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Introduction

 In urban area, residential, commercial, and public

buildings are major consumers of water, generating a

large quantity of wastewater.

 The incorporation of sustainability practices in building is

a growing trend in the market.

 Treated effluent has been considered to be a suitable

alternative source for water.

 Greywater is one of the main option for reducing potable

water consumption in households, commercial buildings,

and industries as it accounting for 50-80% of freshwater

consumption (Gross et al., 2007).



Greywater and Its Recycling and Reuse

 Greywater is any domestic wastewater produced from

the daily household activity that originates from the

shower, bath, sinks, and washing machine.

 Basically, it is any water used in the house that does not

come from the toilet.

 The main difference between greywater and sewage

(blackwater) is the organic loading.

 Some people categorize kitchen wastewater as

blackwater because it has high organic loading relative to

other sources.



(Vakil et al., 2014)

 The composition of greywater is affected by many household factors

including products used in the household, building infrastructure, and

residences’ behaviours, activities, income, and age.



(Vakil et al., 2014)



 Understandably, greywater is likely to be the major

contributor to the total wastewater quantity generated

from an average household (Donner et al., 2010).

 Although there remains significant difference in water

quality between grey and blackwater, conventional

collection and conveyance systems for domestic

wastewater do not differentiate between these two types

of wastewater.
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Greywater Treatment

 Recently, due to the global shortage of freshwater

supplies and the awareness of sustainability practices, a

general necessity is being felt for the treatment of

greywater for its reuse and recycling.

 Various technologies are being studied:

▪ Physical treatment

▪ Biological treatment

▪ Chemical treatment



● Coarse filtration

● Membrane

filtration

● Rotating

biological

contactors

● Biological aerated

filters

● Aerated

bio-reactor

● Membrane

bioreactor

● Photocatalysis

● Electrocoagulation

● Chemical

coagulation

● Ion exchange

Physical Treatment Biological Treatment Chemical Treatment



 These alternatives can be implemented at different

scales, either centralized or decentralized.

 The decentralized scale/ on-site source-separated

treatment of greywater is more interesting in the case of

block systems, like hospital, shopping centers, airports,

schools, and individual system (single family homes in

rural or urban areas.



Coarse Filtration

Country = Norway

Source of Greywater = Student dormitory

Duration = 458 days



Removal efficiency

BOD 64%

COD 61%

TSS 75%

N 85%

P 88%

Table On-Site biofilter system for greywater treatment

 The effluent quality from this system complies with the

Norwegian discharge limits.

 For reuse application, further polishing is recommended

to minimize the related health risks.

(Moges et al., 2017)



 There is an added positive environment impact if the

sand filter media is replace by waste.

 Several organic waste have been reported as the filter

media such as sugarcane bagasse, sawdust, rice hulls,

and pine bark (Brandao et al., 2000; Lo Monoco et al., 2011;

Dalahmeh et al., 2014).

 Zipf et al. (2016) studied the efficiency of two simplified

treatments for greywater reuse – slow sand filtration

followed by granular activated carbon filter, and slow

slate waste followed by granular activated carbon filter.

*Slate – one of the rocks most commonly used in construction



Country = Brazil

Source of Greywater = 18 basins from women’s and men’s

toilet in a classroom block of a

university

Preliminary treatment = screen with opening of 1 mm

Filtration rate = 2-6 m3/m2/day (ABNT, 1992; Di

Bernardo et al., 1999)

Duration = 28 weeks





 The system of sand filter followed by the activated carbon

showed the most significant result.

 The comparison between the two stage systems (sand

filter and slate waste followed by activated carbon)

showed no significant difference, suggesting slate waste

can be used as a substitute for sand.

 The use of slate waste potentially gaining the attention of

industry where the use of slate waste as filter media can

prevent the dredging pf rivers to obtain sand, contributing

to the reduction of additional negative environment

impacts.



Country = Brazil

Source of greywater = Tancredo Neves International

airport

Working volume = 500 L

Filling materials = Fiberglass

Flow rate = 2.82 m3/day

UV radiation intensity = 114 Mw/cm

 Aguiar do Couto et al., (2014) examined the applicability of

integrated anaerobic filter and UV disinfection for

greywater treatment in airport.



 The effluent of the treatment system met the international reuse

recommendations for non-potable activities.

 The system is mostly indicated for small and mid-size airport, or for

decentralized treatment in large airport.

(Aguiar do Couto et al., 2014)



Membrane Filtration

 Used in drinking water for many years, membranes

increasingly being used in wastewater treatment as well.

 It is now often compete with conventional processes,

while achieving much better quality standards.

 Generally, membrane is a micro-porous separating layer

which provides a barrier to the particles present in the

feed source but allows smaller components to pass

through.







Country = Malaysia

Source of Greywater = Bathroom

Working volume = 250 mL

Stirrer rotating speed = 300 rpm

Operating pressure = 1-4 bar



(Oh et al., 2016)



Electrocoagulation

 Electrocoagulation is an electro-chemical process that

utilizes electrical energy to precipitate contaminants from

water.

 The process sacrifices metal ions from the plates and

combine with contaminants in waste stream, producing

insoluble oxides and hydroxides flocs that easily

separated from clear water.



 Metal ions are driven into the water. On the surface of cathode,

water is hydrolyzed into hydrogen gas and hydroxyl groups.

 Meanwhile, electrons are flow freely to destabilize surface charges

on suspended solids and emulsified oils.

 As the reaction continues, large flocs form that entrain suspended

solids, heavy metals, emulsified oils, and other contaminants.



 Finally, the flocs are removed from the water in

downstream solids separation and filtration process.

 Electrocoagulation process offers simpler and more

efficient treatment due to its compactness and economic

competitiveness over conventional coagulation,

particularly with regards to hydraulic retention time , less

production of sludge, and simplicity in operation and

maintenance.

 Vakil et al. (2014) treated the Indian middle-class family

household greywater with electrocoagulation process

that potentially scaled up into user-friendly household

devices.



Country = India

Source of Greywater = Middle-class family in India

Working volume = 10 L

Stirrer rotating speed = 30 rpm

Voltage = 3-12 V

Duration = 6 months



Inlet Outlet

COD (mg/L) 380 160

Turbidity (NTU) 104 15.6

Total Coliform (CFU/100 mL) 9100 < 10

Table 3 Performance of electrocoagulation process for greywater 

treatment (Voltage = 10 V, Time = 1 hour)



 Applying higher electric field tended to increase the

efficiency of turbidity removal. Increase in the voltage

results in more corrosion of aluminium ions evolving from

the decomposition of anode.

 Also, the removal increases over the time. Longer time

allowed for generation of more destabilized suspension

which coagulates and flocculates resulting in an increase

in the effective particle size in the greywater.

 In about an hour of electrocoagulation process, almost

97-99.9% of the decal coliforms are removed from the

greywater.

The system was run at voltage less than 12 V which

typically can be generated by an inexpensive battery

charged by solar photovoltaic cells.



Phtocatalytic

 Photocatalysis is a reaction which uses light to activate

the catalyst to accelerate the rate of chemical reaction.

 Upon the illumination of UV light or sunlight,

photocatalyst creates strong oxidation agent and

electronic holes to breakdown the organic matter into

carbon dioxide and water.



Country = Greece

Source of greywater = Simulated greywater

Working capacity = 15 L

UV lamp = UV-A (9W/78, 350-400 nm)

Radiation intensity = 1.232 × 10-4 E/min

Duration = 6 months



*Photoatalyst and oxidizing agent to promote process efficiency
 Strong adsorption is evident at the first 15 min which results in a

decrease in the initial dissolved organic carbon (DOC) content by 40-

50%. This is owned by numerous organic constituents adsorbed

strongly on TiO2 particles’ surface through electrostatic interaction

(Yang et al., 2009).

 Desorption phase triggered by UV light irradiation results in the

detachment of adsorbed pollutants.

(Tsoumachidou et al., 2016)



 In processes with H2O2, almost 60% greywater organic load was

mineralized within 210 min of illumination.

 Increasing the photocatalyst loading brought forth an increase in

mineralization rate. However, above a certain value, the reaction rate

leveled off and became independent on the concentration of the

photocatalyst.

(Tsoumachidou et al., 2016)



Wetland

 Constructed wetland is considered as a sustainable, cost

effective, and viable treatment option for greywater

treatment in small communities.

 It utilized natural processes involving wetland vegetation,

soil, and the associated microbial assemblages to assist

in treating wastewater (Vymazzal, 2010).

 The purification mechanisms involved are microbiological

degradation, plant up-take, filtration, sedimentation, and

adsorption.



Country = India

Source of greywater = Student hostels in Rajarambapu

Institute of Technology

Flow rate = 4500 L/day

Filling materials = Gravel (6-10 mm)

Depth of filling materials= 0.60 cm

Plant species = Canna indica

Duration = 345 days



Up-flow down-flow filter

Vertical flow charcoal filter

20 h detention time

Horizontal flow constructed wetlands



(HRT = 4 days)

 Integrated on-site greywater treatment system based on eco-friendly

technology is a robust, cost effective, easily operable/maintainable

and least mechanized option.

 It is a potential option for the use in eco-village development program

in warm climate country.

(Patil et al., 2016)



 Green Roof-top Water Recycling System (GROW)

constructed wetland is the revolution of wetland where

ground space is limited (Ramprasad et al., 2017).

Country = India

Source of greywater = Student hostels in IIT Madras

campus

Filling materials = sand, brick bat and gravel (1:1:1)

Depth of filling materials = 15 cm

Total volume = 1.84 m3

Duration = 17 months







 Organic pollutants are removed mostly by microbial degradation and

adsorption; suspended solids and fecal coliform are removed by

physical filtration and sedimentation. Sodium do-decyl sulphate (SDS)

is the most commonly used surfactant. It is removed from the system

by adsorption, hydrolysis, and microbial degradation. Propylene

glyycol (PG) and tri-methyl amine (TMA) are commonly used in

personal care products like soap and shampoos. They are taken up

by plants/phyto-degraded and biodegraded.

 At elevated temperature, the activities of aerobic and anaerobic

microbes are enhanced, resulting in higher organic pollutant

degradation in summer.



 GROW constructed wetland that prolonged the water

flow path enhanced the filtration process which favoured

the removal of suspended solids.

Removal efficiency

BOD 90.8%

COD 92.5%

TSS 91.6%

Nitrate-nitrogen (NO3-N) 83.6%

Total phosphate (TP) 87.9%

Total nitrogen (TN) 91.7%

Fecal coliform 91.4%

Sodium do-decyl sulphate (SDS) 85.7%

Propylene glycol (PG) 93.4%

Trimethyl amine (TMA) 88.9%

Table GROW constructed wetland for greywater treatment

(HRT = 1.3 days)



Country = Morocco

Source of greywater = Primary school

Flow rate = 1.2 m3/day

Filling materials = Gravel of different size

Depth of filling materials= 0.60 cm

Plant species = Typha latifolia

UV dose = 50 mWs/cm2



 The use of treated greywater for irrigation of green spaces can reduce

the consumption of drinking water and does not disturb the growth of

plants.

(Laaffat et al., 2017)



Membrane Bioreactor (MBR)

 Membrane bioreactor is an advanced technology which

realize the efficient combination of membrane

separation technology with biological technology.

 Atanasova et al. (2017) investigate the feasibility of a pilot

membrane bioreactor for hotel greywater reuse.



Country = Spain

Source of greywater = Hotel

Working volume = 1 m3

Membrane pore size = 0.04 μm (ultrafiltration)

Membrane surface area = 0.93 m2 × 2 module

Flow rate = 1m3/day

HRT = 4 h

Duration = 6 months





 Membrane bioreactor offers a good opportunity for high quality

alternative water source.

 It can cope well with the high variability of the influent greywater

quality by providing a stable effluent quality.

 Spanish standard for water reuse can be easily achieved and

outperformed, except for slight microbial contamination which require

minor disinfection.

(Atanasova et al., 2017)



Moving Bed Biofilm Reactor (MBBR)

 Moving bed biofilm reactor is a biological process

based on biofilm attached growth in order to improve

the efficiency for organic matter degradation and

nutrient removal.

 Inside the reactor, there are free-floating carriers that

provide protected surface area to support the growth of

bacteria.

 Several hundred plants around the world have adopted

moving bed biofilm reactors (MBBRs) for multiple

wastewater treatment processes (Shahot et al., 2014).

 Chrispim et al. (2016) addressing moving bed biofilm

reactor as a technological solution for greywater

treatment.



Country = Brazil

Source of greywater = Synthetic greywater

Working volume = 83.3 L

Filling ratio = 14%

Biofilm surface area = 490 m2/m3

Air flow rate = 110 L/min

HRT = 4 h

Duration = 10 months



 The final treated greywater did not meet the greywater reuse standard

of Australia, Portugal, and USA for toilet flushing or other indoor uses.

 However, it met the requirement for irrigation of crops through surface

runoff or drip irrigation.

(Chrispim et al., 2016)



Greywater Reuse

 Greywater reuse is attractive to local systems though

the installation of treatment units in households,

commercial buildings, industries, and other

establishments, so that the treated effluent can be used

in the activities at the place where it produced.

 Muthukumaran et al. (2011) stated that greywater reuse

for toilet flushing and landscape irrigation can reduce

water consumption in at least 50%.

 In Australia, a sanitation policy encourages the

implantation of greywater treatment system for the use

in residential and commercial buildings. This program

aims to increase in 70% of the systems until 2015
(Pinto et al., 2010).



 In Barcelona, Spain, greywater reuse system have been

installed in new buildings. The main trigger of such trend

was the approval of local law that aims at water saving

and the use of alternative sources to meet the growing

demand. The installation of greywater treatment system

for reuse purposes has become a basic premise for

residential buildings (Domenech and Sauri, 2010).

 In India, greywater treatment systems were installed in

200 schools (Godfrey et al. 2009).

 Establishing norms and regulations regarding greywater

quality is extremely important to minimize the risks to

users.

 However, it needs to avoid setting too high

limits and the unnecessary requirement of very

sophisticated treatment technologies, which

make reuse a lot more difficult and unfeasible.



 Worldwide, there are only a few norms and regulations

specific for greywater reuse. Therefore, those defined for

effluent reuse are usually applied.



(Aguiar do Couto et al., 2014)



(Santos et al., 2012)



 Worldwide, there are only a few norms and regulations

specific for greywater reuse. Therefore, those defined for

effluent reuse are usually applied.

 The variation of standards can be explained by the

exposure to the contaminant that each activity offers to

the user.

 As for the distinction among the location/region/country, it

reflects the different demands of each

location/region/country, as well as their social and

cultural aspects (Li et al., 2009).




