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Abstract: Water is the basic source of life for plants, animals, and humans. However, the impact of climate change drastically reduces its 

sources. Rational consumption of clean water leads to the need for finding alternative water sources for irrigation of gardens. As an 

alternative source, greywater can play an important role. Greywater is waste water from households, which does not contain faecal 

compounds. The aim of this paper to present design concepts of systems for collecting, purifying and application of greywater and well water 

for irrigation of gardens. The concept is developed using previous own research results, as well as available literature, on the benefits and 

risks of using greywater, and the effects of purifying greywater and well water through various treatment systems. The paper presents two 

systems: (1) a system which allows the storage and irrigation using raw greywater and (2) a system where greywater supply is not 

continuous. The second system is suitable not only for households but also for other facilities, e.g. touristic, recreational and weekend 

resorts. This system proposes alternate irrigation with grey and well water for resolving two problems: inappropriate greywater quality and 

inappropriate water quantity. In general, the system reduces the risk of soil degradation and is water saving by automatically adjusting 

irrigation with regard to the soil moisture content. 
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1. Introduction 

Water is the basic vital substance necessary for the survival of 

life on the Earth. However, the increasing impact of climate 

changes, the increased consumption of clean water and its pollution 

are causing a drastic decrease of this resource (UN Water, 2017). 

Regarding to this, it is necessary to find adequate solutions for the 

conservation of clean water supplies. 

One of possible solutions is to find an alternative source for 

irrigating gardens. One of the potential alternative sources of 

irrigation water is grey water. Grey water is domestic wastewater 

originating from dishwasher, sinks, showers, bathtubs and washing 

machines (EPA, 2018). Grey water could have different 

characteristics (Dabić et al., 2019). Grey water potentials are its 

availability in large quantities and its nutrient content (WHO, 

2006a; Siggins et al., 2016). Because grey water does not include 

toilet wastewater, it does not contain elevated levels of pathogens as 

municipal wastewater (WHO, 2006). Nevertheless, the presence of 

effluent from a kitchen in grey water can cause an elevated bacterial 

content (Maimon et al., 2014). Proper management of grey water, 

including collection, treatment and reuse or disposal, prevents direct 

contact with grey water and limits transmission, as well as the 

further spread of pathogens. Purified grey water is used for various 

purposes around the world, but it’s most common application is for 

irrigation purposes (Imhof B. & Mühlemann J., 2005). In addition 

to grey water, well water can also be a significant irrigation source 

for various types of green spaces. The quality of or both, grey water 

and well water, is of great importance in irrigation. Since grey water 

consists of effluents from the kitchen, it may contain residues of 

food that could create the condition for the development of bacteria, 

and thus the increased biochemical oxygen demand (BOD5). In 

addition, unpleasant odors can develop by keeping grey water for a 

long period (if it is not consumed for a short period of time). 

Grey water is most commonly used in arid regions and/or areas 

affected by insufficient amount of clean water. Back in 2006, there 

was a trend of increasing use of grey water in the US, where most 

households used grey water from a washing machine for garden 

irrigation (Roesner et al., 2006). There are numerous projects in 

developing countries, as well as derived solutions for the collection, 

treatment and reuse of grey water for various uses, as well as 

different degrees of grey water purification (Abdo, 2001; Bark & 

Drabo, 2001; Dallas et al., 2004; May-Le Ng, 2004; Imhof & 

Mühlemann , 2005; Al-Hamaiedeh & Bino, 2010; OMICK, 2014).  

One of the undesirable substances in well water is iron. Long-

term application of well water containing an elevated iron 

concentration may lead to coloring of the surface treated with this 

water. Usually these surfaces become copper-orange over time. In 

addition, elevated iron concentrations adversely affect the quality 

and service life of the irrigation system. The long-term application 

of water of such quality leads to the deposition of iron in the pipes 

of the overfill system, which causes difficult flow of water, 

blockage of the system, as well as additional maintenance costs. In 

regard to both mentioned irrigation alternatives, in order not to 

cause negative effects on the environment and irrigation systems, 

adequate collection and purification of both grey and well water is 

necessary. 

Although the problematic in not new, authors felt that it should 

be refreshed and upgraded, since during previous two years of 

research and investigation of this topic conducted by Dabić and 

associates (Dabić et al., 2017; Dabić et al., 2018; Dabić et al. 2019), 

safe application and proper installations are shown to be important 

aspects concerning grey water utilisation. Therefore, the aim of this 

paper is to present the design concepts of systems for collecting, 

purifying and applying grey and well water for irrigating gardens. 

2. Method 

The concept was developed using previous research findings, as 

well as the available literature, on the benefits and risks of using 

grey water, as well as the effects of purifying grey water and well 

water through different treatment systems. Two systems are 

presented in the paper: (1) a system that allows storage and 

irrigation using raw grey water and (2) a combined system in cases 

where the supply of grey water is not continuous. 

Two systems are presented in the paper: (1) a system that allows 

storage and irrigation using raw grey water and (2) a combined 

system in cases where the supply of grey water is not continuous. 

Both systems are designed for private single-family residential 

buildings and are smaller in size than systems for multi-family 

residential buildings, tourist complexes, etc. The dimensions of the 

storage and irrigation system, that is, the reservoir in which the 

mechanical treatment and storage of raw grey water is carried out 

are 2 x 1 x 1 m (2 m3), while the dimensions of the reservoir for the 

treatment - storage of grey/well water are 1 x 1 x 1.6 m (1.6 m3). 

The raw grey water storage and irrigation system is a simple filter, 

according to the study on grey water purification technology 

through coarse filtration (Hall et al., 1974), while the combined 

system is somewhat more complex. This system consists of two 

tanks for the purification and storage of grey/well water separately. 

In addition, the purification filter itself is more complex and 

consists of a combination of many different materials used for these 

purposes (Zuma et al, 2009; Al-Hamaiedeh & Bino, 2010; Parjane 

& Sane, 2011). The combination of materials includes: small gravel 
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(5 cm - 0.05 m3), large gravel (5 cm - 0.05 m3), sand (30 cm - 0.3 

m3), geotextile (0.5 cm) and wire construction (3 cm). 

3. Results and discussion 

Raw grey water storage and irrigation system 

The raw grey water storage and irrigation system is a simple 

system. Household waste water, including waste water from sinks, 

showers and tubs through the PVC pipes goes to the sewer or grey 

water collection tank. The direction of wastewater flow is 

determined by the automatic controller (Figure 1). 

 

Fig. 1 Design of raw grey water storage and irrigation systems. 

1-cover; 2-sieve; 3-pump; 4-raw greywater; 5-concrete; R-regulator. 

 

The principle of operation of the regulator is by means of a 

sensor that allows the flow of wastewater into the tank to a 

maximum level of collection. When the maximum level of grey 

water is reached in the reservoir, or during the year when irrigation 

is not required, the regulator will automatically direct the 

wastewater towards the sewer. When the PVC pipe enters the tank, 

the waste water passes through a mechanical filter in the form of a 

wire sieve to collect the large particles of waste (e.g. food waste). 

By manually removing the tank cover, it is possible to obtain a 

mechanical filter, which needs to be cleaned occasionally and 

returned to its original position. Inside the tank there is a pump that 

pumps raw grey water in two directions: (1) to an underground 

irrigation system, in the form of a vessel buried into the soil near the 

plant root system (see Figure 2), and (2) to a valve for a hose 

intended for manual irrigation. The pumping of raw grey water 

from the reservoir takes place in two cases: (1) for system number 

1, the sensor at the bottom of the vessel which regulates the water 

flow depending on the soil moisture (Figure 2), while (2) manually 

opening the manual irrigation valve where there is an automatic 

pumping of water from the tank. This system design is suitable for 

lawn irrigation, as well as for ornamental plants that are not used in 

as food.  

 

Fig. 2 Underground irrigation system for grey water application  

 

Combined system 

Combined system is a system for purification, collection and 

irrigation of grey and well water. Household waste water, including 

waste water from sinks, showers, bathtubs, sinks, and dishwashers 

through PVC pipes goes to the sewer, or grey water treatment tank, 

while the well water reaches the well water treatment tank by pump 

(Figure 3). 

 

Fig. 3 Design of the combined system for the treatment, storage and 

irrigation of grey and well water. 1-Cover; 2-Part of wells without water; 3-
Well water; 4-Pump; 5-Sieve; 6-Greywater; 6a-Well water; 7-Large gravel; 

8-Small gravel; 9-Sand; 10-Geotextile; 11-Steel construction; 12-Purified 

greywater; 12a-Purified well water; 13-Concrete; R-Regulator. 

Disinfection with generally applicable disinfectant would avoid 

biological degradation of grease, small food particles, detergents, 

etc. Similarly as with the previous system, the automatic controller 

determines the direction of the waste/well water, depending on the 

amount of purified grey/well water, or the period of the year. This 

system consists of two tanks for the purification and collection of 

grey and well water separately. Both tanks contain the same 

purification filter, but before the grey water tank, the grey water 

passes through a mechanical wire filter to collect large waste before 

filtering. Also, by manually moving the tank lid, it is possible to get 

a wire filter which needs to be cleaned if necessary. The water 

purification filter consists of coarse gravel, fine gravel, sand, 
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geotextile, steel structure that carries the aforementioned materials, 

and parts of a reservoir for storage of purified grey or well water. 

The purified grey and well water is pumped in three directions with 

the help of a pump: (1) into the underground irrigation system (as in 

the previous system), (2) to the manual watering valve and (3) to a 

fountain, or other type of water element. This design of the system 

is suitable not only for households but also for other facilities, for 

example, touristic recreational and weekend resorts where the 

inflow of grey water is not continuous. This system proposes 

alternative irrigation with grey and well water to solve two 

problems: inadequate quality and inadequate supply of grey water. 

In general, the system reduces the risk of soil degradation by 

providing good water quality. Additionally, it saves water by 

automatic irrigation adequate to plants requirements, by 

determining soil moisture content using sensors. 

Common irrigation problems concerning grey water 

application 

When it comes to the design of irrigation systems, it is first 

necessary to start by collecting and storing grey water. The common 

opinion of the authors who have elaborated the issues of grey water 

storage is that it is difficult, and that there is a danger of an increase 

in the number of pathogens. Another problem is the depletion of 

oxygen during the degradation process, which leads to sulfide 

production and unpleased odor of grey water. However, most 

authors agree that disinfecting grey water can solve these problems. 

Also, it was observed that the degradation of organic matter occurs 

already in the first days of storage (the first 7 days), as well as that 

the ratio of COD:BOD of water decreased, indicating faster 

biodegradation of waste. In addition, an increase in the 

concentration of coliforms was observed during the first 5 days, 

while after 15 days of storage of grey water, the concentration of 

coliforms decreased. However, although the number of indicator 

species is increasing, this does not mean an increase in pathogenic 

microorganisms as well as risk (Imhof B. & Mühlemann J., 2005). 

Therefore, the period of storage plays an important role in the 

quality of grey water, i.e. with a prolonged storage period the 

quality of grey water decreases. Eriksson et al. (2002) confirm this 

fact. The cited authors found that storing grey water for up to 24 

hours improves its quality, while storing it for more than 48 hours 

can be a serious problem due to the consumption of dissolved 

oxygen. However, as long as the storage of grey water is included in 

the irrigation system, it is essential that storage tanks are available 

for washing/cleaning (Christova Boal et al., 1996). 

In addition to storage, its important role in the use of grey water 

is its purification. There are numerous problems related to the use of 

untreated grey water. Exposure to microorganisms in water leads to 

the risk of disease spread. Due to the fact that it is resistant to water 

purification processes, Legionella poses a special threat because it 

can spread through aerosols as well as inhale during irrigation or 

flushing of toilets (Dixon et al., 1999). Surface spraying of 

untreated grey water is not recommended because it increases the 

possibility of coming into direct contact with grey water, which can 

cause disease to humans and animals. For this reason, it is proposed 

to use protective equipment when coming into direct contact with 

grey water, as well as to apply an underground irrigation system 

(Siggins et al., 2016). However, suspended solids can cause 

clogging of the distribution system, and grey water to be used for 

irrigation must be of satisfactory physical quality (Eriksson et al., 

2002). Depending on the economic aspect and the quality of grey 

water required, the degree of treatment before use or storage 

depends on it. Three levels of treatment are usually defined (Morel, 

2002): (1) Primary treatment - the first treatment step that is used to 

remove most floating or precipitating materials. About 30% of 

BOD5 can be removed with this treatment; (2) Secondary treatment 

- at this stage the bacteria consume organic waste and it is possible 

to remove about 90% of BOD5 and suspended matter. Disinfection 

represents the final stage of secondary treatment; and (3) tertiary 

treatment - represents the last stage in which nutrients such as 

phosphorus, nitrogen, BOD5 and suspended matter are removed. 

The level of treatment depends on what purposes the grey water 

will be used for. Grey water intended for surface irrigation must be 

well filtered and disinfected, while grey water intended for 

underground irrigation will require only coarse filtration as the risk 

of human contact is reduced (Finch et al., 2003). 

4. Conclusion 

According to the above examples of systems for purification 

and use of grey water, the needs for such systems exists, as well as 

certain advantages of the system for storage and irrigation of raw 

grey water, as well as the combined system. The main advantage of 

these systems is that they are underground and that no odors are 

spread. In addition, these systems occupy a much smaller area, 

since all the necessary filters are contained in one tank, compared to 

the above examples of systems consisting of multiple tanks. 

Another significant improvement of the combined system is the 

combination of grey and well water. In addition to well water being 

an additional alternative water source, it can also dilute grey water 

by improving its quality. Also, these two systems allow for safe 

irrigation, meaning, directing excess water into the sewage system 

reduces the risk of soil wetting and degradation. 
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