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1. Basic information: General overview about the Arabian Peninsula
Geography
Lebanon
Israel
Egypt

Syria
Iraq

United
Kuwait Arab
Emirates
Qatar

Jordan
Saudi Arabia

Oman

Yemen

Figure 1:

Location plan of the Arabian
Peninsula

Source: World Health Organization Regional Office for the
Eastern Mediterranean Regional Centre for Environmental
Health Activities CEHA (2005): A regional overview of wastewater management and reuse in the Eastern Mediterranean
Region. Retrieved: June 2019, from: http://applications.emro.
who.int/dsaf/dsa759.pdf

Population
The population structure is characterized by a very high increase and a very high proportion of foreign workers. Some states like Kuwait, Qatar and Bahrain are one of the
countries with the highest degree of urbanization (almost 100 %); Official language is
Arabic, commercial language is English.
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The Arabian peninsula, simplified Arabia,
is a peninsula of Western Asia situated
northeast of Africa on the Arabian plate.
From a geographical perspective, it is
considered a subcontinent of Asia. It
is the largest peninsula in the world, at
3,237,500 km². The peninsula consists of
the countries Yemen, Oman, Qatar, Bahrain, Kuwait, Saudi Arabia and the United
Arab Emirates. The peninsula is bordered
by the Red Sea to the west and southwest,
the Persian Gulf to the northeast, the Levant to the north and the Indian Ocean to
the southeast. The peninsula plays a critical geopolitical role in the Arab world due
to its vast reserves of oil and natural gas.
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The four smallest states (by area), which have their entire coastlines on the Persian
Gulf, exhibit the world’s most extreme population growth, roughly tripling every
20 years. In 2014, the estimated population of the Arabian Peninsula was approximately
78 millions (including expatriates).
Country

1950

2018

Change
%

UAE

69.588

9.541.615

13.611,58

Qatar

25.003

2.694.849

10.678,10

Kuwait

153.096

4.197.128

2.641,50

Bahrain

115.611

1.566.993

1.255,40

3.121.335

33.554.343

975,00

Oman

456.419

4.829.946

958,23

Yemen

4.402.320

28.915.284

556,82

Total

8.343.372

85.300.158

1.122,37

Saudi-Arabia

Table 1:
Population increase over the last
70 years in Arab countries

The increase in population is from 1950 with less than 8 million to 2018 with about
85 million people. That’s more than 1,000 percent in just 70 years.
Politics
The above mentioned states, except Yemen, are all member of the Gulf Cooperation
Council (GCC), a regional intergovernmental political and economic union. The Charter of the Gulf Cooperation Council was signed on May 25, 1981, formally establishing
the institution.
All current member states are monarchies, including three constitutional monarchies
(Qatar, Kuwait, and Bahrain), two absolute monarchies (Saudi Arabia and Oman),
and one federal monarchy (the United Arab Emirates). In order to reduce their future
dependence on oil, the GCC states are pursuing unprecedented economic structural
reform.
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Economy
This area has some of the fastest-growing economies in the world, mostly due to a
boom in oil and natural gas revenues coupled with a building and investment boom
backed by decades of saved petroleum revenues. In an effort to build a tax base and
economic foundation before the reserves run out, the UAE’s investment arms, including
Abu Dhabi Investment Authority, retain over 900 billion USD in assets. Other regional
funds also have several hundreds of billions of dollars of assets under management.
A common market was launched on January 1, 2008 with plans to realise a fully integrated single market. It eased the movement of goods and services. However, implementation lagged behind after the 2009 financial crisis. The creation of a customs union
began in 2003 and was completed and fully operational on January 1, 2015.
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Politics and governance
The following institutions are incorporated:
• GCC Supreme Council is the highest decision-making entity of the GCC,
• The Ministerial Council primarily formulates policies and makes recommendations
to promote cooperation and achieve coordination among the member states when
implementing ongoing projects.
• The Secretariat is the executive arm of the GCC.
• On December 15, 2009, Bahrain, Kuwait, Qatar, and Saudi Arabia announced the
creation of a Monetary Council to introduce a single currency for the union. The
original target was in 2010. Oman and the UAE later announced their withdrawal
from the proposed currency.
• Additionally exists a Peninsula Shield Force, GCC Patent Office and the GCC Standardization Organization
Infrastructure
The GCC launched common economic projects to promote and facilitate integration.
The member states have connected their power grids, and a water connection project
was launched with plans to be in use by 2020. A project to create common air transport
was also unveiled.
The GCC also launched major rail projects to connect the peninsula. The railways are
expected to fuel intra-regional trade while helping reduce fuel consumption. Over
200 billion USD will be invested to develop about 40,000 kilometres (25,000 miles) of
rail network across the GCC, according to Oman’s Minister of Transport and Communications. The project, will link the six member states as a regional transport corridor.
Saudi Arabian Railways, Etihad Rail, and national governments have poured billions
into railway infrastructure to create rail networks for transporting freight, connecting
cities, and reducing transport times.

The Arab region is the driest in the world, with 18 out of 22 Arab countries falling
below the water poverty line of 1,000 m3 per capita in 2014. The use of safely treated
wastewater has become a means for increasing water availability in several Arab states
and has been included as a core component of water resources management plans at
the regional and national levels.
Access to improved sanitation is largely prevalent in the Arab region, but connections
to sewerage networks and wastewater treatment facilities remain more limited. Network coverage is generally provided in larger urban centres, while septic tanks and
cesspits remain common in rural areas and in the region’s least developed countries [6].
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2. Overview of the actual water management
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Off-network sanitation systems, however, complicate the collection and treatment of
wastewater and reduce the ability to sustainably manage wastewater as a resource in
most areas.
Regional monitoring and reporting on water, sanitation and wastewater services is conducted under the auspices of the Arab Ministerial Water Council through the MDG+
Initiative. The MDG+ data presented in the following table show that, during the year
2013, 69 % of the wastewater collected in Arab States was safely treated, with 46 % undergoing secondary treatment and 23 % undergoing tertiary treatment. Furthermore,
84 % of all wastewater collected in the water-scarce GCC states underwent tertiary
treatment, and 44 % of their total safely treated wastewater volume was subsequently
used. At the Arab regional level, 23 % of the safely treated wastewater is being used,
mostly for irrigation and groundwater recharge.
Table 2:

State

Volume of collected wastewater, wastewater treatment and use in different Arab countries,
2013
Volume of
collected
wastewater

Primary
treatment

Secondary
treatment

Tertiary
treatment

Volume
of safely
treated
wastewater

Volume
of treated
wastewater used

Treated
wastewater use
% of safely
treated
wastewater

million m³/year
Gulf Cooperation Council (GCC)
Bahrain

122.8

0

0

122.8

122.8

38.1

31

Kuwait

n.a.

0

58.0

250.3

308.3

308.3

100

Oman

26.2

0

0

26.2

26.2

20.4

78

Qatar

176.8

0

0

158.7

158.7

115.9

73

Saudi
Arabia

1,317.2

0

580.2

736.9

1,317.1

237.1

18

615.7

0.3

11.7

593.6

605.3

397.2

65.6

Sewage Sludge

United Arab
Emirates

Despite investments in secondary treatment plants, many facilities are overloaded and
produce effluent below the expected quality, due to changing population pressures and
the time lag between the design and construction [6]. Investment choices are also often
made with little regard for the hot and arid climate conditions that characterize the
region, which should be considered, particularly when assessing aerobic and anaerobic
treatment options.
Treated wastewater is now also being used to support artificial groundwater recharge and
water storage in the water-scarce Arab region. In Bahrain, 7 % of treated wastewater is
used for groundwater recharge [2]. Meanwhile, some Arab States are redirecting storm
water and treated wastewater into aquifers as a way to manage extreme rainfall events
and increase water reserves, as was done by Egypt along its Red Sea Coast.
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Table 3:

Total water withdrawal , raw wastewater and treated waster in the different Arab countries

Countries

Total water withdrawal

Total wastewater Volume of treated
produced
wastewater
109 m3 year
0.82
0.7**

Volume of treated
water reused

Algeria

6.07

Saudi Arabia

23.67

0.73

0.652*

0.051
0.166

Bahrain

0.3574

0.0449

0.076*

0.0163

Comores

0.3574

-

-

Djibouti

0.019

-

0

Egypt

68.3

3.76

2.971**

United Arab Emirates

3.998

0.5

0.454*

0.248

Iraq

66

0.575

0.098**

0.0055

Lybia

4.326

0.546

0.04***

0.04

Jordan

0.941

0.117

0.111**

0.102

Kuweit

0.913

0.25

0.239*

0.078

Lebanon

1.31

0.31

0.004***

0.002

Morocco

12.6

0.700

0.177**

0.080

Mauritania

1.7

-

0.0007***

0.00035

Oman

1.321

0.098

0.037*

0.0023

Qatar

0.55

0.444

0.066*

0.043

Syria

16.7

1.37

0.550***

0.550

Somalia

3.298

-

0

Sudan

37.32

-

-

West Bank and Gaza

0.418

0.05

0.03***

0.00544

Tunisia

2.85

0.461

0.240**

0.068

Yemen

3.4

0.074

0.046***

0.006

Total

256.303

10.85

6.492

2.164

0.700

In the GCC countries, about 40 % of treated wastewater is used to irrigate non-edible
crops and fodder as well as for landscaping [1]. In Kuwait, the Sulaibiya Wastewater
Treatment and Reclamation Plant is considered by far the largest facility of its kind in
the world to use reverse osmosis (RO) and ultrafiltration (UF) membrane-based water
purification systems. The plant’s initial daily capacity is 375,000 m³, which could be
expanded to 600,000m³/day in the future. It is believed that treated wastewater will
contribute to 26 % of Kuwait’s overall water demand, reducing the annual demand
from non-potable sources from 142 million m³ to 26 million m³.
One of the by-products of wastewater treatment is sewage sludge. The sludge generated
is rich in nutrients and organic matter, which gives it considerable potential for use as
a soil conditioner and fertilizer. In many cases, however, the beneficial value of sewage
sludge is not realized because of concerns regarding the pathogens, heavy metals and
other compounds it may contain. Other useful by-products from wastewater include
biogas (i.e. CH4) and heat, which can be recovered for beneficial use either in the
treatment plant or in the adjacent community.
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*GCC water statistics book, 2010; **Dubai Expert meeting; ***FAQ-AQUASTAT 2009

Manfred Graf

3. Actual examples
In Kuwait and Bahrain increased the population from around 170,000 to 5.7 million
people within the last 70 years. Beside the high demand for accommodation all the
infrastructural necessities like roads, electricity, telecommunication, water supply have
to be erected. In combination with the waste water treatment plants, concepts for the
handling of the sewage sludge has to be made.
For the plant in Kuwait it is required to reuse the produced sludge by using anaerobic
digestion and composting treatment to produce compost in compliance with specified
standards.
In Bahrain the erection of a sludge incineration plant with two lines using fluidized bed
technology is integrated part of the extension of the existing waste water treatment plant.

3.1. Kuwait
In Kuwait, the Sulaibiya Wastewater Treatment and Reclamation Plant is considered by
far the largest facility of its kind in the world to use RO and UF membrane-based water
purification systems. The plant’s capacity is around 425,000 m³/d with the possibility
to extend it to 600,000 m³/d. The first reclaimed water drop was produced from the
plant on November 4, 2004.
In 2009 the estimated waste water amount was around 1.0 million m³/d and still increasing due to the growth of population. In addition to the above mentioned Sulaibiya
Wastewater Treatment Plant some smaller facilities are existing.
It is believed that treated wastewater will contribute to 26 % of Kuwait’s overall water
demand, reducing the annual demand from non-potable sources from 142 million
to 26 million m³. The use of treated waste water for irrigation and in the oil industry
reduces the amount of water taken from ground or sea water. Additionally the costs
per cubic metre treated waste water are far less than produced in desalination plant.

Sewage Sludge

Growth of population, the costs for desalination and the size and age of some of the existing
waste water treatment plant led the Kuwaiti authorities develop a new waste water facility.
The new wastewater treatment plant within Umm Al Hayman treatment boundary
with an initial hydraulic capacity of 500,000 m3/d daily average wastewater flow. The
Stage 1 Plant must be capable of being expanded at a future date to a final hydraulic
capacity of 700,000 m3/d.
It must treat wastewater to the relevant Treated Sewage Effluent (TSE) Specification; all
TSE must be delivered to the relevant TSE Delivery Points; and it must treat primary
and excess sludge by means of anaerobic digestion, composting (to standards), generating electric and thermal power from the biogas produced from the sludge digestion
for utilization by the Stage 1 Plant.
The client envisions reuse of the produced sludge by using anaerobic digestion and composting treatment. Therefore it is required to produce compost in compliance with specified standards. All compost will be discharged to a designated state operated storage area.
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Sludge treatment
The Input sludge and shredded wood chips (or equivalent) are filled into the input area at
the end of each lane via belt conveyors. The different input materials are added alternately
in order to receive a pre-mixture. The aerobic treatment of the organic material takes
place in an agitated and enclosed lane composting process using a lane turner system.
The mixture of sewage sludge and wood ship is transported by fully automatic conveyor
technology into the filling boxes of each lane. Therefore the area at the end of the lanes
is on grade with the top edge of the backside walls of the lanes in order to enable filling.
The filling area is also storage area of the lane. In this top opened not aerated area
the material is stored until the Lane Turner for Closed systems (LTC) starts the next
conversion operation of the lane. Conversion operations in general are carried out by
the LTC which runs on the top edge of the lane walls starting at the beginning of each
lane in the discharge area.
The LTC is equipped with an importable rotor. The rotor is extended prior to the
discharge area therefore the ceiling is equipped with an opening of adequate width.
The LTC starts conversion in the discharge area of the lane which is not aerated. The
material in this area is shifted opposed to the driving direction of the LTC.
The discharged material is automatically filled into a funnel which leads the material to
conveyors which transport the output material outside the rotting area. After passing
the discharge area the LTC enters the aerated treatment area of the lane.
The movement between the lanes is carried out by a transfer wagon which transports
the LTC along the lanes in the discharge areas. The conversion of the LTC provides best
homogenized material during treatment. The optimized biological conditions lead to
a maximum of biological performance providing best possible results for the desired
output parameters at given process time.
During the treatment process a fan blows air through a concrete pressure chamber
which supplies one of seven segments of the spigot floor. The segments are arranged
beside the central ventilation room with seven segments on each side crosswise to the
lanes. Five lanes are arranged on both sides of the ventilation room. The treatment
process can be properly controlled this way.

3.2. Bahrain
The wastewater facilities at Tubli were developed in several steps starting in 1982 with
the last major expansion being completed in 2002. After that major expansion Tubli
STP (Sewage Treatment Plant) today has a total design capacity of 200,000 m³/d (~
700,000 PE) with a treatment target for reuse of TSE in unrestricted agricultural and
landscape irrigation.
In the last several years, the sewage treatment plant has received much higher flows
than what the plant was designed for causing significant hydraulic and biological
treatment overloads.
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Four groups each consisting of ten lanes will be placed next to each other to meet the
required plant capacity.

Manfred Graf

Inlet

Screening

Prim. Sedim.

Figure 2:

Pre-Aeration

Selector

Activ. Sludge

TSE
Discharge

Disinfection

Thickening

Preliminary
Treatment

Grit Chamber

Digestion

Secondary
Treatment

Sec. Sedim.

Dewatering

Primary
Treatment

Filtration

Tertiary
Treatment

Composting

Sludge
Treatment

Process diagram of the wastewater treatment plant Tubli

During the last expansion and rehabilitation measures from 1998 to 2002, the treatment capacity increased to 200,000 m³/d, but in recent years the daily flow regularly
amounted to 300,000 m³/d or more.
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With the elaboration of the National Master-Plan for Sanitary Engineering Services
in Bahrain, presented in early 2010, it
had become obvious that even higher
hydraulic loads – up to 400,000 m³/d –
would be discharged to the Tubli site
in the future following the vision 2030.
This was not covered by the elaborated
concepts of 2008.

0

Construction site access
Phase 4 expansion

498

150

Laydown area

Figure 4:

300
Meters

SIP

Existing WWTP site boundary

Site map of the wastewater treatment plant Tubli
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In the National Master-Plan for Sanitary Engineering Services 2010, the relocation of
Tubli STP at a future stage was also analysed, in addition to the impact on the development of the sewer system.
In 2010, the Government of Bahrain decided to evaluate privatizing the upgrade and
extension of Tubli STP with a contract horizon of 25 years similar to the project of STP
Muharraq. A new concept based on two extension phases with two plant stages was
provided. (first phase extension by a green-field stage based on membrane biology with
a capacity of 200,000 m³/d and a second phase conventional stage on the basis of the
upgraded existing plant with 250,000 m³/d), both stages together covering hydraulic
loads up to 450,000 m³/d following a time horizon of 15 to 20 years.
The Tubli STP contains as an integral part of the whole project a thermal treatment
of the produced sewage sludge (SIP – Sludge Incineration Project). The SIP includes
two incineration lines that can be operated completely independently of each other.
The thermal energy that is released when sewage sludge is incinerated is fed into a
common water-steam circuit and transformed into electrical energy by means of a
steam turbine and generator.
The SIP plant consists of the following areas:
• sludge de-watering;
• sludge drying;
• sludge transportation;
• fluidised bed combustion furnace;
• waste heat boiler;
• steam turbine generator package;
• dry flue gas cleaning unit; and
• ash and residual material handling.

The two incinerators have a capacity of 118 t dry solids/day (tDS/d). Depending on the
sludge volume from the WWTP, both lines will be normally operated at 118 tDS/d for
8,000 hours per year. For a period of 760 hours a revision is planned for each line. During
this revision, cleaning and maintenance work will be performed. Due to continuous
sludge production from the WWTP each line is turned off individually. An overall shut
down of both lines is necessary only in extraordinary situations.
The thermal energy generated by the incineration process is used to treat the backwash
water from the disc filters. During the stoppage of a line, it will no longer be possible
to provide sufficient thermal energy for the treatment of this backwash water. To ensure the backwash water treatment is continuous, an auxiliary boiler will be operated
during the overhaul of a line.
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During normal operation the plant is operated continuously 24 hours per day and
7 days a week.
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Table 4:

Design Data for the sludge
incineration project

Parameter
total plant capacity*
total dry solids including
all reserves **
average metric tonnes
average content of VSS
(=oDS)

Unit
tDS/a

Value
39,333

tDS/d

118

tDS/h

4.92

%

65 – 70

The design data for the Tubli SIP is provided in Table 4 and the key technical
data for the thermal sludge treatment
including energy recovery and utilization
is provided in Table 5.

*

refers to a calorific value of dry matter of 14.5 MJ/kg and plant
availability of 8,000 h/a
** refers to a calorific value of dry matter of 14.5 MJ/kg

Table 5:

Main technical data of the sludge incineration project

Parameter
number of dryers
number of combustion lines
number of turbines
turbine type
solid concentration after dewatering
solid concentration after drying*
live steam parameters
LP steam parameters (saturated steam
fuel thermal capacity (incineration) total / per line
live steam generation total/ per line
amount of flue gas total/ per line
gross electrical output
electrical consumption

sludge
dryer

Incineration line 1

sludge
storage

waste
heat
boiler

Unit
%DS
%DS
bar(a)/°C
bar(a)/°C
MW
t/h
Nm³/h
kW
kW

preseperation

General parts

dosing
system

reactor,
dry sorption

fabric
filter

fluidized
bed
furnace
ash
silo

Sewage Sludge

Value
2
2
1
Backpressure steam turbine
24
35 – 40
41/400
6-10/160-180
~15 ~7,5
~18
~9
~40,000
~ 20,000
~1,400 – 1,600
~ 1,000

vapour
condenser

condensate
tank
feed
water
tank

reaction
product
silo

residue
circulation

steam turbine generator set

stack,
emission
control

heat exchanger-back wash water

steam
turbine bypass condensers
stations

auxiliary boiler
waste
heat
boiler

Incineration line 2

sludge
storage

sludge
dryer

preseperation
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