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Abstract 

The buildings sector has a major impact on water consumption. Among the most common methods for 

efficient water management are the reduction of water consumption and the use of alternative water 

sources, such as rainwater and wastewater. 

In order to reduce water utilization at Outão Camping Park, a set of measures were proposed. Some 

suitable solutions are suggested, such as the use of flow reducers and the replacement of equipment 

by others with a higher level of water efficiency. In addition, the implementation of a greywater reuse 

system in this camping park was assessed. The greywater from the washbasin taps, from the showers 

and from the washing machines would be applied in flush toilets and washing machines. 

The economic feasibility was analyzed by estimating the associated costs and payback period of the 

investment, for both the placement of high-water efficiency devices and the installation of a greywater 

reuse system. 

The total cost for the efficient devices’ installation would be around 10606 € and the payback period of 

the investment would be about 1 year and 7 months. Regarding the reuse of treated greywater, the 

estimated value for the investment was approximately 45988 € and it is estimated that the invested 

capital is recovered within 3 years and 8 months. 

Keywords: water efficiency, efficient devices, greywater, reuse, economic viability, payback period. 

1. Introduction 

Water consumption has been increasing over the years due to worldwide population growth and an 

increase in the quality of life. Most countries in Europe are expected to have water scarcity problems 

because of their unsustainable use, as the increasing utilization is related not only with water for human 
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consumption but also with water used in all sorts of everyday activities. As an indispensable element for 

humanity, water must be used rationally and consciously (Barroso, 2016). 

In this way, it is necessary to create water saving measures. The most common measures for efficient 

water management are the reduction of consumption, the reduction of losses and the use of alternative 

water sources, such as rainwater, wastewater and sea water (Neves & Afonso, 2010). The reuse of 

water consists on defining several purposes for water, after an appropriate treatment step, with the 

objective of preserving the existing water resources and guaranteeing water sustainability (Fiori, 

Fernandes, & Pizzo, 2006). 

In terms of the reduction of water consumption in the domestic sector, there are several measures that 

promote the adequate use of water. ANQIP – Associação Nacional para a Qualidade nas Instalações 

Prediais (National Association for the Quality of Buildings) – is the entity whose purpose is to guarantee 

the effectiveness of the hydraulic and sanitary installations. To attain its goal, this entity created a system 

of Certification and Labelling of Water Efficiency of several products, promoting its quality and efficiency. 

Concerning the reuse of waste water, there are two different categories for water: greywater and 

blackwater (Matos, Sampaio, & Bentes, 2012). Greywater is defined as waste water from bathtubs, 

showers, sinks, laundry machines and kitchen sinks and Blackwater is defined as waste water from the 

sanitary sewer. Usually, greywater contains lower levels of organic matter compared to blackwater, 

since it doesn’t include urine, faeces and toilet paper (Eriksson, Auffarth, Henze, & Ledin, 2002). In 

terms of domestic discharges, greywater represents a high volume and a low level of pollution compared 

to blackwater which is characterized by a low volume and a high level of pollution (Neal, 1996). 

2. Efficiency of Water Handling Devices in Buildings  

Water efficiency aims to optimize water consumption, reducing its waste. Generally, the use of efficient 

products or devices is a priority measure to increase water efficiency in buildings (Afonso & Rodrigues, 

2014). Easy-to-interpret labelling systems are used to enable users to identify efficient products without 

difficulty. In Portugal, ANQIP created a voluntary certification system, related to the labelling of water 

efficiency of products (Vieira & Monteiro, 2015).. This entity has carried out several studies, with the 

purpose of facilitating the installation of devices with low flow or volume. 

3. Greywater Reuse System 

A greywater reuse system (GRS) includes the treatment step of greywater and then the re-entry of this 

water into the building cycle. This system is composed by several infrastructures responsible for properly 

treating wastewater, and subsequently for transporting the treated water to its users for reutilization. 

In this way, this system can be constituted by one or more wastewater treatment plants and by the 

distribution of the treated effluent.  Depending on the purpose of the water reuse and the local's physical 

characteristics, the greywater reuse system may be composed of the following infrastructures: 
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➢ Water tank to regulate the effluent to be treated for reuse; 

➢ Treatment plant; 

➢ Storage tanks; 

➢ Water distribution network; 

➢ Pump station (if necessary); 

➢ Flow meters. 

 

4. Case Study 

Outão Camping Park (figure 1), located in Setúbal, has stood out by the visible need of intervention. In 

this way, a strong demand for sustainability emerged, leading to the growth of an ecological and 

sustainable camping park called Outão Camping Park. This park has an affluence of approximately 

11790 people a year. This estimate was obtained according to the "Tourism Statistics in 2017"  (INE, 

2018). 

 

Figure 1 – Outão Camping Park 

Source: Ecoparque do Outão (Pinheiro & Urbano, 2017) 

4.1. Consumer Zones and Water Saving Solutions 

Regarding the placement of more efficient devices, a survey about the distribution of the devices in the 

park was carried out, in order to determine the number of water consuming equipment (in bungalows, 

bathhouses and laundries). Table 1 shows the distribution of water consuming devices in the park (taps, 

showers, toilet flushing and laundry machines). 

Table 1 – Distribution of the devices in the park 

 Bungalows Laundry Bathhouse 1 Bathhouse 2 TOTAL 

Washbasin tap 5 - 16 16 37 

Kitchen sink tap 5 - - - 5 

Shower system 5 - 17 17 39 

Toilet flushing 5 - 16 16 37 

Laundry machine - 18 - - 18 
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4.2. Consumption Estimate for the Reference Scenario 

To establish a baseline consumption scenario, to be compared with the suggested solution, it was 

considered that domestic consumption in Portugal is around 125 l/(person.day). This value corresponds 

to a category C (Afonso & Rodrigues, 2017). Considering the devices’ technical characteristics 

corresponding to this category of water efficiency (C) and the users' consumption habits, the total 

consumption per person and per day was estimated. After that, the daily consumption in Outão Camping 

Park was estimated. Overall, Outão Camping Park is estimated to consume approximately 5300 liters 

of water are consumed per day, corresponding to 162 litters, per person per day (table 2). 

Table 2 – Consumption Estimate Concerning a Reference Scenario 

 Daily consumption 

 (l/day) 

Daily consumption per person 

(l/(person.day)) 

Washbasin tap 393.0 12.0 

Kitchen sink tap 825.3 25.2 

Shower system 2397.3 73.2 

Toilet flushing 786.0 24.0 

Laundry machine 900.0 27.0 

TOTAL 5301.6 161.9 

 

5. Reduction of Devices' Water Consumption  

To increase the devices' water efficiency class, some measures can be applied to reduce their water 

consumption. These measures include the use of flow reducers in taps and the replacement of inefficient 

equipment by others with a higher water efficiency. 

ANQIP, in its 2018 Certified Products Catalogue, presents a few devices available at the Portuguese 

market with high water efficiency. A research was made among the different products displayed in this 

catalogue, so that the most appropriate ones were selected. 

5.1. Consumption Estimate for the Proposed Solution 

The consumption of the proposed solution was estimated considering the selected equipment with high 

water efficiency. It was assumed that the users' consumption habits in the camp remained the same as 

behaviors considered in the reference scenario. 

By installing the proposed devices with high water efficiency, it’s possible to achieve an average daily 

consumption of around 3200 liters (table 3) at Outão Camping Park. This value contrasts with the roughly 

5300 liters per day estimated for the reference scenario. 
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Table 3 – Consumption Estimate for the Proposed Solution 

 Daily consumption 

 (l/day) 

Daily consumption per 

person 

(l/(person.day)) 

Washbasin tap 183.4 5.6 

Kitchen sink tap 432.3 13.2 

Shower system 1598.2 48.8 

Toilet flushing 524.0 16.0 

Laundry machine 480.0 14.7 

TOTAL 3217.9 98.3 

 

By comparing the values calculated for the reference scenario and for the proposed solution, it was 

possible to estimate the water savings in each device, in liters per person per day.  

The following water saving values were obtained: 

❖ approximately 50% on washbasin and sink taps; 

❖ approximately 30% on shower systems and toilet flushing; 

❖  approximately 45% on laundry machines. 

If the proposed solution was applied, the average daily consumption reduction per person would be 

around 64 liters, corresponding to a water saving of approximately 40% (table 4). 

Table 4 – Saving on water consumption 

 
Reference 

consumption 

(l/(person.day)) 

“Efficient” 

consumption 

(l/(person.day)) 

Reduction 

(l/(person.day)) 

Savings 

(%) 

Washbasin tap 12.0 5.6 6.4 53.3 

Kitchen sink tap 25.2 13.2 12.0 47.6 

Shower system 73.2 48.8 24.4 33.3 

Toilet flushing 24.0 16.0 8.0 33.3 

Laundry machine 27.5 14.7 12.8 46.7 

TOTAL 161.9 98.3 63.6 39.3 

 

6. Greywater Reuse 

The purpose of the greywater reuse system (GRS) is to store and treat the water effluent from the 

washbasin and kitchen sink taps, from the shower systems and from the laundry machines, in order to 

reuse this water (greywater) in the toilet flushing and in the laundry machines. Due to the investment 

costs and savings potential, the GRS makes more sense when the previous solution for the installation 

of efficient equipment is already implemented. Both the availability of greywater effluent and the 
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necessity of water for non-potable purposes were estimated taking into account the scenario with the 

efficient equipment installed, and the relationship between availability and necessity was analyzed 

afterwards. 

6.1. Greywater – Availability and Necessity 

In order to estimate the greywater effluent flow in the campsite (availability), the devices' average daily 

consumption was analyzed. Then, the volume of water that flows into the domestic wastewater network 

was calculated. According to Decreto regulamentar nº 23/95 – Artigo 123, the factor of affluence to the 

domestic wastewater network may vary between 0.70 and 0.90. An affluence factor of 0.90 was adopted, 

in a conservative way, so that the system is not undersized. Thus, it was estimated that approximately 

2035.4 l/day flow into the network, corresponding to 61.1 m3/month. After an analysis of the needs of 

treated greywater (necessity), it was estimated that the volume of water required for toilet flushing and 

for the laundry machines would be about 1000 litters, equivalent to 31.1 m3/month. This value is higher 

than the greywater available for this purpose, corresponding to 61.1 m3/month. So, the availability is 

greater than the necessity. 

6.2. Greywater Treatment Plant Preliminary Design 

 

The proposed reutilization cycle begins with the greywater collection tank to regulate the flow. After that, 

the first phase of greywater treatment begins, where the water, after passing through a filter, is directed 

to a biological treatment plant, passing through a first decanter, a biological reactor and a second 

decanter, removing the contaminated material in the water. The water is then exposed to a disinfection 

by UV radiation. Thus, the final effluent presents qualitative characteristics that do not endanger human 

health. The greywater reutilization cycle ends with a storage tank for the treated water. From this tank, 

the water is reused in the toilet flushing and in the laundry machines. 

The Schematic representation of the greywater treatment solution proposed is shown in figure 2. 
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Figure 2 – Schematic representation of the proposed greywater treatment cycle 
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7. Analysis of Proposed Solutions 

In order to analyze the proposed solutions, the costs associated with the placement of high-water 

efficiency devices were estimated, as well as the costs associated with the installation of the greywater 

treatment system, in order to determine the economic feasibility. Conservatively, costs were multiplied 

by 1.10 (10%). Table 5 shows the total cost of applying efficient devices.  

Table 5 – Total cost of applying efficient devices 

Efficient Devices 

Total Cost (€) 9641.90 

Total Cost Conservative Estimate (€) 10606.11 

 

The website "Gerador de preços para construção civil" has a price generator tool that allowed to 

estimate the costs associated with the installation of the on-site greywater treatment system. The total 

cost of the system is shown in table 6.  

Table 6 – Total cost of installation a greywater treatment system 

Greywater Reuse System 

Total Cost (€) 41807.18 

Total Cost Conservative Estimate (€) 45987.90 

 

8. Results and Discussion 

The techno-economic feasibility of the solution to reduce the consumption of drinking water and to close 

the water cycle was assessed. A cost-benefit analysis of the proposed solution is presented briefly in 

table 7. The table displays the estimated water consumption (per year and per month) and the 

associated investment costs, before and after the installation of efficient equipment and the application 

of the Greywater Reuse System (GRS). Also required for the feasibility study, the reduction of water 

consumption, monetary savings, the required investment and the payback period (PP) for both proposed 

solutions are available to compare in the table. 

According to the performed estimates, it is possible to reduce approximately 750 m3/year of drinking 

water, which accounts for a saving of around 6700 €/year. By installing a greywater reuse system, the 

potential for consumption reduction is around 1100 m3/year, achieving a saving of approximately 15000 

€/year. 
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Table 7 – Cost-benefit analysis of the proposed solution in Outão Camping Park 

 Efficient devices’ application GRS installation 

 Before After Before After 

Consumption (m3/year) 1908.58 1158.44 1158.44 797.00 

Consumption (m3/month) 159.05 96.54 96.54 66.42 

Cost (€/year) 17129.12 10396.82 10396.82 1839.60 

Cost (€/month) 1427.43 866.40 866.40 153.30 

Reduction (m3/year) 750.13 1111.57 

Reduction (m3/month) 62.51 92.63 

Saving (€/year) 6732.30 15289.51 

Saving (€/month) 561.02 1274.13 

Investment (€) 10606.11 56594.01 

PP (years) 1.58 3.70 

 

8.1. Feasibility Study 

In the following figures, the obtained results are graphically presented. Figure 3 shows the cumulative 

costs, based on the initial investment, related with the application of high-water efficiency devices. 

Despite the rising water prices in recent years, it was conservatively assumed that this value remained 

constant. The return period of the investment is indicated in this figure. 

 

Figure 3 – Costs evolution before and after the efficient device’s application – Payback Period Simple 

In figure 4, the cumulative costs are shown, based on the required investment for the installation of the 

greywater reuse system. It should be noted that, once again, in order to be conservative, the price of 

water remained constant. This figure also indicates the payback period of the investment. 
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Figure 4 – Costs evolution before and after the GRS installation – Payback Period Simple 

 

Looking at the results, the solution was considered viable because of the evident reduction of water 

consumption and due to the considerable economic saving. In addition, the total investment recovery 

will take place in a period that's clearly lower than the project's lifetime (20 years). 

9. Conclusions 

The purpose of this article was to analyze some measures to improve the water cycle management. 

Thus, the possibility of replacing inefficient equipment by others with higher-water efficiency and the use 

of flow reducers were analyzed, as well as the installation of a greywater treatment system. 

As a methodology, a research was carried out and then the information was used to analyze several 

existing proposals. Then, a study was made on the various solutions proposed. The costs of the solution 

were then determined, and the economic viability was analyzed. Finally, the results obtained were 

discussed to determine the possibility of closing the water cycle. 

If the proposed high-water efficiency devices were installed in Outão Camping Park, the average 

consumption reduction would be around 64 l/day per user, equivalent to a water saving around 40%. 

Considering the average number of users, there is a potential for water consumption reduction of 2084 

l/day, corresponding to 750 m3/year. The total cost for the efficient devices’ installation would be around 

10606 €. Being the annual savings approximately 6732 €, the payback period of the investment would 

be about 1 year and 7 months. It was concluded that this solution is feasible, due to the evident reduction 

in water consumption and to the decrease of its costs. In addition, the payback period of the initial 

investment is clearly shorter than the project's lifetime (20 years). 
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Regarding the reuse of treated greywater from taps, shower systems and laundry machines in toilet 

flushing and laundry machines, the potential reduction rounds 1112 m3/year (93 m3/month). Since the 

estimated values for the investment and for the savings are approximately 45988 € and € 15290 €/year 

respectively, it is estimated that the invested capital is recovered within 3 years and 8 months. Once 

again, this proposal was considered feasible since the water consumption and its costs decrease and, 

in addition, the payback period of the initial investment is shorter than the project's lifetime. 

This study was able to demonstrate that it is possible to close the greywater cycle in Outão Camping 

Park. This conclusion is corroborated by the positive results on the feasibility of the project and by the 

demonstrating that the greywater availability is greater than the treated greywater necessity.   
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