ABSTRACT
Conscious governments in the developing countries try to keep abreast of developments, by offering
better services to their citizens; one of the important services is to preserve the natural water resources.
Implementation of constructed wetlands part of sustainable water resource management and ecosystem is
a new approach for water treatment and biological disposal of contaminants, therefore families can
contribute to these treatments through the use this system in their houses.
In order to meet the demand of daily water consumption by separating greywater from wastewater and
for its reuse after treatment constructed wetland systems are one of the successful ecological treatments to
reduce the concentration of pollutants in greywater. In view of the acute water crisis supply in Iraq, the
best solution found for covering the daily consumption of householders is to apply the constructed
wetland for treatment of greywater. The implementation of green roofs technique is one of the best ways
to intercept rainwater. Especially in Iraq, where this technique can be used to provide thermal insulation,
and an appropriate environment, to use the roofs for sleeping at night in the summer season.
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LIST OF ABBREVIATIONS
CW: Constructed Wetland
HRT: Hydraulic Retention Time
ID: Iraqi Dinar
MPN: The Most Probable Number (MPN) is a statistically determined value used to estimate the
concentration of bacteria when they are present at very low concentrations (Forrest English, et al,
2011).
HSFCW: Horizontal Subsurface Flow Constructed Wetland
E. coli: Escherichia coli are used as an indicator for fecal contamination due to having the ability to
survive for a time outside of the digestive tract. Some strains of E. coli are harmful to human
health, but many are benign (Teck-Yee Ling, et al., 2010).
CFU: Colony forming units per gram. When we test bacterial counts, we dilute the food to a suitable level
then mix it with agar for culture. Microbiological counts work on the principle that each single
bacteria present will grow to produce a colony which will be visible to the naked eye after 24 to 48
hours (longer for yeasts and moulds). Then the number of colonies is counted, multiplied by the
dilution factor and this gives us a count per gram of the organisms present (ALcontrol Laboratories,
2011).
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1. INTRODUCTION
The scarcity of fresh water, electricity and the mismanagement of water resources due to political
conditions and other factors have negatively affected on the Iraqi citizens, economically, and the
psychologically.
These reason led me to do something simple that could contribute to slightly reducing the suffering of the
Iraqi people. This study aimed to treat the greywater biologically by using constructed wetlands and
proved its efficiency to decrease the concentration of organic and nutrient loads, which constitute the
largest part of domestic wastes to reuse the water after treatment for irrigation, flush toilet, air coolers and
outdoor uses (cleaning the garage, pathways, roofs, etc.). This can be enabled by every person even with a
low financial income and is very reasonable in its implementation in the garden of the house. The
advantage of this method is to make use of greywater unlike the promises that have been made up by
authorities that are responsible of promises from the government since 8 years to provide them with water
and electricity but have done nothing.
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2. THE EXISTING PROBLEMS
The main problems are





Insufficient fresh water provided by the municipality for daily domestic consumption
requirements.
The acute shortage and scarcity of the main electricity power (the supply does not exceed 4 hours
per day in the best of circumstances) and without scheduling enables the citizen to regulate their
daily status. Especially if they need it for pumping groundwater for irrigation and outdoor uses.
The high cost of electric power produced by privately owned generators (which constitute a
heavy burden on the monthly income of citizens).
The damage of plants, lawns and seedlings, which are planted in the garden, leading to
abnormally high temperatures.
The shortage and irregular pumping of raw water, for its use in irrigation, sprinkling of plants and
washing the garage and external pathways.

Therefore, the households, especially in the summer (very hot) sacrifice one of two things: Either the death of plants or grass in the garden (the garden is the main resort for families to sit
and sometimes sleep there at night) escaping from the high temperature inside the house.
 On the other hand, cancel the use of air cooling devices that are the only outlet to reduce the heat.
The removal of most the green belts (for security reasons) surrounding Baghdad have affected the local
climate, as well as other different factors that have caused a lot of frequent sand storms.
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3. OBJECTIVES
According to the problems mentioned, the research objectives are as follows:


To save money by reducing the use of fresh water from the main freshwater network.



To increase the conservation of plants growth, by providing treated greywater.



To exploit parts of the main electricity power supply to run the air conditioners, laundry
machines, water cooler devices….etc. instead of running the well’s pump.



To take full advantage of the treatment of greywater and to re-use it for irrigation, air cooling
devices, cleaning of walkways, garage and flush toilet systems. Without dependence on the main
electricity power supply.



To apply techniques of green roofs to mitigate the effect of rainstorms, to improve the atmosphere
and to provide an effective insulation for the houses.

4. METHODOLOGY
This study was adopted from the basic literature, which a part was taught in the master’s program and
from studies and information provided by one of the officials of the Ministry of Water Resources in Iraq.
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5. BACKGROUND INFORMATION
5.1 The Economic Situation
The supply of electricity by the power network is unreliable, therefore many private generators exist,
from which electricity is sold to the consumers.
The financial situation of the citizens in general (expect the Kurdistan region) is as follows:


Over 20 percent of Iraqis live below the poverty line.



60 % to 65% live with a limited or low income.



Upper-class people not to exceed 3% (UNHCR, 2009)

this means not all householders can buy electricity from the private generators, and are totally dependent
on the main electricity power supply or small generators at home to produce 1-2 amps for the precedence
of daily needs (lights, fan, and very small air cooler device).

5.2 Location
Al-Mansour district is located at the southwestern part of Baghdad and is one of the two finest urban
districts in Baghdad (Fig.1).
 The residents of Al-Mansour district currently are of middle- income, after abandonment of most
of the upper-class people after 2003.
 The average area of a single residential house for families is 600 m2
 Each house contains a garden with an average area no less than 80m2

Figure 1: Al-Mansour district in Baghdad
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5.3 Baghdad Climate
Climate in Iraq is frequently variable from summer to winter (Fig.2), and these changes in seasonal
temperatures form a burden on the citizen. People require a lot of expenditure and effort for the
maintenance of air cooling devices and air-conditioners (especially) in the summer, and the maintenance
of heating devices and costs for fuel supplies for heating devices in the winter (Climate & Temperature,
2011).

Figure 2: Baghdad Climate Graph
(Climate &Temperature, 2011)
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5.4 Facilities Available
A sewage network was established in the early eighties of the previous century, and therefore the network
is available for all houses. Now it is operating with less than half of its efficiency. All houses which have
been constructed before 1986 contain septic tanks and soak ways.
There is a network of raw water for irrigation purposes in most parts of Baghdad. The used water has no
treatment and contains large amounts of contaminants (because it is directly pumped from the river).
According to the statement by the Minister of Health, 75% of the wastewater from the industrial and
constructed areas is pumped directly to the river without any treatment. In addition, the raw water
pumping is not continuously available and a lot of impurities and sediment is clogging the network that
provides raw water to homes only once every 7 to 10 days.
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6. TECHNICAL APPROACH
Greywater use for irrigation, outdoor uses and toilet systems helps to achieve the goals of ecologically
sustainable development. One possibility is to apply the Ecosan approach using wetlands for treatment of
greywater so that it can be re-used.

6.1 Concept of the Work
Application of the Ecosan approach requires some changes:
1. The blackwater must be separated from greywater. The extension of sewer pipes must be
separated for each type (see figure 4 page 8).
2. Since the sewer pipe (blackwater pipe) already was installed and connected to the main sewerage
directly (see figure 3 below), what is required is a new link to the greywater sewage pipe
collecting the water from sinks, wash basins, baths, laundry, dishwashing ….etc., and then after
passing through a manhole (for maintenance) (see figure 5 page 8), connecting it to the septic
tank as an inlet and outlet to the CW.
3. We need an additional water tank on the ceiling top floor to fill it with the treated greywater (no
less than 1.5 m3). This will be the main feeders for air cooling devices and toilets (flush toilet).
4. All the households have extra water tanks, one in their gardens and another on the roof to collect
the fresh water (with capacity 1- 2 m3).
5. For the houses that have been constructed after 1986, a septic tank needs to be installed.

Figure 3: Drawing illustrated the main sewers before separate the greywater from wastewater
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Figure 4: Drawing illustrated the main sewers after separate the greywater from Wastewater

Figure 5: Drawing shows the greywater and Wastewater sewers pass through manholes after separate

8

6.2 Greywater Characteristics
Nitrogen exists in our excreta in large concentrations, greywater contains no nitrogen and very little of
fecal contaminating bacteria. The main contamination load comes from detergents, and household
cleaning products like personal hygienic products, soap, laundry, and dishwashing.







Water from bathing, dishwashing, laundry, cleaning containing bacteria, grease & oil, hot water,
odor, soup, suspended solids, turbidity.
Organic matter containing sulfur, phosphorus, but no nitrogen surface-active substances: soaps
and detergents.
Mineral phosphorus from laundry in the form of mineral phosphates: little fecal contaminated
bacteria.
Micro-pollutants: additives to laundry, dishwashing and cleaning products, softeners, lens
cleaners and enzymes, etc.
Hot or warm (important pour treatment).
Represents about half the global domestic wastewater pollutant load, expressed in COD
(Chemical Oxygen Demand).

There are health risks and safety issues associated with greywater use. Bacteria can accumulate and grow
in greywater holding systems, Homeowners who irrigate their lawns with greywater need to understand
the risks and safety issues associated with such use. They should know the constituents of their greywater
as well as their potential effects on human, soil, plant and environmental health. For this reason, it is
important to monitor the greywater distribution areas and adjust greywater applications (Waterautarky,
2011).

6.2.1 Caveats of Greywater Using
After treatment of the greywater and its reuse for irrigation, the following conditions should apply:1. Greywater should never be used to irrigate root crops, vegetables that will be eaten raw or other
crops where the consumed portion of the plant rests on the ground.
2. Never use spray irrigation to apply greywater. Greywater should be used to irrigate established
lawns and plants. Seedlings and barren areas where a potential for runoff and/or pounding exists
should not irrigated with greywater.
3. Greywater can contain high levels of chlorides, sodium, borax, and sulfates, and have a high pH
(alkaline). Some plants cannot tolerate this type of greywater and over time, the soil could
become less able to accept water because of the cumulative effects of greywater use (Hawaii state
department of health, June 2009).
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6.2.2 Greywater Collection and Holding
Greywater contains organic matter, and if stored, it will quickly turn septic, generate offensive odors, and
promote growth of pathogenic microorganisms.
Thus, it is critical to size the greywater holding tank appropriately so that it does not hold greywater for
extended periods of time. Generally, to keep greywater fresh, it should be stored for less than one day.
The holding tank capacity must be adequate for the estimated greywater production, expected holding
time, and application rate. The greywater holding tank should hold about one day’s production volume to
limit greywater detention time in the tank to less than a day and to collect gross solids on the tank bottom.
An effluent screen should be placed in the outlet piping to collect debris that might otherwise exit the
holding tank with the discharged greywater and clog the irrigation piping (Hawaii state department of
health, June, 2009).
The greywater must collect in an approved holding tank that meets the following criteria:





Eliminates habitat for mosquitoes and other vectors.
Labeled clearly as “non-potable water”.
Restricts access, especially to children.
Accessible for cleaning.
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7. PROPOSAL SUITABLE DESIGN OF CONSTRUCTED WETLAND
The environmental component of sustainable development, can be achieved partially by use of the
precautionary principle, namely that if there are threats of serious or irreversible environmental damage.
Lack of full scientific certainty should not be used as a reason for postponing measures to prevent
environmental degradation. Also important is the principle of intergenerational equity, namely that the
present generation should ensure that the health, diversity and productivity of the environment is
maintained or enhanced for the benefit of future generations, the conservation of biological diversity and
ecological integrity, improved valuation. Pricing and incentive mechanisms, namely that environment
factors should be included in the valuation of assets and services (Wikipedia, the free encyclopedia).

7.1 Horizontal Subsurface Flow Constructed Wetland
7.1.1 Definition of Subsurface Flow CW
HSFCW is an engineered system designed to stimulate natural wetland functions for water purification.
CW is essentially treatment systems that remove contaminants from wastewater and more active in
treatment of greywater, utilize emergent aquatic vegetation and are similar in appearance to a march.
SFCW also consists of a basin or channel with a barrier to prevent seepage, but the bed contains a suitable
depth of porous media. Rock or gravel is the most commonly used media types. The media also support
the root structure of the emergent vegetation. The design of these systems assumes that the water level in
the bed will remain below the top of the rock or gravel media.
7.1.2 Advantages & Disadvantages/Limitations
Table 1: The general advantage and disadvantage of the (CW) in houses (after: Akvopedia, 2011).
ADVANTAGES







DISADVANTAGES



Requires less space than a Free-Water
Surface Constructed Wetland.
High reduction in BOD, suspended solids
and pathogens.
Does not have the mosquito problems.
Can be built and repaired with locally
available materials.
Construction can provide short-term
employment to local laborers.
No electrical energy required.
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Requires expert design and supervision.
Moderate capital cost depending on land,
liner, fill, etc.; low operating costs.
Pre-treatment is required to prevent
clogging.

7.2 Removal Efficiency Mechanisms
The data below was obtained from an experiment that was performed in Brazil with a family consisting of
two persons after 45 days of operation. (Paulo et al., 2007).
Average concentrations and removal efficiency with standard errors of monitoring of the CW system are
shown in table 2.

Table 2 Average concentration (Paulo et al. 2007)
Inlet

Outlet

Storage
tank

% removal

Temperature (ºC)

24.8 ± 1.0

Not analyses

na

-

pH

6.5 ± 1.7

7.1 ± 0.1

7.4

-

Conductivity (10-6S.cm-1)

658.1 ± 359.7

556.6 ± 141.4

672

-

COD (mg O2.L-1)

570.6 ± 148.3

273.4 ± 133.3

320.5

47.8 ± 31.1

Alkalinity (mg CaCO3.L-1)

201.9 ± 62.8

195.4 ± 19.3

na

-

Turbidity (NTU)

186.8 ± 74.2

34.5 ± 38.7

66.3

81.4 ± 18.2

109.1 ± 31.3

17.2 ± 13.8

34

84.3 ± 11.8

DO (mg O2.L-1)

0.4 ± 0.3

1.6 ± 1.3

na

-

T N (mg N.L-1)

9.2 ± 3.2

3.1 ± 2.1

na

67.1 ± 16.5

Ammonia-N (mg NH3-N.L-1)

8.1 ± 2.5

1.3 ± 1.2

na

77.8 ± 26.8

Total phosphate (mg PO4-3.L-1)

39.9 ± 22.6

13.4± 11.0

na

44.1 ± 67.6

Nitrate (mg NO3-.L-1)

0.14 ± 0.07

0.04 ± 0.01

na

58.6 ± 29.4

Nitrite (mg NO2-.L-1)

0.05 ± 0.04

0.013 ± 0.02

na

62.9 ± 48.2

Oil & grease (mg.L-1)

171.8 ± 83.6

na

na

-

Total coliforms (MPN)

1.8x108±2.0x108

3.3.108±2.0.108

na

-

E.Coli (MPN) {See page iii }

1.3x10 ±2.4x10

na

-

Parameter

-1

TSS (mg.L )

7

7

12

6

1.0x10 ±1.4x10

6

And I choose another model to make a comparison of the E. coli concentration between the
greywater and wastewater on the household’s level.
The model of wastewater is from Kuching, Malaysia and from 5 different cities as shown on the table 3
below (Teck-Yee Ling, et al., 2010).
Table3: per captia wastwater flow and pollutants loading.
(Teck-Yee Ling, et al., 2010)
Mean (Range) values
Parameter
Flow (L/c/d)
BOD5 (mg/c/d)
Phosphorus
(mg/c/d)
Nitrade-N(mg/c/d)
E. coli(lg CFU/c/d)

DS

TJ

TSJ

RPR

TM

104
(41-149)
7943
(2862-10824)
700
(456-1174)
9.6
(7.9-12.2)
9.4
(8.9-9.8)

113
(77-163)
11634
(6599-16853)
577
(437-843)
4.3
(1.8-6.0)
9.6
(9.5-9.8)

95
(67-179)
11201
(6615-17715)
648
(525-876)
5.5
(2.6-8.9)
9.7
(9.3-10.2)

95
(47-126)
10878
(4928-14646)
1020
(542-1330)
5.1
(2.7-6.6)
9.8
(9.5-9.9)

122
(74-163)
14323
(8318-19011)
1016
(979-1064)
6.8
(3.7-11.0)
9.8
(9.5-9.9)

The residential areas selected for the study were:
DS: De Summit Condominium
TJ: Tabuan Jaya, the average number of habitants in household are five people.
TSJ: Taman Satria Jaya, the average numbers of habitants in household are five people.
RPR: RPR Batu Kawa, the average numbers of habitants in household are five people.
TM: Taman Malihah, had 6 habitants per household.
There is one research that addressed an experiment related with treatment of greywater at households
consisting of two persons, and this experiment was applied in one of the residential districts in Brazil (P.L
Paulo, M.A.Boncz, A.F. Asmus. H. Jönsson), I have been quoted only results of greywater characteristics
and the readings of removal the contaminations as reference to my study, but the design of CW will be
more effective because area is bigger and then HRT is long.
After the comparison between the two tables we find that concentrations of E. coli in the wastewater (as
shown above in table 3) is 100 times more than of greywater (as shown in table 2 page 12) which
produced from the households in the cities TJ, TSJ and RPR which occupied with same numbers of
habitants as I assume in my proposal houses.
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7.3 Design of Subsurface Horizontal Flow Constructed Wetland
The main frame of the proposed CW will be reinforced concrete (the base and the sides) lined with
protector layers to prevent any seepage of water. Install a pipe in one end of CW (as an inlet pipe) at a
height of 40-50 cm above the top surface of the basin, and at the other end (as an outlet pipe) at height of
5-10 cm above the upper face of the basin, The outlet pipe is connected with a water tank (steel, fiber or
R.C) to collect the treated greywater with a suitable volume (as will be discussed regarding the
calculation of discharge of treated greywater). This water tank is connected with a pump and a 2 ways
valve, for pumping treated greywater for irrigation and outdoor uses and also to the main sewerage in case
of overflow. A cover to prevent the evaporation in hot weather and to protect it from children must be
installed.
Subsurface horizontal flow wetlands are filled with media (river sand) through which the greywater must
flow. This can be anything from soil to light expanded clay aggregate, but 5 -10 mm gravel is the most
common. An inlet zone of larger media ensures that influent liquid is distributed effectively into the
media. A similar outlet zone collects the treated liquid in drainage pipes as shown in figure 6, figure 7 and
figure 8 (Yocum, 2011).

Figure 6: Longitudinal Section of constructed wetland
(Adapted from Dayna Yocum, 2011)
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Figure 7: Cross section of constructed wetland
(Adapted from Dayna Yocum, 2011)

Figure 8: Top section of constructed wetland
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7.4 Water Consumption
7.4.1 Water usage, guidance table and chart
This water usage table and chart illustrate the typical water usage in an average household*.
The figures shown below can be used as a guide to calculate daily water usage in UK region (Thames
Water, UK, 2011).

Table 4: Water usage (Thames Water, UK, 2011)
Activity

Liters

Buckets used**

Toilet

7–9

1.4 – 1.8

Bath

80

16

35

7

1

0.2

6

1.2

Dripping tap

140 liters/week

25 buckets/week

Dishwasher

20

4

Dishwasher

20

4

Washing car with
Bucket

10

2

House pipe/sprinkler

540 liters/hour

108 buckets/hour

5 minutes shower
(not a power shower)
Brushing teeth with
tap off
Brushing teeth with
tap running

*The data in this table and pie chart (as shown below) is based on 2007/2008 data from both metered and
unmetered customers across the UK.
**Figures based on bucket with 5 liter capacity.
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Figure 9: Location of domestic water use
(After Thames Water, UK, 2011)

17

7.4.2 Definition, describe and operation of the air cooler device
Air cooler device is the initial consumer of water in the summer.

Figure 10: Perspective view of air cooler device
An evaporative cooler is an air cooling system (as shown above in figure 10) known as a coast-effective
and energy-efficient alternative to air conditioners. It efficiently provides cool air in dry climate areas.
The idea behind an evaporative cooler is quite simple; air that passes by the water causes the latter to
evaporate. It is the same principle that applies to the human body. The temperature of the body decreases
and the body feels cooler after the evaporation of sweat. Also called desert or swamp cooler in America,
an evaporative air cooler is basically a big fan with damp filter pad (Sawdust wood, used in Iraq) in front
of it. Warm air from outside is drawn to the fan through the pads (as shown below in figure 11), which
filter out impurities from the passing air. The air becomes cooler and its temperature drops by a bout 20
degrees because the water has evaporated within the filter pads. Then the fan blows the cooler air
throughout the space where the evaporative cooler is located. The air that comes out of the evaporative air
cooler has high moisture content.

Figure 11: Hardware in air cooler device from the inside
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Evaporative coolers are preferred over air conditioners because they result in more energy savings. This is
because evaporative coolers consume less energy than air conditions, which need at least four times more
energy. Also, evaporative coolers use the natural evaporation process to cool air as opposed to the high
amount of electricity needed to make an air conditioning unit run.

Figure 12:The blower and recirculation water pump
Aside from energy consumption, evaporative coolers and air conditioners also differ in terms of how they
are used. For optimum air cooling, air conditioning require a closed space, so doors and windows are
usually closed while an air conditioner is on. In contrast, evaporative cooling windows must be left open
when using evaporative coolers (Evaporative Cooler Australia, June 10, 2011).
.
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7.4.3 Water Consumption of Urban Residential District in Baghdad
There is no reliable data, of the available daily consumption of water in Iraq and there are no statistics on
the quantities of unaccounted water due to misuse or the presence of leaking pipe networks belonging to
the municipality or water networks for housing.
The authoritative source of the Iraqi Ministry of Water Resources was used to provide the approximate
schedules for the consumption of water (Ministry of Water Resources, Iraq, 2006) see table 5. Outdoor
consumption is not included in this table.
Table 5: Provisional Forecasts of Per Capita Demands in Baghdad (2006)

Consumption Category
(Urban Area)

Average daily demand
(lpcd)

Household use winter (6 months)

135

Household use summer

160

Air cooler (4 months)

40

Average water use

161

The average consumption for cleaning garages, pathways, roofs and irrigation for lawn and grass is 7% of
the total fresh water as shown in figure 9 page 17. (Thames Water, UK, 2011).
It is assumed that average number of persons in the house is = 5 persons and the increase in demand from
2006 to 2011 is 5%
The actual demand is =161x1.05≈ 170 lpcd
The total consumption for one household is =5 x 170 ≈ 850 l/d
Water consumption for toilets is = 24% as shown in figure 9 (Thames Water, UK, 2011).
The average quantity of greywater is approximately = total wastewater – toilet water (Fig.9)
= 100% - 24% = 76% total greywater (inlet flow)
Qaver. = 850 x 76% = 646 l/d
Qaver. = 0.646 m3/day, is the total amount of greywater of five persons.
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7.5 Required Dimensions for CW
The dimensions of the proposed CW are related to the following factors:
1 - The average minimum temperature at the site.
2 - The amount of BOD in the greywater.
3 - The amount of BOD that can be removed from the greywater.
These calculations are based on the BOD, but can be adapted to remove nitrate by modifying the factors
in calculating the reaction rate constant. Normally, nitrogen concentrations in greywater are much less
than in blackwater, and BOD is the primary parameter that should target for removal.
The following approach for the calculation of constructed wetland cell size has been adopted from Crites
and Tchobanoglous. (1998).
In Iraq, a temperate climate is found in spring and relatively cool in winter and very hot in summer.
Referring to the Baghdad climate graph (Fig.2 page 5), spring, summer seasons are about 7 to 8 months,
and average hot temperature is 35 º C and average winter temperature is 20 º C.
The calculations of the dimensions of a CW will be applied for two cases (summer and winter conditions)
and the appropriate one will be chosen.

7.5.1 Calculations
The following equations to find the appropriate dimensions will be applied (Yocum, 2011).
Kr = K20 {1.06(T-20)} ------------ (1)
Where Kr = the reaction rate constant (day -1) for BOD
K20 = take from rate constant at 20 ºC = 1.1 day -1
T = is the temperature ºC required.
t = {- ln (C/C0)} / Kr----------- (2)
Where C0= is the BOD concentration of the water entering the system (mg/l=g/m 3) as shown in table 6.
t = is the detention time (day).
C = is the desired BOD concentration of the water (mg/l=g/m 3) exiting the system, or the goal.
Typical BOD values for reasonable goal of runoff water is from 3 to 7 mg/L, as a treatment wetland can
decrease levels of BOD, but it cannot eliminate it. Here will be assumed that the goal is 5 mg/L.
(Crites and Tchobanoglous, 1998).
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Land use
category

High Density
Urban

Residential

Agriculture

Open/pasture

Forest

Wetland

Water

Barren
(dry)

Table 6: Estimated BOD mean concentration for non point source loading from various land uses
(Benaman, 1996)

BOD
(mg/L)

9

15

4

6

6

6

0

13

According to the organic loading rate, Lorg (g BOD/m2-day), using the equation below. This number will
indicate the mass of BOD per area per day that the system is expected to receive. As a general rule, the
organic loading rate should not exceed 11.2 g BOD/m2-day.
Lorg = C x dw x Ƞ/t -------------(3)
Where again C, = The BOD (mg/L= g/m3) of the influent water
dw (m) = the depth of the medium (typically can be from 0.4 m to 0.85m)
Ƞ = the effective porosity of the medium sand (can be determined from the table 7 according
to the size of the gravel chosen) as shown below.
Table 7: Typical values of constructed wetland mediums (Crites and Tchobanoglous 1998). *d10 Is
the diameter of a particle in a weight distribution of particles that is smaller than all but 10% of the
particles,
Medium

Effective size d10*, mm

Effective porosity (Ƞ)

Medium sand

1

0.3

Coarse sand

2

0.32

Gravelly sand

8

0.35

Medium gravel

32

0.4

Coarse gravel

128

0.45

As = Qave.t / Ƞ x dw.

-------------- (4)

Where Qave = Average daily flow through the wetlands (m3/day).
As = Area of the wetland (m2)
t = the detention time (day).
Ƞ= Effective porosity

dw= the depth of the medium (m).
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W = (As/RA)

½

------------- (5)

Where;
W = Width (m)
RA = the aspect ratio, as length/width. (Crites and Tchobanoglous , 1998) recommend the aspect ratio is
between 2:1 and 4:1.
L = As/W ---------------------- (6)
Where L = length of the constructed wetland (m).
The apply equations above are applied in 2 conditions: for hot weather with an average temperature of =
35ºC and for cold weather with an average temperature of = 20º C, to find the appropriate area of wetland.
Assuming that the depth is 0.5m and the material is medium sand.
1st. proposal with the cold weather and T=20 ºC.

2nd proposal with the hot weather and T= 35ºC

Kr = K20 {1.06(T-20)} …….. equation 1 see page 21

Kr = K20 {1.06(T-20)}

Kr = 1.1 {1.06(20-20)}= 1.1 day-1

Kr = 1.1 {1.06(35-20)}= 2.636 day-1

t= { - ln (C/C0)}/ Kr …….equation 2 see page 21

t={ - ln (C/C˳)}/ Kr

t={-ln(5/15)}/1.1=1.1/1.1=1.00 Day

t= {- ln(5/15)}/2.636 =0.416 Day

Lorg = C x dw xȠ/t ……..equation 3 see page 22

Lorg = CxdwxȠ/t

= (5)x(0.5)x(0.3)/1.00= 0.75

= (5)x(0.5)x(0.3)/0.416= 1.8

0.75 < 11.2 g BOD/m2-day its OK

1.8 < 11.2 g BOD/m2-day its OK

As= Qave x t/ Ƞ x dw ……… Qave see page 20

As= Qave x t/ Ƞ x dw

As=0.646x1.00 / 0.3x0.5 = 4.3 m2 ≈ 4.5m2

As = 0.646 x0.416/0.3x0.5 = 1.791m2 ≈ 1.8m2

W =(As/RA)1/2 assume RA= 2:1..equation 5 above

W =(As/RA)1/2 assume RA =2:1

W =(4.5/2)1/2 = 1.5 m (width)

W =(1.8/2)1/2 ≈ 1.00 m (width)

Length (l) = As/w = 4.5/1.5 = 3.00 m… equation 6

(l) = As/w = 1.8/1.0 = 1.8 m (Length)

This result is suitable for all seasons and will be
adopted

Dimensions will be 1.8 x1.0 m
The depth = 0.5 m
This result is suitable for winter season (very
short in Iraq).

as 3.00 x1.50 = 4.5m2
The depth = 0.5 m
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Referring to previous calculations (page 23), the small size of HSFCW (1.8 x 1.00) m is appropriate for
all houses specially for small one, which have no enough space at garden, the mentioned size is not active
in cold weather but this should not be a problem, because the period of lower temperature specially
Baghdad and all other Iraq’s cities does not exceed more than 2 to 3 weeks in worst conditions (except of
the far north and northeast zones).
The CW can further install as a decorative flowerbed in any available small spaces, the large size of CW
is more active for all seasons and the HRT will be more effective.

7.5.2 Total cost of CW
The main frame of the CW structure is reinforced concrete.
Volume of the frame (Base + sides +storage tank) ≈ 4 m 3
Price of raw materials, labors, execute the construction =500 000 ID/m3
Cost of the structure = 4 x 500 000 = 2000 000 ID
Price of water pump in storage tank + valves and accessories = 100 000 ID
Assume length of extend the greywater pipes = 50 m
Price of execute greywater pipes + 3 manholes + full execute inside and outside the house + connection=
60 000 ID / m.l
Cost of execute of greywater pipes and all accessories mentioned above = 50x 60 000 = 3 000 000 ID
Volume of medium sand = 0.5x 3.00x1.8= 2.7 m3
Price of the 1 m3 of medium sand = 50 000 ID/ m3
Cost of medium sand = 50 000 x 2.7 = 135 000 ID
Additional expenses = 150 000 ID

Final cost of CW with all connections and accessories = 2000 000 +100 000 +3000 000
+135000 +150 000
= 5 385 000 ID
≈ 4500 US Dollar
≈ 30000 Swedish kronor
Note: These price and cost till date of prepared this thesis

7.6 Vegetation of Wetlands:
The following plants are suitable for all seasons of the year in Baghdad according to information collected
from an agricultural engineer who specializes in cultivation of ornamental plants areas (Alrawi, et al,
1978).
1.
2.
3.
4.
5.
6.
7.
8.

Rosa Hybriden
Asparagus sperngeri
Chlorophytum comosum
Euphorbia pulcherrima
Hedera canariensis
Monster deliciosa
Sansevieria trifasciate
Yucca aloifilia
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7.7 Approach Implementation of Wetland
Based on the above calculations, the total area would be approximately 5 m 2 which is equivalent to 1 m2
per person. The following recommendation should be followed:

The CW should put in a suitable place and preferably with beautiful scenery.



The CW should preferably placed next to large trees (in the shadow) to prevent exposure to direct
sunlight and to reduce the evaporation.



Should be placed in a location protected from high speeds of wind in order to prevent
evaporation.



The CW should be easy to maintain and clean.



The inlet and outlet lines should fill with gravel. After filling and considering the level of
effluent, it should be at a 0.4m height. The flow volume in the water storage should be no less
than 1.00 m3.



An in-line filter should install to remove any particulate matter that might clog discharge pipes or
irrigation emitters. The filter type needed depends upon the amount of greywater to be filtered
and types of contaminates expected.

Finally I want to mention that 85% of households in Iraq they live in houses, therefore the
implementation of CW can execute in all cities of Iraq and also in other countries that have the same
situation.
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7.8 Consumption of Greywater
Daily consumption of treated greywater:
1. Water use in the air cooler = 40 lpcd x5 person = 200 l/day = 0.2 m 3/day (Table 5 page 20)
2. Expected maximum Evaporation in June ≈ (14mm) = Area of constructed wetland x Evap. (see
figure13 below). = 14mm/1000= 0.014 m
Evaporation (Fig.13) = (3.00x1.50) x 0.014 = 0.063 m3/day (Hasson, 2008)
3. Outdoor consumption= 7% = 0.7x 0.646 (page 19) = 0.045 m3/day (Fig. 9 page 17)
4. Toilet consumption = 24% = 0.24x0. 646 = 0.155 m3/day (Fig. 9 page 17)
5. Total consumption of treated greywater =0.2+0.063+ 0.045+ 0.155 = 0.463 m3/day
6. Treated greywater = 0.463 m3/day
Treated greywater < Qave (see page 20)
0.463 < 0.646 it is OK

Figure 13: Evaporation in the Iraq (After: Hasson, 2008)
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7.9 Brief Look on the Status of Electricity Power
The availability of electrical energy supplied by the municipality to the households do not exceed 4-5
hrs/day in the best conditions (winter) and does not exceed 2 to 3 hrs/day in summer.
There is no scheduled time for supply of electricity, in order to let households manage their daily
requirements and use of their devices. Therefore very large proportion of households rely on electric
power produced from privately owned generators, to secure their daily needs for, lighting, refrigerators,
air coolers, fans, other essential requirements. The consumer also rely on the provided electric power to
operate water pumps (0.25 hp) in order to store fresh water in spare water tanks (roof tops) and its use for
baths, kitchen, toilets, washing…..etc.
Special water pumps are used for pumping the ground water for irrigation and to wash pathways, garage,
spray trees and seedlings. Groundwater is usually found at depth 8 -10 meters, the water pump device
must have a capacity of 0.75 hp to 1.25 hp to pumping this water. In order to run these pump electric
current 8-10 amps is needed, that means the householders rely on the main power supply to operate this
water pump device.



Each householder purchases on average 5 amps per 10 hours/day, from the electric power
produced from privately owned generators.
The average cost of 1amps per 10 hours/day is 20 US per month (in Al-Mansour district) so the 5
amps cost 100 US monthly

7.9.1 Analysis of Electrical Consumptions
Peak consumption (summer Season) 4 months
Minimum Essential Daily consumption requirement:Refrigerator = 2.00 to 2.5 amps
Air cooler device = 1.25 to1.5 amps
Water cooler = 0.75-1.0 amps
Fan = 0.5-0.75 amps
T.V, Receiver, 5 to 6 economical lights= 0.75 amps
Water pump (0.25 hp) = 0.80 to 1.25 amps
Total amps consumptions = 6.05 - 7.75 amps
Notes:




No freezer run (totally canceled).
No water pumps is running to pumping ground water for irrigation and clean the pathways and
garage (only if the main power supply exists), so people rely on the fresh water.
Washing machine (5 amps) runs twice a week, and when running, all other devices must be
turned off.
When the water pump is running the air cooler or refrigerator must be switch off, and daily need
3 hours to fill (on roof top) the water tank and irrigating plants, cleaning pathways and garages
and sprinkle trees and grass in the evening.
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8. DISCUSSION
From my point of view the study that I perform is very successful practically, and can play an active role
to resolve the crises of water scarcity for all households at least for now. It can certainly yields positive
environmental improvements of water quality by the removal of pollutants which is relatively good, but
this currently a future demand.
Based on the calculation made in this study, the amount of fresh water consumed by households is
relatively small and quantity of greywater that has been treated is little. However the purpose of daily
household consumption at the present time has been met (flush toilet, watering plants, washing garage
and walkways, spraying grass, and the important thing is the water required for air cooler devices).
In my 43 years of living in Baghdad, I found that the daily consumption before 12 years was far more
than is mentioned in the report of the Ministry of Water Resources (2006) (table 5 page 20).
In addition to the existence of raw water network plan irrigation, which is also used to clean the garage
and external pathways….etc?
Through preparation for this thesis, I have read a lot of studies and researches related with CW for the
purposes of water treatment, but mostly have focused on wastewater treatment, the effectiveness of CW
for treating wastewater, and how CW is very active to reduce contaminants.
I aspire through this thesis to prepare a comprehensive study for the application of green roofs technique.
My main objective of this technique is to provide an efficient thermal insulation and appropriate
environmental conditions through cultivation of plants to save energy and money. The calculations that I
have made, found that the quantity of greywater that has been processed is not adequate to cover the
watering and the irrigation of plants in the green roofs, especially during the summer season.
The important factors encouraging the implementation of green roofs in Iraq in general and in the district
where I live are as follows:
1. A very large proportion of the buildings are constructed of reinforced concrete where the slabs
are suitable for carrying heavy loads.
2. All primary thermal insulation and protecting layers against water is actually executed under the
concrete tiles.
3. Usually the layer of the fertile soil on ceilings is used to absorb the seepage water and to organize
the required slope.
4. Will be dispensed of using concrete tiles, which is relatively heavy and costly, and replace it with
planting plants that are lighter and cheaper.
Accordingly, I hope that the implementation of green roofs meets the important goals in the near future,
but guidance is needed for the citizens in order to increase their awareness regarding the benefits resulting
from this method.
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9. CONCLUSIONS
Ecological sanitation is an active system to treat greywater and to prepare it for reuse, especially in the
suffering situation of the Iraqi people. Therefore, the goals have been met through calculations and
exploitation of all greywater and reuse it for the daily-required consumption.
Results of the calculations give potential to cancel ground water pumping and thus saving main electricity
power to use it for other devices, like air conditioning within the houses to reduce the high temperatures
in the summer or for other devices like washing machines, lighting, personal computers.
This also applies to fresh water, where its use and consumption can reduce in order to save costs.
The calculations do not meet the goal for providing adequate treated water for irrigate of green roofs
during the summer and therefore it can be applied for use in the green roof technique as interception for
heavy rain and good thermal insulation, providing a good environment for sleeping on the flat rooftops
during the hot Iraqi summer.
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