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ABSTRACT 

The present thesis is motivated by the challenge that Portugal is facing after an intensive, but still ongoing infrastructural 

phase, of contributing to the cost estimation of two essential public services for society, water supply and wastewater 

drainage,. Thus, the study focuses on the evaluation of exploitation costs of infrastructures of the urban water cycle, 

with an initial analysis of the characteristic and representative variables and parameters that must be taken into account 

for the quantification of this type of costs. 

This thesis was supported by the project "Determination of Reference Exploitation Costs for Infrastructures of the Urban 

Water Cycle" financed by ERSAR and POSEUR.  

Statistical analysis of exploitation costs result in cost functions with application ranges for the various components. In 

this way an automated tool was developed in VBA environment, which gives the user several benefits: (i) to face 

different hypotheses of study; (ii) availability of data for the study of temporal trends; (iii) application capacity in systems 

with different infrastructures; (iv) analyze costs of different parts of the system within the same analytical framework. 

From the application of this tool to a theoretical system, it was demonstrated that the exploitation models provide mean 

values for costs, representative of the national reality, for each component and constitutes an added value in the 

support to the management of these services, based on current and solid bases. 
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INTRODUCTION 

1.1. Contextualization 

After an intensive infrastructural phase, the managing bodies are currently facing challenges that, if left unresolved, 

can be responsible for constraints on water services provision in the coming decades. Facing this, Portugal is currently 

engaged in the structural transformation of its development model, particularly in the areas of water supply and 

sanitation infrastructures. The knowledge, analysis and control of the infrastructures exploitation costs takes a 

particular importance in this paradigm. 

It was in this context that the project "Determination of Reference Exploration Costs for Infrastructures of the Urban 

Water Cycle" [2] [3] [4] emerged, financed by ERSAR and POSEUR. Its main goal it is the establishment of a reference 

framework for exploitation costs of water supply and sanitation services, representative of the Portuguese national 

setor. Within the scope of this project an automated tool was developed in Visual Basic for Applications (VBA), internal 

to excel software. It is believed to be a useful support tool, with a potential positive impact over ERSAR and POSEUR 

regarding its regulatory and financing competences on the water sector. 

This paper only deals with exploitation costs not with investment costs nor with storm water systems. 

 

1.2. Exploitation Costs 

The exploitation of urban water cycle infrastructure consists of a series of activities that aim to provide adequate 

conditions for its correct functioning. In this way, the activities developed should be established on the basis of routine 

procedures, both at the operation and preventive maintenance level [1]. 

Thus, exploitation costs (O&M) can be distinguished between maintenance costs (including on construction 

components and electrical equipment and installations) and operating costs (including, but not limited to, energy 

consumption, reagents, water, fuel, transport, laboratory analysis and personnel costs) supported by managing bodies.  

This confirms the complexity of the evaluation and quantification of reference values, a process that presents a large 

degree of uncertainty due to its dependence on several contextual and site-specific factors, which are not fully 

considered when dealing with average cost values, as it is the case.  

As main influencing factors of O&M costs can be highlighted: climate conditions; state and condition of existing 

infrastructures, local land conditions and experience, “know-how and scale/dimension of managing bodies.  

Among the main items of O&M costs, can be highlighted the energy costs, reagents used in water treatment and human 

resources. In the case of conventional wastewater treatment systems, electricity costs are, usually, significant, 

representing the second highest percentage, immediately following personnel costs.  

Due to the interest of ensuring the continuity and quality of the services provided, the quantification of O&M costs has 

become increasingly relevant to managing utilities. However, in these processes, the main challenge still lays on the 

lack of reliable data and the resistance of the managing bodies to supply and share that type of information. 

1.2.1. Methodology steps 

The methodology used herein follows four steps: 

1. Definition of a theoretical cost model for each type of infrastructure taking into account characteristic variables 

and parameters. In a first step, theoretical equations, by component, were obtained through analysis of the rational 

of operation and processes (for example, in pumping systems flow and pumping height are relevant);  

2. Collection, Selection and Data Processing: The data collection was acquired through several meetings with the 

managing bodies involved and through specific request of data, supported by the Regulatory Authority (ERSAR). 
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Naturally, the involvement of managing bodies was crucial to this process. Once the available data was collected 

and processed by component and the database constructed, the sample was characterized, analysed and 

selected, ensuring an adequate selection of the systems and data to be included in the calibration steps of the 

O&M costs models, for each infrastructure; 

3. Establishment of cost items and Identification of characteristic parameters: At the same time, the different 

infrastructure components and their characteristic parameters were identified and explored in order to define the 

explanatory variables to be incorporated in the various models, for each component; 

4. Calibration and validation of the cost models and functions, with the data of the systems identified in the 

previous point, and sensitivity analyses. This task is one of the most important steps in the study and affecting 

strongly the results obtained. 

 

2.  ESTIMATION OF EXPLOITATION COST MODELS BASED ON DATA FROM NATIONAL MANAGING BODIES 

2.1. Contextualization 

The following analysis of O&M costs, broken down by cost items or in the aggregate form (total costs), constitute a 

representative sample of the different components of the supply water and sanitation infrastructure in the national 

territory for the year 2016. For this study, the components analysed for the water supply systems includes water 

distribution network, water abstractions, reservoirs, pump systems and water treatment plant (WTP), including, type I, 

II and III. As for the sanitation systems the components include sewer system, pump system and wastewater treatment 

plants (WWTP), including, compact, activated sludge processes (conventional and extended aeration), pond process, 

wetlands and trickling filters (the most widely used treatments in Portugal).  

The determination of the O&M cost functions by type of infrastructure required, previously, the organization and 

definition of the mean costs and the analysis of the representative parameters for each component.  

The total average costs estimate and of the cost functions for exploitation activity was carried out based on the results 

obtained in the project "Determination of Reference Exploration Costs for Infrastructures of the Urban Water Cycle". 

2.2. Sample characterization  

In order to select the data base for this study, representative managing bodies were chosen: Águas de Portugal Holding 

AGS, AQUAPOR, INDAQUA, Águas de Santarém, Águas do Ribatejo, Barreiro city council, Almada Municipal services 

for water supply and sanitation. The consulted information included costs for each component analysed, energy, 

reagents and personnel, among others. The level of detail of information provided presented a significant variability 

with incomplete or not reliable information and it was necessary to resort to the selection of the constituent elements 

of the final sample, that is, of the sample to be considered for the study.  

 

2.3. Estimation of exploitation cost  

Once the available information was collected and treated by component and the databases were constructed, the 

characterization and analysis of the sample was carried out. In that phase mean values for each of the components 

were obtained. Afterwards, in order to obtain cost functions with application ranges for the various components, 

statistical analysis of O&M costs were done. The final cost functions were the ones that best fit the sample data. For 

the modelling of cost functions, the cost functions in the form of power were privileged. The regressions are developed 

in the logarithmic scale and in the linear scale.  

https://www.linguee.pt/ingles-portugues/traducao/characterization.html
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Thereafter is presented an example with results that correspond to the analysis of the data provided by the managing 

bodies for one type of wastewater treatment plants (WWTP), in figure 1. 

 

 

 

 

 

 

 

 

 

       (a)  Total unit O&M cost (€/m3)                                       (b)   Average percentage distribution of cost items (%) 
 

Figure 1: Compact WWTP 

 

The results observed in figure 1 (b) are exemplary of the conclusions obtained for the distribution of cost items. It can 

be assumed that the total O&M costs of water supply and sanitation systems can be the sum of the most representative 

ones: energy, reagents used in treatment systems (WTP and WWTP) and personnel costs, since they are sufficiently 

representative of the total cost. From the results obtained by the present study it was not possible to establish a 

percentage per item for each component.  

The following results correspond to statistical analysis for compact WWTP. Figure 2 (a) and (b) shows the total unit 

cost as a function of the treated daily flow.   

Figure 2: Statistical analysis of compact WWTP 

 

As expected unit costs vary inversely with treated flow. This influence can be observed by the dilution of fixed costs 

when the treated effluent volume increase, providing considerably higher unit costs for infrastructures with lower treated 

flowsy. 
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2.4. Results 

2.4.1. Mean values 

The experience and analysis of other similar studies are important. However, it is impossible to avoid the particularities 

and constraints related with each component. In addition, due to the characteristics of the sample it was not always 

possible to calculate a representative value for the average unit cost in part due to the small size of elements of some 

type of infrastructures. In table 1 and 2 are shown the mean values corresponding to the analysis of the data provided 

by the managing bodies, for each component. 

 

2.4.2. Exploitation cost functions 

Any statistical analysis regarding the quality (accuracy, uniformity and detail) and quantity of the database 

(representativeness and availability) has limitations. In this case, the limitations are evident, not only in terms of 

quantity, quality and homogeneity of data. There are also limitations resulting from the statistical approach adopted in 

the development of models.  

Tables 3 and 4 present the proposed cost functions for cost estimate of the different components of the water supply 

and sanitation system and which have been integrated into the automated tool.  

 

Table 1: Summary of O&M unit average costs for water supply systems 

 
 

Table 2: Summary of O&M unit average costs for sanitation systems 

Components Type 

Average unit cost 

Energy Reagents 
Personnel and other 

costs of O&M 
Total 

Sewer system  - - - 1.80 €/m 

Pump system  0.12 €/m3 - 0.31 €/m3 0.43 €/m3 

WWTP 

Compact - - - 0.37 €/m3 

Activated sludge 
process by 
conventional 
aeration 

0.04 €/m3 0.06 €/m3 0.05 €/m3 0.15 €/m3 

Activated sludge 
process by 
extended aeration 

0.10 €/m3 0.07 €/m3 0.04 €/m3 0.21 €/m3 

Pond process - - - 0.06 €/m3 

Wetlands - - - 0.09 €/m3 

Trickling filters - - - 0.11 €/m3 

 
  

Components Type 
 Average unit cost 

Energy Reagents Personnel and other costs  Total 

Distribution system - - - -       1.70 €/m 

Water abstractions 
Groundwater 0.13 €/m3 - 0.17 €/m3 0.30 €/m3 

Surface 0.08 €/m3 - 0.41 €/m3 0.49 €/m3 

Reservoirs - - - - - 

Pump system - 0.11 €/m3 - 0.19 €/m3 0.30 €/m3 

WTP 

Type I - - - - 

Type II 0.05 €/m3 0.03 €/m3 0.02 €/m3 0.10 €/m3 

Type III 0.06 €/m3 0.06 €/m3 0.03 €/m3 0.15 €/m3 
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Table 3: Summary of O&M cost functions for water supply systems 

Components Costs  Area of application Cost functions 

Distribution 
system 

Total (€/year) 300 < 𝐿 ≤ 1 400 𝐶𝑡𝑜𝑡𝑎𝑙 = 1 700 × 𝐿 

Water 
abstractions 

Total (€/year) 𝑄𝑑 × 𝐻 ≤ 400 000 𝐶𝑡𝑜𝑡𝑎𝑙 =
272.86 × 𝑄𝑑

1.015 × 𝐻0.963

0.81
 

Reservoirs 

Total unit (€/m3. 
year)  

0 < 𝑉 < 205  𝐶𝑡𝑜𝑡𝑎𝑙 (𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒) = 18 380.6 × 𝑉−0.975  

 205 ≤ 𝑉 < 95 000  𝐶𝑡𝑜𝑡𝑎𝑙 (𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒) = 5 236.7 × 𝑉−0.739  

OU 

0 < 𝑉 < 25 000 𝐶𝑡𝑜𝑡𝑎𝑙 (𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙) = 149.97 × 𝑉−0.621 

Total (€/year) 

15 < 𝑄𝑑 × 𝐻 ≤ 700 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 22.048 × 𝑄𝑑
0.710 × 𝐻0.456 

700 000 < 𝑄𝑑 × 𝐻 ≤  
3 000 000 

𝐶𝑡𝑜𝑡𝑎𝑙 = 9.048 × 𝑄𝑑
0.723 × 𝐻0.664 

WTP Type I Total unit (€/m3) 1 < 𝑄𝑑  ≤  50 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 1.4373 × (𝑄𝑑)−0.546 

WTP Type II Total unit (€/m3) 
𝑄𝑑  ≤  500 𝐶𝑡𝑜𝑡𝑎𝑙 = 0.8604 × 𝑄𝑑

−0.365 

500 < 𝑄𝑑  ≤  105 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 0.469 × 𝑄𝑑
−0.197 

WTP Type III - - * 

L – Length (km); Qd – Daily treated or high flow (m3/day); H – Head (m); V – Storage volume (m3). 

* Due to the small size of the sample it was not possible to develop a statistically significant cost function. 

 
 

Table 4: Summary of O&M cost functions for sanitation systems 

Components Costs  Area of application Cost functions 

Sewer systems Total (€/year) 150 < 𝐿 ≤ 1 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 1 800 × 𝐿 

Pump system Total (€/year) 
1 < 𝑄𝑑 × 𝐻 ≤ 100 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 559.836 × 𝑄𝑑

0.456 × 𝐻0.081 

100 000 < 𝑄𝑑 × 𝐻 ≤ 1 000 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 281.379 × 𝑄𝑑
0.528 × 𝐻0.219 

Compact WWTP Total (€/m3) 5 < 𝑄𝑑 ≤ 250 𝐶𝑡𝑜𝑡𝑎𝑙 = 2.161 × 𝑄𝑑
−0.517 

Activated sludge 
process by 
conventional 
aeration 

Total (€/year) 

8 000 < 𝑄𝑎 ≤ 1 000 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 98.428 × 𝑄𝑎
0.3744 

1 000 000 < 𝑄𝑎 ≤ 8 000 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 0.586 × 𝑄𝑎
0.905 

Activated sludge 
process by extended 
aeration 

Total (€/year) 5 000 < 𝑄𝑎 ≤ 10 000 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 13.703 × 𝑄𝑎
0.713 

Pond process Total (€/m3) 125 < 𝑄𝑑 ≤ 5 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 7.7549 × 𝑄𝑑
−0.926 

Wetlands Total (€/year) 3 000 < 𝑄𝑎 ≤ 30 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 2039.4 × 𝑄𝑎
−0.024 

Trickling filters Total (€/year) 50 000 < 𝑄𝑎 ≤ 20 000 000 𝐶𝑡𝑜𝑡𝑎𝑙 = 20.322 × 𝑄𝑎
0.600 

L – Length (km); Qd – Daily treated or high flow (m3/day); Qa – Annual treated flow (m3/annual); H – Head (m). 
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3. AUTOMATED SIMULATION TOOL 

3.1. General facts  

The automated tool was developed in VBA environment. This is intended to faithfully reflect the costs related to the 

construction and O&M phases through the quantification of the unitary annual costs of the different infrastructures.In 

addition, this tool besides facilitate the introduction of data it also allows a higher flexibility in terms of future updates 

of the cost functions, which will contribute to a potential positive impact on the efficiency and timing of the assessment 

of applications for funding, and critical analysis of the expected costs estimation presented by managing bodies. The 

Fill sheets (shown in figure 3) are divided into 2 parts: water supply (blue) and sanitation (green) system. For the phase 

of exploitation, eight components of the urban water cycle are analyzed, as summarized in tables 5. 

 

Figure 3: Fill sheets for exploitation phase 

 

Table 5: Elements for obtaining O&M costs  

 

In the case of water pipes and sewer systems the network length must be inserted. For the remaining infrastructures, 

the process is similar, and data relating to the characteristic parameters must be entered. In order to provide a faster 

and more practical result, for unit and total O&M costs, it is possible to simultaneously insert different values of 

characteristic parameters for the same type of infrastructure, as can be seen in Figure 3. 

 

 

Water supply system Sanitation system 

Distribution system Sewers 

Groundwater abstractions Pump systems 

Pump systems 
WWTP: compact, activated sludge processes (conventional and 

extended aeration), pond process, wetlands and trickling filters 

Reservoirs  

WTP (type I, II and III)  



8 
 

3.2. Funcionalities  

The tool consists of an Excel file with Macro functionalities incorporated, with the following characteristics: 

 A dynamic index and auxiliary buttons are displayed on the Result sheets for easy navigation of the entire 

file; 

 The O&M costs estimate is done by clicking the button "Calculate"; 

 Warning messages for values outside the area of application; 

 Deleting both the filled content and the results is done by clicking on the button "Clear"; 

 To clarify any doubts consult the button with "Help". 

 

3.3. Remarks 

The development of the tool stems from the need to credibly simulate the costs of exploitation of water and wastewater 

services by recording and processing data in Microsoft Office Excel software. As objectives of the development of this 

tool, stand out: 

 Creation of a database of mathematical models that allows the evaluation of scenarios and alternatives, 

taking into account the criteria imposed for each component; 

 Versatility of the cost functions can be changed and improved over time 

 Support for the construction of decision indicators; 

The developed tool allows to understand the present situation of the water supply and sanitation systems according to 

their components and the current trends of distribution of cost items for each type of infrastructure in the general 

statement of cost for managing bodies. 

 

4. METHODOLOGY APPRECIATION AND CONCLUSIONS 

The initial established objectives were achieved, in a way that was possible to retrieve actual information about the 

desired theme "Exploitation Costs" and to create a tool to support the water services provision management, based on 

an actual and technical basis. Likewise, it's considered that the proposed methodology applied to obtain a reference 

framework of the O&M costs constitutes a useful basis for the study and analysis of its procedure. However, it is 

understood that one of the challenges to the establishment of a reference framework and with which it was faced in 

the present thesis was the difficulty of its suitability to specific situations, for a given managing body. In addition, given 

the unpredictability of costs, depending on the country's macroeconomic situation and the consequent changes in 

market conditions, a periodic update on the validity of the functions established as a reference is required.  

For the considered facts, as a future work’s proposal, it is recommended to develop an online and shared platform, 

automatically updated and composed by a common database with the purpose to support the costs’ control, with a 

particular focus in the managing bodies. This platform is an additional to the developed tool.  

Due to context factors, variable from managing body to managing body and from local to local, it should be considered 

that the models only provide mean values of representative costs of the Portuguese national reality, for each type of 

component, and that it makes sense to apply to the set of components of the managing body and not to individual 

components.  

Finally, it is considered that, the willingness and openness in knowledge sharing by the managing bodies and the 

remaining parties involved is fundamental, in order to yield useful results valuable for the water sector in the “road” to 

sustainability.  
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