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ABSTRACT 

Rapid urbanization, industrial development and agriculture have translated into an over-
exploitation of resources, in particularly water. It has become necessary to promote 

approaches based on the concept of circular economy, which encourage the adoption of 

measures based on reduction, reuse and recovery of resources, materials and energy. 

The reuse of treated wastewater fits this type of approach because it reduces catchment needs 

(making drinking water available essentially for human consumption) and enhances nutrient 

recovery. 

In the context of this communication about the problem of treated wastewater reutilization, a 

case study about watering Tagus Park with the effluent from the Beirolas Wastewater 

Treatment Plant (WWTP) is addressed, with focus on landscape irrigation.  
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1 INTRODUCTION 

Water is a natural resource, classified under the EU Water Framework Directive, as "heritage 

that must be protected, safeguarded and preserved". In a period where resource 

overexploitation often occurs due to population growth, rapid urbanization and consequent 

industrial and agricultural development, water sources are one of the most under pressure 

resources. 

Currently, in addition to increasing water needs, there is also a degradation in water quality 

accompanied by large water imbalance stages. Degradation in water quality is due to poor 

pollution control from anthropogenic sources and water imbalances are related to droughts 

and floods, that are currently intensified by climate change. Insufficient quality and availability 

of water introduces limitations on the use of water resources. 

It is therefore necessary a change from the standard model. To abandon management based 

on the continuous and intense exploitation of resources and replace it for a circular 

management. It is important to change the way you act on a planet with finite resources and 

a growing population. Thoughts such as "extracting, transforming, consuming and rejecting" 

should be replaced by "reduce, reuse, recover and recycle" in order to move from a linear 

economy (a risk and scarce economy) to a circular economy, where life cycles of resources are 

optimized (Baptista, 2018). 

In the water sector, the adoption of measures in accordance with a circular economy is reflected 

in the efficient use and management of water, and these should not be set as a principle or an 
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end: they are a means, in permanent evolution, that must gain leverage on the national and 

international agendas. It should be referred that the model shift has already begun: the 

European Union has addressed water issues under the new Horizon 2020 framework program, 

which promote the reuse of treated wastewater as a plan of action within the circular economy. 

The EU action plan involves integrating water planning and management in legislation, 

encouraging the reuse of water in industry and establishing minimum quality requirements 

when reusing for irrigation and aquifer recharge. To exploit the full potential of this issue, the 

union of the 28 European states also provided funds for investment and supported research 

and innovation on the subject of water reuse (European Commission, 2017) 

The reuse of water consists in the use of treated wastewater for any purpose that establishes 

a socioeconomic benefit (Monte and Albuquerque, 2010). This practice has emerged in recent 

years as a sustainable development strategy for water resources and environmental protection. 

Choosing alternative water sources aims to create awareness for the efficient use of water, so 

that drinking water is essentially available for human consumption. 

All the water that flows to a WWTP is subjected to a treatment before being discharged in the 

surrounding environment. The practice of reuse is an alternative environmental solution to its 

rejection by subjecting the effluent to an additional treatment, with specific technology and 

capable of assigning it the quality that is intended for the future application. 

Irrigation (agricultural and landscape), industrial use, aquifer recharge, recreational use and 

even non-potable urban uses (for example, street, municipal waste containers and vehicles 

washing) are some of several applications treated wastewater can have. These uses represent 

a significant portion of water consumption and their quality requirements are substantially 

lower than in water for human consumption. 

Regardless the application, reused water must meet the regulatory criteria for physical, 

chemical and microbiological parameters in order to ensure safeguarding of public health and 

the environment. Quality is the most important aspect in the analysis of possible wastewater 

reuse applications. 

The efficient use of water, through the practice of reuse, besides being a strategy against water 

resources scarcity, is escorted by a set of environmental and socio-economic benefits. It allows 

to reduce consumption of water with higher quality, contributing to the conservation of water 

resources. This has special interest in places with associated water stress, these are places in 

which the per capita demand is greater than the water body supply capacity. In areas with 

reduced amounts of water, reuse increases water availability and can contribute to local 

economic development. Also treated wastewater has nutrients in it, which during irrigation 

allows a reduction in the use of fertilizers harmful to the environment. 

However the recurrent benefits of treated wastewater, this practice is still not widely accepted 

in Portugal for various reasons. It’s an upsetting topic, triggered by the lack of knowledge from 

users but also from the promoters of reuse projects themselves and organizations involved in 

their approval and licensing (Monte and Albuquerque, 2010). Some factors that affect the 

viability of this reuse are: difficulties in public acceptance, distance between the water source 

and potential users, costs of installing adduction systems and the need to create a 

differentiated water supply service between reused water and drinking water.  

Since irrigation is one of the sectors with higher demand for water and with the several benefits 

associated with the use of treated wastewater, this communication focuses on reuse for this 

purpose, more specifically for landscape irrigation. Wastewater used in landscape irrigation 

usually goes through a tertiary treatment level process, typically including a disinfection 

process. This article taking in account existing legislation, seeks to demonstrate that reuse of 

treated wastewater for other than potable purposes is technically feasible and environmentally 

beneficial.  
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2 DESCRIPTION OF CASE STUDY 

The present case study aims at analyzing the feasibility of implementing a treated wastewater 

reuse system that reuses part of the Beirolas WWTP effluent to irrigate Tagus Park gardens. 

Tagus Park is an urban riverside park located next to the Tagus River and the Vasco da Gama 
bridge. It was built in 1998 under Expo '98 and includes the areas of an old sanitary landfill 
and the Beirolas WWTP. This green park covers an area of approximately 23,28 ha (232,800 
m2) and consists of a system of artificial elevations and hills with several leisure and sports 
infrastructures on site. The lawns represent the largest irrigated area, there are also some 
shrubs and trees. Currently Tagus Park gardens are irrigated with groundwater from aquifers, 

extracted by pumping waterholes and without existing replacement. Despite there are 3 
waterholes under the management of the Lisbon Municipal Council in the area surrounding the 
park, only the two holes located next to the WWTP are used to water the park's gardens. 

 

 

 

 

 

 

 

 

 

Figure 1. Satellite image of Tagus Park gardens and Beirolas WWTP with depiction of the waterholes 

(HS1, PS1, ZS). 

The groundwater after being collected is stored in a reservoir and with the help of a pump 

station is distributed through the irrigation network of the Tagus Park gardens, being also used 
for other non-potable urban uses (supply of street cleaning vehicles). For irrigation of the 
park's gardens an automatic irrigation system is used with the methods of irrigation by 
sprinkling and drip. 

The Beirolas WWTP is located in the northern part of Parque das Nações and was inaugurated 
in 1989. It is managed by Águas do Tejo Atlântico, a branch of Águas de Portugal group, 
serving the eastern part of Lisbon city (between Lisbon and Loures municipalities), with 

approximately 215,000 equivalent inhabitants. To support the increase of tributary loads and 
flows, the treatment line was expanded and improved in 1999. With an implantation area of 
approximately 77,000 m2, the WWTP was designed for a nominal flow of 54,500 m3/day. In 
2016, the average daily treated flow was 44,520 m3/day with 21,800 kg BOD5/day of organic 
load (AdTA, 2017). 

Wastewater affluent to the WWTP is subjected to a sorting and degreasing operation. After the 
preliminary treatment, the effluent is decanted, with the primary effluents being conducted to 

the equalization tank. Subsequently follows the biological treatment composed of three stages 
(anaerobic zone, anoxic zone and aerobic zone) to remove the carbonaceous and nitrogenous 
matter and the secondary decanting. The effluents are then conducted for filtration (three 
open, continuous and automatic sand and anthracite filters). For internal reuse (non-potable 
purposes such as washing equipment, streets or watering of the green spaces themselves), a 
small part of the effluent is led to a UV disinfection system (50 m3/h), and sodium hypochlorite 

is later added to the water, providing a residual disinfectant to reduce the probability of 
subsequent contamination. 

ZS HS 1 
PS 1 
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3 PRE-DIMENSIONING THE TREATED WASTEWATER REUSE SYSTEM 

The effluent treated at the Beirolas WWTP after filtration presents values for the chemical 

parameters (BOD5, COD, TSS, Phosphorus, Nitrates) that considering current legislation, are 
compatible with reuse in landscape irrigation. This is not the case for microbiological 
parameters, regarding helminth eggs, the analysis of the filtered effluent is not carried out and 
it is not possible to present conclusions. However, faecal coliform bacteria exceed the limit for 
landscape irrigation (200 CFU/100ml) in orders of magnitude up to one hundred times greater 
(between 5.91x103 and 8.66x104 CFU/100ml). Table 1 shows the average monthly results in 
the year 2017 for the laboratory parameters analyzed in the WWTP, as well as information on 

the limits imposed by the legislation for landscape irrigation. 

In order to use treated wastewater for landscape irrigation, it is necessary to implement a 
disinfection system in the WWTP that reduces the amount of fecal coliform bacteria present in 
the effluent. A UV radiation disinfection system, similar to the one used to treat the effluent 
for internal uses, was selected to be installed downstream of the filtration operation. This type 

of refining treatment, identical to the already existing one in the WWTP will ensure compliance 

with the legal requirements (the analysis of the microbiological parameters on the disinfected 
effluent used in the internal uses of the WWTP shows that both fecal coliform bacteria and 
helminth eggs are within the limits for landscape irrigation, respectively 6 ± 20 CFU/100ml 
and not present). In addition, the UV radiation disinfection process is already well known at 
the Beirolas WWTP, not imposing new requirements at the operational level and being relatively 
compact, which is an advantage with respect to the reduced available area on site. Sodium 
hypochlorite to reduce contamination probability should be added to the disinfected effluent 

upstream of the storage tank to ensure that residual chlorine remains in the water. 
 

Table 1. Chemical and microbiological analysis results of the treated effluent for comparison with the 
quality requirements for landscape irrigation. 

 

The UV design flow rate was defined to ensure a suitable value within the maximum flow rate 
collected from the waterholes. Based on available records in the years 2016 and 2017 a 
maximum of 53,870 m3 of groundwater was extracted during a month period. As a safety 

measure as a response to possible climatic variations, it was considered an increase of 10% in 
relation to the highest recorded flow, resulting in a design flow rate of 60,000 m3 per month. 
At the same time, since the lawns are the largest irrigated area of the Park, the water needs 
of the gardens were estimated using guideline values for lawn watering (Rosa, 2010). Figure 
2 shows the estimated water requirements for the Tagus Park and the flows collected from the 
holes in the years 2016 and 2017. The three series depicted in Figure 2 present an identical 
tendency as expected. 

Type of water 
Faecal 

coliforms 

Helminths 

eggs 

(Nº/l) 

Total 

suspended 

solids 

(mg/l) 

BOD5 

(mg/l O2) 

NO3
- 

(mg/l N) 
P (mg/l P) pH 

Treated 

wastewater 

without 

disinfection 

4425,05 

MPN/100 ml 
- 

6,1 6,6 2,6 3,4 - 
Treated 

wastewater 

with 

disinfection 

6,5 MPN/100 

ml 
0 

Landscape 

irrigation 

limits 

200 CFU/100 

ml 
1* 60* - 50* to LV 2-3 6,5-8,4* 

Values marked with (*) - Decree-Law nº. 236/98, Annex XVI 

Note: LV - Value to be defined by the licensing authority. 
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Figure 2. Water needs of the Tagus Parks gardens and groundwater extraction values in the years 2016 

and 2017. 

Regarding the costs associated with the installation of the proposed disinfection system 
(including civil construction, pumping equipment, UV disinfection canal and chlorination), the 

operating and maintenance costs (including energy and labor costs) and assuming that 
wastewater treatment in the WWTP is already paid by the end user, the cost associated with 
the treatment required for the new irrigation process was estimated at 0.0256 € per m3. 

4 CONCLUSIONS 

The reuse of treated wastewater for a variety of purposes, such as landscape irrigation, is 

possible and is increasingly becoming a solid and viable approach with environmental 
advantages. It may be an answer to situations of water constraints and contribute to the 
mitigation of the climate change phenomena adverse effects. 

In recent years, normative documents which stipulate quality requirements according to the 
intended type of reuse have been developed for the case of treated wastewater. Although 

national legislation already exists, applications in Portugal are still in scarce numbers due to 
factors, among others, such as the small number of pilot projects (which produce scientific 
knowledge and prove their value), the difficulty of acceptance by the public, the high 
investments associated and the lack of credibility, both in the treatment systems used, and in 
the organizations responsible for the treatment. 

This paper, through a hypothetical case study (developed in the scope of a master thesis in 
collaboration with the managing authority of the WWTP), intends to disseminate the main 

aspects to consider in the reuse of treated wastewater in the national context. The necessary 
flow rates and their quality characteristics were defined, the pre-dimensioning of the 

complementary treatment infrastructures to be installed in the WWTP and the associated costs 
per m3 of reused water estimated. This has demonstrated the feasibility of this type of 
approach and its relatively low cost compared to the resulting environmental benefits. 
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