” R2 that is used to measure the fraction of the explained deviation [51].

3. Results

3.1. Estimation Method for Urban Wastewater Treatment Plants

Our first goal in the research was to calculate the standard costs to estimate the procurement cost
of construction of an urban wastewater treatment plant under various conditions, helping to set a
reference for the estimated costs that the public authority bears to provide the service [53].

Following the example of the experiment carried out by the Supervisory Authority for Public
Works [54], we applied the OLS method to correlate the construction cost of the wastewater treatment
plant with the pe [55].

We first collected the data taken from the 28 tenders awarded between 2001 and 2011 for the
revamping and new construction of wastewater treatment plants in the Sicily Region.
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The data was collected at the Department of Water and Waste at the Regional Department of
Energy and Public Utilities of the Region of Sicily in Palermo. The documentation consists of general
reports, bills of quantities, list and price analysis of the executive projects awarded.

The following activity was to create “data sheets” of the project which could be easily understood
by the contracting authorities and by the administrations in charge of the control. The logic behind
the data sheet is to divide the project into its different works. For each work more information was
collected, including typological and quantitative characteristics. In the same sheet there is also the
total amount of the cost work. The amount excludes the costs not strictly related to the dimensional
parameters of the plant (for example, urbanization works and outdoor lighting).

The data collected showed that it is difficult to standardize the process of constructing water
treatment the plants because:

• there are a vast number of design alternatives in terms of type, size and technology [21];
• the purification techniques offer numerous possibilities to achieve the same or similar results

through different processes [6];
• local conditions, the location of the plant, the specific conditions of the land and urbanization

works have a decisive influence on the construction cost even for plants having the same efficiency,
population served, and flow rate treated;

• strong fluctuation in costs in the tenders analyzed was probably due both to the presence
of few specialized companies that supply electromechanical equipment having a strong
competitive position;

• price breakdown is lacking, which means that the differences among the plants are hard to detect.

To overcome these issues, we provide a more detailed analysis. The database showed that each
civil work can be broken down in a number of processes that are not all necessarily carried out and are
not all functions of the design parameters. In this regard, we identified the civil works that more often
take place in each treatment unit to define a significant standard cost based on a few but fundamental
pieces of information. The works that recur more often are excavations, concrete, formworks, steel,
ironworks, landfill transport, hydraulic/electric works and electromechanical systems. Among them,
the electromechanical works have the greatest impact on costs in the works to be carried out. Therefore,
we decided to focus on these.

This first analysis indicated that the preliminary estimate of the construction cost of a plant could
not be based solely on tenders’ award.

3.2. Synthetic Estimation for Construction Cost of Civil Works of Wastewater Treatment Plants

The synthetic estimation procedure was used to carry out a preliminary estimation of the
construction costs of the civil works. A fundamental step is to identify the most effective parameter to
be applied to the type of project [56]. In this case, the parameter chosen was the Population Equivalent
or pe, on which the flow rate of the water and the volume of the treatment units depend.

The proposed method for the parametric cost estimate was applied to an urban wastewater
treatment plant according a simplified process diagram. Treatment units are shown in Figure 1b.
The construction cost of each treatment unit was calculated based on a basic design of the wastewater
treatment plants.

To this end we designed nine wastewater treatment plants with medium-low capacity (<50,000 pe).
They were thought to serve population equivalents of 5000; 10,000; 15,000; 20,000; 25,000; 30,000; 35,000;
40,000 and 45,000. Starting from a basic water supply of 200 L/pe · d, an increase depending on the
demographic class and the relative urban and collective consumption was considered (Table 5) [41].
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Table 5. Population Equivalent and water supply.

pe From 5000 to 10,000 From 15,000 to 45,000

L/pe · d 280 300

We designed the nine wastewater treatment plants taking into account the treatment of urban
wastewater whose pro capite values of total suspended solids (TSS), organic load (BOD5), nitrogen (N)
and phosphorus (P) are within the limits of rural or little industrialized centers as shown in Table 6 [57].

Table 6. Pro capite values.

TSS 90 g/pe · d
TDS 100 g/pe · d

BOD5 60 g/pe · d
N 12 g/pe · d
P 2 g/pe · d

Considering the assumed pro capite values, the water supply and coefficient of inflow into the
sewerage system of 0.8, the pollutants concentrations are displayed in Table 7 [41].

Table 7. Concentration of pollutant.

Water Supply 280 300 L/pe · d
TSS 402 375 mg/L

TDS 446 417 mg/L

BOD5 268 250 mg/L

N 54 50 mg/L

P 8 8 mg/L

For the removal of suspended solids, biodegradable organic material and pathogens, seven
underground reinforced concrete tanks were designed to be placed on a foundation slab. The building
process for such tanks can be divided in the following phases:

• Excavations;
• Concrete;
• Formworks;
• Steel;
• Waterproofing;
• Landfill transport.

For each treatment unit and for each of the nine wastewater treatment plants, we calculated the
quantity of civil works to be carried out in each phase. To obtain the construction costs we associated
the quantities of these works to the unit prices of the Sicily Regional Price List 2019 [58]. This price
list is for finished works and/or supplies with installation and takes into account labor, freight and
transport costs, general expenses (assuming 15.00%) and company profits (assuming 11.50%).

The capital costs of the civil works for each treatment unit are shown in Table 8.
The capital costs should be adapted to the specific cases, by changing them [48] as following

(Table 9):

• The construction costs of the hydraulic and electrical connections, as they are a function of the
complexity of the plant and are higher for large plants, should compose between 15% and 20% of
the treatment unit costs.
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• The costs for the arrangement of the plant area, which decrease when the dimension increases,
should compose 35% of the treatment unit costs.

• The construction costs of the service structures, which increase when the dimension increases,
should compose between 20% and 30% of the treatment unit costs.

Table 8. Parametric capital cost (€/pe) calculated for civil works of each treatment unit.

pe 5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

Grid chamber 0.54 0.39 0.33 0.27 0.24 0.23 0.19 0.19 0.20
Grit removal 0.00 0.00 1.75 1.63 1.57 1.60 1.48 1.48 1.49
Aeration tank 10.27 8.65 7.86 7.48 7.19 6.98 6.84 6.68 6.60

Sedimentation tank 14.41 10.75 8.77 7.72 6.67 6.21 5.95 5.76 5.61
Disinfection tank 4.80 3.73 2.53 2.19 1.99 1.86 1.76 1.69 1.64
Thickener tank 1.12 0.82 0.75 0.74 0.75 0.62 0.66 0.70 0.62

Sludge digestion tank 20.71 17.18 15.58 14.70 14.10 13.67 13.33 13.06 12.84
Parametric capital cost 51.86 41.53 37.58 34.72 32.51 31.17 30.22 29.57 28.99

Table 9. Total parametric capital cost (€/pe) for wastewater treatment plants with low-medium capacity
(<50,000 pe).

pe 5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

Total cost of civil work of
treatment units 51.86 41.53 37.58 34.72 32.51 31.17 30.22 29.57 28.99

Costs of hydraulic and
electrical connections 7.78 6.23 5.64 5.21 4.88 4.68 4.53 4.44 4.35

Costs of service structures 14.00 13.00 15.12 13.98 13.09 12.55 12.16 11.90 11.67
Costs for arrangement of

external area 22.09 15.19 14.58 13.48 12.62 12.10 11.73 11.48 11.25

Total parametric capital cost 95.73 75.95 72.92 67.39 63.09 60.49 58.64 57.38 56.26

The equation of the cost curve for wastewater treatment plants between 5000 pe and 45,000 pe
is thus:
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Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
displayed in Table 13.

Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price (M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:

pe
(M_7) =

26, 337.10
25, 000 pe

= 1.05
pe

Table 14 shows the parametric costs of electromechanical equipment chosen for this study.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as
the population equivalent increased.

/pe = 705.33× pe−0.237 (7)

Figure 2 shows that the value of the coefficient R2 is 0.9872, showing that the curve represents
very well the relationship between construction costs and the population equivalent.
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As expected, the decreasing trend of the curve indicates that with the increase of the pe the unit
cost decreases. The maximum unit cost was for 5000 pe and with a simplified process diagram was
equal to 95.73 €, while the minimum unit cost was for 45,000 pe and was equal to 56.26 €.

It is noteworthy that the greatest economic benefit was obtained by increasing the size of a plant
from 5000 pe to 10,000 pe as the unit cost fell by 20.00 €/pe, while from 10,000 pe to 45,000 pe the
economic benefit was much lower, with the difference in unit cost ranging from just 5.00 €/pe down
to 1.00 €/pe. When increasing the size of plants from 30,000 pe to 45,000 pe, there was practically no
economic benefit.

Figure 2, therefore, shows that it is cheaper to build large wastewater treatment plants, especially
up to 10,000 pe rather than many small ones, and this should be taken in consideration when sizing a
plant. However, the economic benefits must be assessed also in relation to the sewage system and the
operating costs.

3.3. Cost Evaluation for Electromechanical Equipment

Besides civil works, another key subgroup in wastewater treatment plant construction costs are
related to the electromechanical equipment. Different types of equipment performing the same function
can be installed in wastewater treatment plants. The type adopted depends on the design choices.

The machines analyzed refer to those more commonly used in the conventional wastewater
treatment plants:

• Sub-vertical bar screen (M_1);
• Arch-brush screen (M_2);
• Grit and grease removal mechanical travelling bridge scraper (M_3);
• Tangential sand trap (M_4);
• Travelling bridge mechanical scraper clarifier for sedimentation tank (M_5);
• Peripheral drive circular clarifier for sedimentation tank (M_6);
• Sludge thickener with central drive for thickener tank (M_7);
• Belt-filter press for mechanical dehydration (M_8);
• Gas fluid compressor (M_9).

In the 28 tenders for wastewater treatment plants that we selected, we also observed a large
fluctuation in the price for apparently similar electromechanical equipment. For this reason, we chose
to apply a statistical method of multiple linear regression to predict the cost of such machinery [59].

In this case, as the Sicily Regional Price List 2019 did not supply any reference price, we had to
directly collect the data from suppliers.

Eleven Italian companies specialized in the production of electromechanical equipment for
treatment plants were contacted to deliver their price list. The price lists that were submitted refer only
to supply of the machinery and exclude VAT, transport and assembly.

We observed that the price changed according to the geometric and performance characteristics of
the individual device (width, length, height, diameter, power, etc.).

Our aim was to understand which of these characteristics has the greatest impact on the price of
the machinery. Therefore, we applied the multiple linear regression method to find a cost function for
each machine.

Analytically, the price was set as a dependent variable and the geometric and performance
characteristics of the machine as independent variables (regressors).

The size of an electromechanical device was selected according to the size of the tank in which it
is to be installed. The geometric and performance characteristics of each treatment unit are known by
the preliminary design of the nine treatment plants.

Table 10 shows the geometric and performance characteristics of each device in relation to the pe.
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We skipped the M_2 and M_4 machines because they were not included in the plants that we
designed and thus we could not know their geometric and performance characteristics, but only their
prices which, as stated above, are not useful by themselves.

The cost function was applied to the nine electromechanical units included in our nine designs of
wastewater treatment plants are shown in Table 11.

Table 10. Size of electromechanical equipment.

pe

M_1 M_3 M_5 M_6

Width
(L.C.) (mm)

Discharged Height
(A.S.) (mm)

Length
(L) (mm)

Diameter
(D) (mm)

Power
(W) (kW)

Diameter
(D) (mm)

Power
(W)(kW)

5000 500 1100 13,000 0.55 13,000 0.55
10,000 600 1300 18,000 0.55 18,000 0.55
15,000 650 1450 8300 22,000 0.55 22,000 0.55
20,000 550 1450 10,100 25,000 0.55 25,000 0.55
25,000 1000 1400 11,600 27,000 0.55 27,000 0.55
30,000 1300 1350 12,800 30,000 0.55 30,000 0.55
35,000 1050 1550 13,400 32,000 0.55 32,000 0.55
40,000 1400 1400 13,900 34,000 0.55 34,000 0.55
45,000 1800 1400 14,300 36,000 0.55 36,000 0.55

pe

M_7 M_8 M_9

Diameter
(D) (mm)

Height
(H) (mm)

Power
(W)(kW)

Length
(L) (mm)

Power
(W) (kW)

Flow rate
(Q) (m3/h)

Power
(W) (kW)

5000 4000 3800 0.55 500 0.55 187 5.5
10,000 5000 4500 0.55 800 0.75 328 9.2
15,000 6000 4500 0.55 1200 1.1 490 9
20,000 7000 4400 0.55 1500 1.5 616 15
25,000 8000 4200 0.55 2500 3 773 18.5
30,000 8000 5000 0.55 2500 3 1007 22
35,000 9000 4500 0.55 2500 3 1152 30
40,000 10,000 4200 0.55 3000 3 1243 30
45,000 10,000 4600 0.55 3000 3 1360 30

Table 11. Cost functions for electromechanical devices. L.C. (Canal width), A.S. (Discharge height), D
(Diameter), L (Length), H (Height), Q (Flow rate), W (Power).

Devices Cost Functions R2

M_1 € = 23,900 − 8.801 (L.C.) − 0.961 (A.S.) + 0.003 (L.C.)2 + 0.003 (L.C. × A.S.) − 4254
+ 3.189 (L.C.)

0.9607

M_2 € = 5327.496 + 1.5059 (L.C.) + 2.5204 (D) − 2222.038 + 5.4934 (L.C.) − 3.2146 (D) 0.974
M_3 € = 134,600 − 21.22 (L) + 0.001 (L)2 − 100,200 + 19.57 (L) − 0.001 (L)2 0.9673
M_4 € = 7720 + 2.126 (Q) − 0.0000728 (Q)2 + 233.8 − 0.112 (Q) 0.991
M_5 € = 9082 + 2.662 (L) + 26,920 (W) − 8.102 (W)2 − 9603 0.9806
M_6 € = 9005 + 1.454 (D) + 9122(W) − 12570 0.993
M_7 € = 35,480 + 0.5396 (D) − 8.216 (H) − 54,800 (W) + 0.0005 (D × H) + 14.29 (H ×W) 0.992
M_8 € = 2835 + 10.24 (L) − 13,900 (W) + 6.852 (L ×W) + 37,670 0.9997
M_9 € = 5963 − 3.455 (Q) + 234.4 (W) + 0.033 (Q ×W) 0.952

The price of each machine was determined by replacing the values listed in Table 10 in the
equations in Table 11.

The geometric and performance characteristics (regressors) on which the price of each machine
depends are summarized in Table 12.
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Table 12. Statistically significant independent variables for the determination of the price.

Characteristics M_1 M_2 M_3 M_4 M_5 M_6 M_7 M_8 M_9

Width (L.C.) x x
Length (L) x x x
Height (H) x

Discharge height (A.S.) x
Diameter (D) x x x
Flow rate (Q) x x

Power (W) x x x x x

Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
displayed in Table 13.

Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price
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Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
displayed in Table 13.

Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price (M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:

pe
(M_7) =

26, 337.10
25, 000 pe

= 1.05
pe

Table 14 shows the parametric costs of electromechanical equipment chosen for this study.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as
the population equivalent increased.

(M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:
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Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
displayed in Table 13.

Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price (M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:

pe
(M_7) =

26, 337.10
25, 000 pe

= 1.05
pe

Table 14 shows the parametric costs of electromechanical equipment chosen for this study.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as
the population equivalent increased.

pe
(M_7) =

26, 337.10
25, 000
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Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
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Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price (M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:
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Table 14 shows the parametric costs of electromechanical equipment chosen for this study.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as
the population equivalent increased.

pe
= 1.05
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Taking for example the M_7 machine model (sludge thickener with central drive), the estimated
parameters together with their respective standards of error, t-value and p-value significance level are
displayed in Table 13.

Table 13. Machinery statistical data (M_7).

Coefficients Estimate Std. Error t value Pr(>|t|)

(Intercept) β0 35,480.0 5987.0 5.926 0.0000
D β1 0.5396 0.7898 0.683 0.5037
H β2 −8.216 1.4780 −5.559 0.0000
W β3 −54,800.0 24,030.0 −2.280 0.0358

D:H β4 0.0005 0.000 2.945 0.0091
H:W β5 14.290 5.557 2.572 0.0198

Multiple R2 0.992
Adjusted R2 0.9897

In relating the diameter (D), height (H) and power (W) of the machine to the price, the coefficient
of determination R2 had a value equal to 0.992 which means that there was an excellent approximation
to the observed data.

Referring to Equation (2) and the calculated statistical data, the cost function of the machinery
M_7 was:

Price (M_7) = 35, 480 + 0.5396D− 8216H − 54, 800W + 0.0005(DxH) + 14, 290(HxW) (8)

If we attribute the values of the machine dimensions corresponding to 25,000 pe:

D = 8000 mm

H = 4200 mm

W = 0.55 kW

it is possible to find le price of machine:

€ (M_7) = 26,337.10 €

The parametric cost is:

pe
(M_7) =

26, 337.10
25, 000 pe

= 1.05
pe

Table 14 shows the parametric costs of electromechanical equipment chosen for this study.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as
the population equivalent increased.

pe

Table 14 shows the parametric costs of electromechanical equipment chosen for this study.
As for civil works, the unit costs of electromechanical equipment also had a decreasing trend as

the population equivalent increased.
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The results show also that for these costs the economic benefit was the greatest when increasing
the size of the plant and of its electromechanical equipment from 5000 pe to 10,000 pe; after which the
increase resulted in smaller benefits.

Table 14. Parametric cost (€/pe) of electromechanical equipment.

5000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

M_1 3.61 1.83 1.23 0.92 0.78 0.70 0.58 0.55 0.55
M_3 0.00 0.00 1.85 1.41 1.16 1.00 0.87 0.78 0.70
M_5 5.03 3.05 2.39 1.92 1.64 1.46 1.40 1.36 1.33
M_6 3.00 2.23 1.87 1.62 1.41 1.32 1.22 1.14 1.08
M_7 2.87 1.86 1.44 1.21 1.05 0.98 0.87 0.80 0.76
M_8 13.08 6.79 4.80 3.80 2.88 3.38 2.89 2.92 2.59
M_9 1.33 0.71 0.43 0.38 0.32 0.28 0.29 0.25 0.21

4. Discussion

The study refers to the costs of the civil works and of the electromechanical equipment of a typical
civil urban wastewater treatment plant with low-medium capacity (<50,000 pe) built according to a
simplified process diagram. The work has led to several remarks. Standard costs cannot be based
on prices taken from public tenders because they are affected by multiple factors that cannot always
be controlled and measured. In fact, one of the reasons for these costs fluctuations is that there is no
reference price for processes commonly used in construction of a wastewater treatment plant.

Figure 2 shows a decreasing cost curve with increasing population equivalent (pe). The curve
would seem to suggest that it is preferable to build centralized wastewater treatment plants to convey
all the water to a single treatment plant, which would be sized for the corresponding pollutant load.
But it should be noted that there are constraints to define the optimal size of a centralized system.

Several advantages, criticisms and limitations that take into account social, economic and
environmental issues have to be considered [60].

Centralized wastewater collection and treatment systems are costly to build and operate, especially
in areas with low population densities and dispersed households. Moreover, developing countries
lack both the funding to construct centralized facilities and the technical expertise to manage and
operate them. Alternatively, the decentralized approach for wastewater treatment which employs a
combination of onsite and/or cluster systems is gaining more attention. Such an approach allows for
flexibility in management, and simple as well as complex technologies are available. The decentralized
system is not only a long-term solution for small communities but is more reliable and cost effective [61].

While centralized approach may have been suitable for maintaining low costs of construction,
many agree that in face of a continually growing urban population and increasing water scarcity
worldwide, a shift towards decentralization and source separation of domestic wastewater should
be considered.

In fact, some of the issues driving the interest in decentralized systems, apart from declining local
water sources, are financial efficiency, installation timeframe of infrastructures, water security, water
loss derived from long distance transport, environmental degradation of aquatic habitats and local
community empowerment [62].

5. Conclusions

The technical-economic feasibility study of a project is a crucial phase both for designers and for
public administrations that have to deal with the limited resources available.

This article proposes a method to estimate in advance the construction costs of a conventional
wastewater treatment plant with low-medium capacity (<50,000 pe) according to a simplified process
diagram (Figure 1b). Operating costs (staff, energy, reagents, etc.) are excluded from the study.
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The first step was to analyze the data collected from various tenders which showed that taking
the data and relating it pe (Population Equivalent) does not lead to the definition of reliable standard
overall construction costs. This is due to the multiple factors involved in defining the plant structure
(such as influent characteristics, plants localization, and effluent quality requirements), whose impact
is so strong that the overall construction cost of similar plants may greatly differ. Using population
equivalent as a reference parameter is a valid approach to easily calculate the expected investment,
but more in-depth study is needed in order to use it.

Therefore, we proceeded by breaking down the overall plant construction cost into its main parts
and checked that the most significant ones are the costs for civil works and for electromechanical
equipment. We focused on these two.

As far as the civil works are concerned, we calculated the quantity of such works to be carried out
and their costs per each type of wastewater plant (we proceeded by designing nine of them ranging
from 5000 pe to 45,000 pe). It appeared that the greatest benefit is obtained when increasing the size of
a plant from 5000 pe to 10,000 pe (the decrease is almost 20.00 €/pe), while from 10,000 pe to 20,000 pe
the economic benefit observed is smaller and from 20,000 pe to 45,000 pe is very little.

For the costs of the electromechanical equipment, we used multiple linear regression. The price
was set as a dependent variable and the geometric and performance characteristics of the machines as
independent variables (Table 11). The function thus obtained represents fairly well the real data as
the adaptation coefficient R2 ranges from 0.952 to 0.997. The function shows that again the greatest
benefit is when increasing the size of a plant from 5000 pe to 10,000 pe, especially due to the sharp
decrease in the cost per pe of the belt-filter press for mechanical dehydration—a highly expensive
component. Increasing the plant over 10,000 pe still brings some economic benefit especially up to
20,000 pe, beyond which the benefit tends to become clearly smaller.

The economic benefits of increasing the size of the plant up to 10,000 pe and over should be
balanced by the costs of constructing collective sewerage networks and connecting structures between
the cities.

The topic discussed is of current interest. To date, in fact, the community attributes to the
protection of the environment an importance that must come to terms with the limited economic
resources available.
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