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ABSTRACT 

The present imbalance between demand and availability is becoming increasingly 

worrying. In order to guarantee the sustainable access to water, in quality and in adequate 

quantity, improving the tecnologies that enable the reutilization of treated wastewater 

effluents as an alternative source of water supply. In this sense, it is recommended the 

technology of wastewater treatment by membrane bioreactors, which ensures the high 

quality of the final effluent. 

Aware of the problem of water in the face of the situation of scarcity lived in the county 

under study, this one expressed interest in promoting an alternative water source to the 

current one. Thus, the present study addresses, as a case study, the reuse of effluents from 

the main WWTP of the county, for industrial purposes.  

For reasons of confidentiality it was decided not to disclose the name of the municipality. 

In the scope of this article, were considered three scenarios, were the infrastructures have 

submitted to pre-dimensioning, preliminary estimation of capital and operation and 

maintenance costs (O&M), and an economic feasibility analysis. Though the high costs, 

Scenario 1 (which corresponds to the utilization of the "A" WWTP for partial satisfaction 

of the industry's water needs) is promising from a political, environmental and social point 

of view. 
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1. INTRODUCTION 

Water is an essential asset for the maintenance of livelihoods, and the present imbalance 

between demand and availability is becoming increasingly worrying. This difference is 

evidenced as a result of the effects of climate change, demographic growth and unsustainable 

use of this resource, causing the scarcity and deterioration of its quality. To mitigate emerging 

adversity, it is critical to seek solutions that reduce the risks associated with critical events. 

In order to ensure sustainable access to water, in quality and quantity adequate to the 

maintenance of livelihoods, human well-being and socio-economic development, i tis 

necessary to improve the tecnologies that enable the reuse of treated wastewater effluents as 

an alternative source of water supply or for other compatible purposes, namely, waste water 

treatment technology by membrane biological reactors. 
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The treatment of wastewater by membrane bioreactors is the conjugation of membrane 

filtration with a biological reactor that guarantees the high quality of the permeate produced, 

with low concentrations of TSS, organic compounds and nutrients. Existing legislation 

requires the removal of a large percentage of TSS, COD, BOD, as well as nutrients (nitrogen 

and phosphorus) in the event that the wastewater from the WWTP is discharged into a 

receptacle classified as sensitive. When it is desired to reuse the treated effluent, it is also 

important to remove pathogenic microorganisms. 

 

2. METHODOLOGY 

2.1 TREATMENT OF WASTEWATER BY M.B.R. 

The operation of an MBR system is similar to a conventional activated sludge system, with 

some differences, namely, the dispensing of a secondary decanter and tertiary filtration, 

ensuring a more compact solution. Thus, as in any aerobic biological process, continuous 

oxygen transfer is necessary to sustain the existence of living biomass and to degrade 

biodegradable pollutants and other nitrogen-based compounds [1]. The pretreatment of the 

affluent is a crucial process in the success of the MBR operation, and is applied in a way to 

reduce membrane fouling and degradation, thereby prolonging its useful life [2]. The affluent 

needs adequate and efficient sieving. In order for the pretreatment to be efficient, the finer 

screening with a grid less than 0.5 mm. 

Wastewater treatment by membrane bioreactors has a range of benefits over conventional 

treatment. Of the main advantages it is evident that the MBR system eventually dispenses 

the tertiary treatment and does not require a secondary settler, which is indispensable in the 

treatment processes of all conventional systems. It is important to note that the MBR system 

has high MLSS concentrations (which allows the reduction of the bioreactor size) and a high 

retention time (leading to excessive sludge minimization and development of slow-growing 

microorganisms responsible for degradation of specific organic pollutants such as nitrogen). 

The lack of placement of some organs and the accomplishment of the aforementioned 

treatment process, makes the cost of construction and the area of implantation of the WWTP 

with MBR system lower than the conventional ones. The volume of the biological reactor 

reaches 4 times lower volumes than a conventional treatment of activated sludge, thus 

allowing a greater ease of observation and performance on the biological treatment. 

Due to the water deficit for human consumption and the regulations in force requiring a high 

quality of the effluents, it is necessary to perform a residual water characteristics analysis, 

the MBR treatment system being one of the processes that is most identified, presenting as a 

main advantage, the high quality of the effluent and the high possibility of reuse of 

wastewater treated with the safeguard of public health. This treatment system has the capacity 

to remove small or dissolves constituents in the effluent, resulting in an effluent free of 

pathogenic microorganisms safe for human contact, difficult to remove by other types of 

operations and treatment processes. In this way, it can be concluded that the MBR system 

can replace conventional treatment, as well as most tertiary treatment lines. Because it is a 

relatively new system, it has a high degree of automation. At the environmental level, it can 

be considered sustainable because it is a biological treatment system. 
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The demographic increase and the lack of space presented are other challenging adversities 

in the WWTP sector, which makes the MBR system very favorable because it has the 

possibility of easy adaptation and expansion of the existing treatment plants without needing 

more space of implantation while managing to treat all the affluent produced by the 

population growth. MBR is a system installed in compact units, ideal for situations of reduced 

availability of space, such as the remodeling of existing or overloaded stations. 

As for the solid treatment, the MBR system presents less sludge production, about half 

compared to the conventional system [3]. 

The membranes can be grouped into modules and have various types of configurations: flat 

sheet membrane module and tubular membrane module. In order to improve the relation 

between the area per unit volume, the membranes are coupled in modules, reaching different 

configurations. 

The operation of the MBR system differs with the type of membrane reactors. If the 

membrane module is placed inside the biological reactor, it is called a submerged membrane 

bioreactor (SMBR), in contrast, if the module is installed externally to the reactor, it is called 

an external membrane bioreactor (EMBR). 

The total cost of the MBR system is lower than conventional activated sludge treatment when 

it is intended to improve nutrient removal or reuse of treated wastewater, since high O & M 

costs associated with the MBR system are offset by reduced initial investment in comparison 

with the conventional system [4]. 

In a usual situation, although the cost of membrane modules continues to decline with the 

evolution of technology, the initial investment of an MBR facility remains higher than a 

conventional treatment system. Given the high energy requirement, the MBR system is 

associated with high maintenance and operating costs when compared to conventional 

systems [5]. 

In global terms, the total cost of a system for membrane bioreactors differs due to several 

parameters, such as the situation of each zone or country, the type of membranes to be used 

and their useful life. 

 

2.2 REUSE OF TREATED EFFLUENTS 

The use of recycled water for uses other than those for human consumption is seen as a 

promising strategy to address the risk of quantity unavailability and adequate quality. The 

use of this resource brings important benefits in the economic, environmental and social 

aspects, reserving the use of treated water (higher cost) for uses exclusively for human 

consumption.. 

The use of recycled water may have different applications. The most significant aspects to 

be evaluated in its implementation are, according to [6], the following: 

• the quality of recycled water, which depends on the level of treatment; 

• type of technology associated with treatment in the water plant; 
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• balance between demand and supply of water for recycling, in other words, between the 

volume of water required for a particular use and the volume of recycled water available. 

• the infrastructures required to implement a reused water system, such as storage tanks 

and transportation and distribution systems. 

• the economic and financial sustainability of the reuse project. 

• mitigation of environmental impacts and public health risks associated with different 

uses and different qualities of recycled water. 

The quality of recycled water is the most important factor in the analysis of possible reuse 

applications. The applications may be various, however, these are preferably used in practices 

which require higher water requirements and which are compatible with the quality of the 

treated effluents. 

Irrigation is the sector with the highest demand for water, but the level of reuse in industry, 

recreational and environmental uses, among others, is increasing as water scarcity becomes 

more acute. 

In the national territory, the interest in the reuse of treated wastewater has been increasing in 

recent times, due to the recent droughts observed, the awareness of water value, as well as 

political and institutional reasons, in the scope of sustainable solutions development . 

Additionally, within a framework of increasing legal requirements regarding the quality of 

wastewater treated, it is increasingly justifiable, technically and economically the option to 

reuse the treated effluents. 

In a context of water scarcity and a water resilience and sustainability perspective in the 

exploitation of natural resources, in promoting an alternative water source to the current one, 

based on the reuse of effluents from the main WWTP of the county, for industrial purposes, 

namely for supplying the water to the production of local wood products, which consumes 

approximately 1 500 m3 of raw water per day. Thus, the study and analysis of the technical 

and economic viability of safe reuse solutions, with the safeguarding of public health, of the 

effluents treated in the "A" treatment plant (rehabilitation process) and the "B" treatment 

plant (currently in phase of construction). 

Three alternatives, or scenarios, were considered regarding the reuse of treated effluents with 

a view to supplying the main industry of agglomerates of the municipality in particular, but 

also to the potential agricultural consumers and the use of recycled water by the municipality 

itself, urban hygiene. 

The proposed reuse system integrates a treated effluent storage tank into the WWTP after the 

refining treatment and a lifting system that will raise the flow to the intermediate reservoir. 

Subsequently, it will follow gravitas to industry. 

With regard to the layout in plan, the pipelines were implanted along existing routes, 

whenever possible in the berm of the same ones. The layout has been selected so as to 

minimize the need for installation of accessories (such as bends and bollards) and safety and 

control devices (eg, bottom discharge or shut-off valves) as well as energy costs. 

In Scenario 1 the partial supply solution of the Industry was considered, considering as main 

source the treated effluent in the "A" WWTP, which will have secondary treatment by MBR. 
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In this scenario, it was assumed that the existing raw water supply would be maintained to 

ensure the remaining volume required for the industrial process. It is conservatively 

considered that 95% of the wastewater flow to the WWTP can be reused in the industry (in 

order to also allow the reuse of water in the WWTP itself and to meet some urban sanitation 

consumption). Scenario 2 was based on the principle of maximizing the reuse of treated 

effluents, without it being necessary for the main industry of the county to continue to 

consume raw water from the current system. Thus, the supply of the Industry is ensured, 

exclusively, by effluents treated in the "B" WWTP. In Scenario 3 it was proposed the joint 

deployment of the two autonomous adduction systems presented in the previous scenarios. 

The WWTP "A" supplying 90% of the tributary flow to it (a loss of 5% was considered), the 

remaining effluent being supplied on the basis of treated effluent from WWTP "B". 

At WWTP "A", disinfection of the effluent is expected to be complemented by a refining 

treatment step, consisting of a chlorination tank, storage (potentially in one of the current 

oxidation ditches, after preservation of the reservoir, by cleaning, coverage) and subsequent 

elevation of treated effluents. It is recommended the installation of a membrane tank where 

the separation of the biomass permeate through the submerged membranes will be developed. 

We chose microfiltration membranes, model RW 400 from "Kubota". According to the 

supplier, this module has the advantage of presenting a lower air consumption for the cleaning 

of the membranes 

Regarding the "B" treatment plant, it is currently under construction and will have a 

conventional treatment process, by activated sludge under low load, in an anoxic reactor-

aerobic reactor sequence, with nitrification and denitrification processes ( biological removal 

of nitrogen), as well as the chemical precipitation of phosphorus. It will also have a final 

filtration operation followed by disinfection by ultraviolet radiation, in order to reuse part of 

the effluent for compatible uses, inside the installation. In this context, the expansion of 

tertiary treatment can be considered in order to be able to supply the industries. However, 

this solution presents some limitations, notably as a result of the limited space available in 

the area concerned. 

An alternative considered to be more feasible is the installation of an independent solution, 

based on external MBR, to be installed in a dedicated building for filtration and disinfection 

of the effluent. The hollow fiber membranes in an aquasource XS unit with 4 ultrafiltration 

modules from "Suez" were chosen. According to the supplier, this unit has the advantage of 

being a very compact solution and simple installation. 

3. RESULTS 

The economic viability of the proposed interventions for the supply to the companies of the 

treated effluents depends on the balance between costs and benefits. The costs of the 

proposed interventions correspond to the investments necessary for their execution, namely, 

construction, equipment and their replacement after the age of 20, and final effluent tuning 

systems. Exploration costs include energy costs (pumping) and washing and disinfection 

operations by chlorination of effluents leaving the WWTP. The costs of investment in fixed 

capital were determined based on the "Technical Guide" prepared by the Entidade 

Reguladora dos Serviços de Águas e Resíduos - ERSAR, based on the values of works 

awarded by the AdP Serviços group. SA - Engineering Management from 2004 to 2015 [7] 
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and is presented in Table 1. The annual operating and maintenance costs were determined 

based on the "Final Report" prepared by ERSAR, entitled " Determinação de custos de 

exploração de referência para infraestruturas do ciclo urbano da água" which took into 

account the different types of infrastructure and their characteristics, based on a history of 

real O&M costs observed in similar national systems. They can be consulted in Table 2. The 

benefits generated by the implementation of the adduction systems correspond to the sale of 

water for supply to the company under study and are presented in Table 3. 

Table 1 – Initial investiments in the execution os equated circuits 

Parameter Unit Scenario 1 Scenario 2 Scenario 3 

MBR sustem € 300 500 640 000 620 500 

Final disinfection (chlorination) € 30 000 30 000 60 000 

Treated efluente reservoir € 136 500 149 500 286 000 

Pumping station  
    

  Construction  € 54 400 80 200 113 500 

  Equipment € 124 700 225 900 279 100 

Pipe pumping € 73 600 173 100 186 200 

Regularization tank € 331 800 440 200 587 800 

Pipeline € 100 500 243 100 268 500 

Capital costs € 1 152 000 1 982 000 2 401 600 

Table 2 – Annual costs of operation and maintenance of reuse systems  

Scenario 1 Scenario 2 Scenario 3 

Year 0 Year 20 Year 0 Year 20 Year 0 Year 20 

66 600 € 69 000 € 113 000 € 118 400 € 161 200 € 166 900 € 

Table 3 – Annual benefits associated with the implementation of adduction systems 

Scenario 1 Scenario 2 Scenario 3 

Year 0 Year 20 Year 0 Year 0 Year 20 Year 0 

127 800 € 153 800 € 210 200 € 256 500 € 210 200 € 256 500 € 

In the selection of the scenarios to be analyzed, a range of realistic situations were analyzed, 

with sensitivity analyzes, both for the investment costs associated with the wastewater reuse 

systems of the "A" and "B" WWTP, and for the annual benefits to the service of supply to 

the Industry. Scenarios C1.a, C2.a and C3.a, correspond to the base scenario of 

implementation of the circuits, while the C1.b, C2.b and C3.b correspond to the pessimistic 

situation, where initial investment costs are considered plus 5 % and annual benefits with a 

decrease of 10%. 

For each adduction scenario and for the different allowed rates of updating (2, 3 and 4%), the 

economic viability of the interventions was analyzed through three indicators: Net Current 
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Value (NPV), Internal Rate of Return (IRR) and Investment Recovery Period (PRI). Table 4 

shows the results obtained for each scenario. 

Table 4 - Results of economic feasibility analysis 

Scenario Capital cost Refresh rate NPV IRR PRI 
  

2% -43 233 € 
  

C1.a 1 152 000 € 3% -160 304 € 1.7% 17 years 
  

4% -261 005 € 
  

  
2% -100 494 € 

  

C1.b 1 209 600 € 3% -217 400 € 1.2% 18 years 
  

4% -317 940 € 
  

  
2% -200 238 € 

  

C2.a 1 982 000 € 3% -389 130 € 1.1% 18 years 
  

4% -551 514 € 
  

  
2% -672 252 € 

  

C2.b 2 081 100 € 3% -822 823 € -1.2% >20 years 
  

4% -952 011 € 
  

  
2% -1 439 677 € 

  

C3.a 2 401 600 € 3% -1 550 131 € -4.6% >20 years 
  

4% -1 644 283 € 
  

  
2% -1 559 070 € 

  

C3.b 2 521 700 € 3% -1 669 181 € -4.9% >20 years 
  

4% -1 762 997 € 
  

From the analysis of the results obtained, it should be noted that NPV is negative in all 

scenarios, which means that none of the reused water adduction alternatives presents 

economic viability for the admitted updating rates unless considered in-depth financing lost. 

The execution of Scenario 1 is more advantageous than the others, with a maximum return 

on investment of 18 years. Scenario 2 presents an internal positive rate of return and a return 

on investment of 18 years, if you consider the base scenario. In the pessimistic scenario, the 

economic indicators are very unfavorable, which makes this scenario unfeasible. The joint 

execution of the two circuits does not show any economic attractiveness. 

Since the feasibility study of the alternatives questioned was not feasible, it was decided to 

analyze the same scenarios, but this time, using non-refundable financing. This decision was 

based on the losses resulting from the water shortage in a county which is mostly made up of 

extensive agricultural fields and grazing areas and still characterized by considerable 

industrial activity. The industry under study is the leading employer in the region, and 

presents significant expression as to the employees it employs. The lack of the necessary 
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resources to carry out the industrial process, water, can reduce production or even lead to the 

closure of industry, increasing the unemployment rate and consequently the demographic 

decline in the region. Although real estate financing is difficult to obtain, it was decided to 

study six alternatives with different percentages, so that the re-use system presents a financial 

and social return to the region. 

Table 5 presents the results for the initial investment by the city council, IRR and PRI, if the 

initial investment had backing support of 20, 30, 40, 50, 60 and 70%. 

Table 5 – Results of economic feasibility analysis with lost fund financing 

Lost 

fund 

financing 

Scenario 1 Scenario 2 Scenario 3 

Capital cost IRR PRI Capital cost IRR PRI Capital cost IRR PRI 

% € % years € % years € % years 

20 
921 600 € 3.7% 15 1 585 600 € 3.0% 15 1 921 280 € -3.1% > 20 

967 700 € 3.2% 15 1 664 900 € 0.6% 17 2 017 400 € -3.4% > 20 

30 
806 400 € 4.9% 13 1 387 400 € 4.2% 14 1 681 120 € -2.1% > 20 

846 800 € 4.4% 14 1 456 800 € 1.7% 17 1 765 200 € -2.5% > 20 

40 
691 200 € 6.4% 12 1 189 200 € 5.7% 12 1 440 960 € -1.1% > 20 

725 800 € 5.9% 12 1 248 700 € 3.0% 16 1 513 100 € -1.4% > 20 

50 
576 000 € 8.3% 10 991 000 € 7.6% 11 1 200 800 € 0.3% 19 

604 800 € 7.8% 10 1 040 600 € 4.7% 13 1 260 900 € -0.1% > 20 

60 
460 800 € 10.8% 8 792 800 € 10.0% 9 960 640 € 1.9% 17 

483 900 € 10.3% 9 832 500 € 6.8% 11 1 008 700 € 1.6% 18 

70 
345 600 € 14.4% 7 594 600 € 13.3% 7 720 480 € 4.2% 14 

362 900 € 13.7% 7 624 400 € 9.7% 9 756 600 € 3.8% 15 

As a strategy for water conservation in the municipality under study where the water resource 

is scarce, but also for environmental reasons, in order to preserve the water quality of the 

receiving means, reducing the discharge of effluents from treatment plants, it is advisable to 

carry out the the effluent reuse circuit treated in the "A" WWTP for partial water supply to 

the industry. 

From the analysis of the previous table, it can be concluded that even for Scenario 1, it would 

be necessary to secure a 50% non-repayable financing for this to be interesting. This should 

not be impossible given the fact that this is a sustainability project that brings countless 

benefits at the political, social and environmental levels, and it is therefore believed that 

obtaining non-repayable funding through national and / or european programs. 

 

4. CONCLUSION 

The present work has developed the theme of the use of domestic wastewater treatment using 

biological membrane reactors. The intensive biological treatment of wastewater combining 

biological treatment with activated sludge with the innovative membrane filtration system 

has become a preferred choice in the treatment and reuse of wastewater. 

The evolution of MBR technology, in particular with regard to membrane durability and the 

reduction of operating costs, makes it attractive and competitive for the treatment and reuse 

of waste water. The reuse of effluents is an interesting alternative to reliable and constant 
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water supply, which does not depend on seasonal drought or climatic variations, with 

potential use in agricultural and industrial activities, urban sanitation or green space 

irrigation. 

In a context of water scarcity and a perspective of water resilience and sustainability in the 

exploitation of natural resources, it was intended to promote the reuse of effluents from the 

main WWTP of the county under study for several purposes, particularly industrial purposes, 

namely in industrial production of wood products. Treated effluents can also be reused in 

agriculture and in compatible urban activities, such as irrigation of gardens and green spaces 

and laundering of streets. The solutions presented cover the adequacy of wastewater 

treatment of domestic wastewater treatment plants to the reuse of effluents, as well as the 

construction of a system for the distribution of recycled water (including pumping stations, 

water mains and reservoirs). Thus, the safe reuse, with the safeguarding of public health and 

the environment, of the effluents treated in WWTP "A" and WWTP "B" was ensured. The 

developed adduction system has been dimensioned according to all the associated provisions, 

requirements and technical requirements, as well as the calculation of the cost of the proposed 

solutions. 

The infrastructures that constitute each of the equated solutions were submitted to a pre-

dimensioning, to the preliminary estimation of investments and charges, and to an economic 

feasibility analysis. The studies carried out in the scope of the present study indicate that the 

reuse of treated effluent in the "A" and "B" WWTPs is competitive if recourse to non 

financing is used. Six alternatives with different percentages were studied so that the reuse 

system will bring financial and social return to the region. 

Despite the high costs from system type (initial investment and exploration), the use of 

recycled water for uses other than human consumption is seen as a promising strategy to 

address the risk of quantity unavailability and adequate quality . The use of this resource 

brings important benefits in the economic, environmental and social aspects, reserving the 

use of treated water (higher cost) exclusively for human consumption. 

Although there are several factors that make the MBR system very advantageous compared 

to the conventional system, there are barriers that limit the faster development of this 

technology. As a suggestion of future work, more research is recommended in optimizing the 

costs of investment in membrane systems, and in energy costs, in order to make technology 

a prospect of social and economic development, with a view to the preservation of water 

resources. 

The difficulty of public acceptance is another issue that affects the feasibility of projects for 

reuse of treated wastewater, suggesting, in this area, investment in environmental education. 

The cost of producing reusable water is not very competitive compared to the cost of drinking 

water. If new water supply tariffs were implemented, the balance would be more dissenting, 

which would lead to an incentive to reuse residual water. 

Finally, as future study proposals to the case under study, in order to maximize the reuse of 

treated effluents, it is recommended that potential consumers be evaluated at a short distance 

from the WWTP, so that the proposed adduction system is not dependent in only one 

consumer, thus reducing the initial investment risk. 
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