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Greywater Definition 

Greywater is wastewater generated by household processes such as 
washing dishes, laundry and bathing. Greywater is distinct from 
wastewater that has been contaminated with sewage, which is known 
as blackwater [1]. 

source: [3] 

 

 



Characteristics of Different Sources of Greywater Production 

kitchen: kitchen greywater contains food residues, high amounts of oil 
and fat, including dishwashing detergents. In addition, it occasionally 
contains drain cleaners and bleach. Kitchen greywater is high in 
nutrients and suspended solids. Dishwasher greywater may be very 
alkaline (due to builders), show high suspended solids and salt 
concentrations. 

bathroom: bathroom greywater is regarded as the least contaminated 
greywater source within a household. It contains soaps, shampoos, 
toothpaste, and other body care products. Bathroom greywater also 
contains shaving waste, skin, hair, body-fats, lint, and traces of urine 
and faeces. Greywater originating from shower and bath may thus be 
contaminated with pathogenic microorganisms. 

laundry: laundry greywater contains high concentrations of chemicals 
from soap powders (such as sodium, phosphorous, surfactants, 
nitrogen) as well as bleaches, suspended solids and possibly oils, 
paints, solvents, and non-biodegradable fibres from clothing. Laundry 
greywater can contain high amounts of pathogens when nappies are 
washed. source: [2] 



 

Greywater Gardens 

 

source: [2] 

source: [7] 
•! simple greywater management 

systems; 

•! direct utilisation of greywater; 

•! facilitate breakdown of organic 
compounds and recover nutrients; 

•! drain greywater (without any pre-
treatment) to swales or trenches, 
which are filled with mulch material; 

•! Sub-mulch or above the surface of 
mulch application; 

•! p e r i o d i c a l r e p l a c e m e n t o f 
decomposing mulch (wood chips, 
bark chips, rice husk, etc.); 



Advantages & Limitations of Greywater Gardens 

ADVANTAGES LIMITATIONS 

•! no external energy required (no 
pumping) due to gravity flow; 

•! not suitable for densly populated 
areas with high greywater 
production if space for establishing 
greywater gardens is limited; 

•! hair, soap residues etc. will be 
retained (at the point of greywater 
application) by the mulch material; 

•! use of locally available organics 
(e.g. rice husk, etc.) as mulch 
material; 

•! no use of inorganic material (e.g. 
gravel, perforated pipes, etc.) for 
distribution of greywater; 

•! greywater garden can be 
redesigned easily by simply 
plowing the soil (organic material 
will be mixed with the soil); 



(photo: M. Wafler) 

Examples of Greywater Gardens, India 

(photo: M. Wafler) 



Greywater Towers  

source: [2] 



 

Horizontal (HFCW) & Vertical Flow Constructed Wetlands (VFCW) 

 

source: [2] 

source: [2] 

•! preliminary treatment of greywater in 
e.g. settlement tank for solid-liquid 
separation (oil and fat, hair, lint, food 
residues, etc.); 

•! subsequent treatment of greywater in 
reed beds also known as horizontal 
flow constructed wetlands (HFCW) or 
vertical flow planted gravel filters 
(VFPGF) also known as vertical flow 
constructed wetlands (VFCW); 

•! application of pretreated greywater 
happens continously by gravity flow 
(HFCW) and intermittently by means of 
siphons or (solar-operated) pumps 
(VFCW); 

•! HFCW differ from VFCW as part of the 
filter is permanently soaked and 
operated aerobically, anoxically (no 
free oxygen present but nitrates) and 
anaerobically; 



Advantages & Limitations of HFCW and VFCW 

HORIZONTAL FLOW CONSTRUCTED WETLANDS 

ADVANTAGES LIMITATIONS 

•! feeding by gravity flow is possible; •! required surface area; 
 

•! treated water is fit for non-potable 
p u r p o s e s ( e . g .  s u r f a c e 
application); 

VERTICAL FLOW CONSTRUCTED WETLANDS 

ADVANTAGES LIMITATIONS 

•! r e d u c e d s u r f a c e a r e a i n 
comparision to HFCW 

•! intermittent feeding requires either 
a (solar-operated) pump or 
sufficient vertical distance for 
installation of siphon tank 

•! treated water is fit for non-potable 
p u r p o s e s ( e . g .  s u r f a c e 
application); 



Examples of HFCW, Nepal 

(photo: M. Wafler) 



Examples of VFCW, Nepal 

(photo: M. Wafler) 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

 
source: [2] 



Idealized Water Use Pattern for an Individual Home 

source: [11] in [12] 
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4.2% 

13.5% 

PF ! 3.4 



Example of Wastewater Generation Pattern for Ashram School 
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Peaking Factor 

The peaking factor can be determined by: 

 
•! data on actual hourly wastewater production (if available); 

•! an “informed guess” (using data on water consumption, 
usage pattern) or; 

•! the Harmon’s formula; 

PF = 1+ 14
4 + P  

PF = 18 + P
4 + P  

where “P” is population in thousands 



Sample Design Problem: HFCW for Single-Family Household GW 

Determine the required size of a HFCW for the treatment of greywater from a 
househould with 4 persons. Assume greywater production and specific BOD load to 
be 100 litres and 30 grams per person per day, respectively. The HFCW shall be 
designed to achieve an effluent concentration of 50 mg BOD per litre at 75% of the 
time.  

assumptions for sample design problem: 

•! number of people contributing to wastewater production: 4 

•! specific average daily wastewater production (QS): 100 litres per person per day 
(0.100 m3/p/d); 

•! peak flow factor (PF): 3.4  

•! specific organic load (SOL): 30 grams BOD per person per day; 

•! treatment efficiency of pre-treatment unit: 30% BOD reduction in liquid phase; 

•! desired effluent concentration: 50 mg BOD per litres (75% of the time); 

•! design saturated depth (D) of filter medium: 0.60 m; 

•! design cross sectional loading (OCSL): 250 g BOD per squaremeter per day (bed 
medium Ø ! 4 mm); 



Sample Design Problem: HFCW for Single-Family Household GW 

Mean hourly flow (QM) is calculated by dividing average daily flow (QD = 0.5 m3/d) by 
24 hours: 

Average daily flow (QD) is determined by multiplying specific wastewater production 
(QS = 0.100 m3/p/d) in the number of people living in the household (4 people): 

Hourly peak flow (QP) is determined by multiplying mean hourly flow (QM = 0.02 m3/
h) in the peak flow factor (PF = 3.4): 

 QD = 0.100 i 4 = 0.4 m3 / d

QM =
0.4
24

! 0.02 m3 / h

 QP = 0.02 i 3.4 ! 0.07 m3 / h



Idealized Water Use Pattern for an Individual Home 

source: [11] in [12] 
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Length and Width of Horizontal Flow Constructed Wetland 

Assume that primary treatment of greywater in a settlement tank achieves 30% BOD 
reduction in the liquid phase. Average daily organic load (OL) to the HFCW is 
determined by the specific organic load (SOL = 30 g  BOD/p/d) of the raw greywater 
multiplied in the number of people living in the household (4 people) and the 
treatment efficiency of the pre-treatment unit:  

Maximum organic surface load (OSL) to achieve a desired effluent concentration of 
50 mg BOD per litre at 75% of the time is ca. 130 kilograms BOD/ha/day (13 g/m2/d). 
For details please refer to the graph on the following slide. 

Required surface area (AS) of HFCW is the average daily organic load (OL = 0.09 kg 
BOD/d) divided by the maximum organic surface load (OSL = 130 kg BOD/ha/day ): 

 
OL = 30 i 4

1,000
i 1! 0.3( ) " 0.09 kg BOD5 / d

 
AS =

0.09 i 10,000
130

! 7 m2



Sample Design Problem: HFCW for Single-Family Household 

 source: [12] 
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Sample Design Problem: HFCW for Single-Family Household 

A common design for HFCWs is to provide for an aspect-ratio (length-to-width ratio) 
of at least 3:1. 
Length (L) and width (W) of the small-scale constructed wetland are set with: 
 
length (L): 5.00 metres; 
width (W): 1.50 metres, respectively, to achieve a surface area of 7.5 m2. 

Checking the chosen design with design organic cross sectional loading (OCSL): 
The minimum width (WMIN), with respect to organic cross sectional loading, is 
determined by dividing the average daily organic load (OL = 0.09 kg BOD/d) by the 
design cross sectional loading (OCSL = 250 g BOD/m2/d) and the design saturated 
depth (D = 0.60 m) of filter medium: 

 
WMIN =

0.09 i 1,000
250 i 0.60

= 0.60 m



Sample Design Problem: HFCW for Single-Family Household 

The flow through a HFCW is governed by the Darcy’s Law: 

 QD = kF i AC i SW  

where: 

•! QD........average daily flow [m3/d] 
•! kF.........hydraulic conductivity of fully developed HFCW [m/d] 
•! AC........cross sectional area of HFCW [m2] 
•! SW........slope of the hydraulic gradeline [m/m] 

Checking the chosen design with Darcy’s Law: 

By rearranging the formula of Darcy’s Law and substituting the product of bed width 
(W = 1.50 m) and saturated depth of bed medium (D = 0.60 m) for the cross 
sectional area (AC), the slope of the water surface (SW) is: 

 
SW =

0.4
260 i 1.50 i 0.60

! 0.0017 m / m



Sample Design Problem: HFCW for Single-Family Household 

The surface differential ("HW) is the slope of the hydraulic gradeline (SW = 0.0017 m/
m) in the length of the HFCW (L = 5.00 m): 

A surface differential of 0.01 metres (10 mm) is well in the range of desired values 
(maximum surface differential: 50 mm [12]). 

However, the HFCW inlet has also to accommodate the hourly peak flow (QP), not 
only the average daily flow (QD). Substituting hourly peak flow (QP = 0.07 m3/h) into 
the Darcy’s Law results in: 

This slope results in a water surface differential of ca. 0.04 metres across the 
wetland length of 5.00 metres, which is lower than the desired maximum surface 
differential of 50 mm. 

 !HW = 0.0017 i 5.00 ! 0.01m

 
SW =

0.07 i 24
260 i 1.50 i 0.60

! 0.007 m / m



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

source: M. Wafler 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

source: M. Wafler 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

source: M. Wafler 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

•! All civil works have to comply with local as well as national standards 
and regulations. 

•! The location of the HFCW is to be selected in such a manner that it s 
safe from flooding. 

•! HFCW should be designed in such a way that they are integrated into 
landscape as much as possible. 

•! Surface water must be diverted away from the HFCW. 
•! Washed river gravel is the preferred filter media, using fine to medium 

gravel sizes (Ø 5 to 10 mm) for the main filter body. The inlet and 
outlet zones should use stones or coarse gravel sizes (Ø 50 to 100 
mm) for a 0.5 m wide distribution and collection trench around and 
over the influent and effluent manifolds. The main filter body should 
be separated from the inlet and outlet zones by ca. 15 cm wide 
intermediate layers of medium gravel sizes (Ø 20 mm). 

Construction details and other important information 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

•! No artificial sealing layer If existing soil has a permeability coefficient 
< 10-8 m/s, otherwise sealing of the bottom and sides is necessary. 
This can be achieved by: 

•! using concrete or plastic tank; 

•! providing plastic liner (UV resistant, ! 1 mm thickness, root 
resistant, preferably from polyethylene or equivalent material; 

•! providing clay sealing with a verified thickness of ! 30 cm. It has 
to be compacted properly; 

•! improvement of existing soil by admixture of bentonite or very 
fine clay (two layers of 20 cm each, mixed and compacted 
separately). 

 After finishing the sealing a leakage test should be carried out by 
filling the bed with water. If the loss is less than 2 mm overnight, the 
sealing is to be considered as satisfactory. 

Construction details and other important information (contd.) 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

•! For largescale projects and/or for repetitive use of the same media on 
a larger number of small-scale projects, field or laboratory testing for 
hydraulic conductivity (k) and porosity (VVS) is recommended. 

•! A freeboard of at least 20 cm (distance from bed surface to the upper 
edge of the lateral sealing) is to be provided. 

•! PVC pipes (Ø 50 to 75 mm) with drilled holes are acceptable for inlet 
and outlet manifolds. Inlet structures must be so constructed that they 
distribute the incoming wastewater uniformly across the infiltration 
cross-section, without leading to clogging of the filter media. 

•! The outlet manifold should connect to either a swiveling standpipe or 
a flexible hose in a manhole to permit water level control in the 
HFCW. 

Construction details and other important information (contd.) 



Sizing of Small-Scale Horizontal Flow Constructed Wetlands 

•! Local plant species should be used on the bed. The preferred 
species include: cattail, sedge, rush, soft stem bulrush, and reeds. 
Decorative, flowering plants can be used around the edges of the 
bed. 

•! The VFCW should be protected from unauthorized access, but be 
accessible for maintenance. The access has to be constructed in a 
way, that crossing of the VFCW is avoided. 

Construction details and other important information (contd.) 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 

 
source: [2] 



Sample Design Problem: VFCW for Single-Family Household 

Determine the required size of a VFCW for the treatment of greywater from a 
househould with 4 persons. Assume greywater production and specific BOD load to 
be 100 litres and 30 grams per person per day, respectively. 

 

assumptions for sample design problem: 

•! number of people contributing to wastewater production: 4; 

•! specific average daily wastewater production (QS): 100 litres per person per day 
(0.100 m3/p/d); 

•! specific organic load (SOL): 30 grams BOD per person per day; 

•! treatment efficiency of pre-treatment unit: 30% BOD reduction in liquid phase; 

•! number of pulse-loads to the VFCW surface: 3 batches per day; 

•! design organic surface loading (OSL): 30 g BOD/m2/d; 

•! design hydraulic surface loading (HSL): 200 l/m2/d 



Sample Design Problem: VFCW for Single-Family Household 

The volume of a single pulse-load (QB) is determined by dividing the average daily 
wastewater production (0.5 m3/d) by the number of pulse-loads (3 batches per day): 

Average daily organic load (OL) to the HFCW is specific organic load (SOL = 30 g  
BOD/p/d) of the raw greywater in the number of people living in the household (4 
people) and the treatment efficiency of the pre-treatment unit:  

QB =
0.4
3
! 0.15 m3 / batch

 
OL = 30 i 4

1,000
i 1! 0.3( ) " 0.09 kg BOD5 / d



Sizing of Small-Scale Vertical Flow Constructed Wetlands 

The surface area of the VFCW is determined by comparing the impact of hydraulic 
and organic loading criteria, and adopting the larger of the two surface areas.  

Required surface area for VFCW with respect to hydraulic loading criteria (AHYD) is 
determined by dividing average daily flow (0.4 m3/d equal to 400 l/d) by the design 
hydraulic surface load (200 l/m2/d):  

Required surface area with respect to organic loading criteria (ABOD) is the average 
daily organic load (OL = 0.09 kg BOD/d) divided by the design organic surface load 
(30 g BOD/m2/d): 

AHYD =
400
200

= 2 m2

 
ABOD =

0.09 i 1,000
30

= 3m2

A = MAX 2;3[ ] = 3m2



Sizing of Siphon Tank or Pump Sump 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 

•! All civil works have to comply with local as well as national standards 
and regulations. 

•! The location of the VFCW is to be selected in such a manner that it s 
safe from flooding. 

•! VFCW should be designed in such a way that they are integrated into 
landscape as much as possible. 

•! Surface water must be diverted away from the VFCW. 

•! Washed river sand and gravel are the preferred filter media; 

•!top layer:   10 cm fine gravel (Ø 8/16 mm), 

•!main layer:  60 to 80 cm coarse sand (Ø 1/4 mm), 

•!intermediate layer:10 cm fine gravel (Ø 4/8 mm), 

•!drainage layer:  20 cm coarse gravel (Ø 16/32 mm). 

Construction details and other important information 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 

•! No artificial sealing layer If existing soil has a permeability coefficient 
< 10-8 m/s, otherwise sealing of the bottom and sides is necessary. 
This can be achieved by: 

•! using concrete or plastic tank; 

•! providing plastic liner (UV resistant, ! 1 mm thickness, root 
resistant, preferably from polyethylene or equivalent material; 

•! providing clay sealing with a verified thickness of ! 30 cm. It has 
to be compacted properly; 

•! improvement of existing soil by admixture of bentonite or very 
fine clay (two layers of 20 cm each, mixed and compacted 
separately). 

 After finishing the sealing a leakage test should be carried out by 
filling the bed with water. If the loss is less than 2 mm overnight, the 
sealing is to be considered as satisfactory. 

Construction details and other important information (contd.) 



Sizing of Small-Scale Vertical Flow Constructed Wetlands 

•! A freeboard of at least 25 cm (distance from bed surface to the upper 
edge of the lateral sealing) is to be provided. 

•! PVC pipes (Ø 50 to 75 mm) with drilled holes are acceptable for inlet 
and outlet manifolds. Incoming wastewater must be distributed 
uniformly over the surface without leading to the formation of erosion 
furrows. Distribution pipes should run empty to prevent bacterial 
growth and resulting clogging problems. 

•! Local plant species should be used on the bed. The preferred 
species include: cattail, sedge, rush, soft stem bulrush, and reeds. 
Decorative, flowering plants can be used around the edges of the 
bed. 

•! The VFCW should be protected from unauthorized access, but be 
accessible for maintenance. The access has to be constructed in a 
way, that crossing of the VFCW is avoided. 

Construction details and other important information (contd.) 



Examples of constructed wetlands 

constructed wetland in New Zealand 



Examples of constructed wetlands 

greywater tratment in Norway 



Examples of constructed wetlands 

VFCW in Nepal 



Examples of constructed wetlands 

VFCW treating greywater from a 
private house in Kathmandu, Nepal 



Examples of constructed wetlands 

(Bjerregaard, D. 2004, Urban Ecological Sanitation - Kuching is Paving the Way) 

greywater treatment in Kuching 
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