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ABSTRACT

Freshwater transport of 75 x 10° m*®/y from Turkey was a milestone to solve the never-ending water
problems in North Cyprus. This water transport not only covered the demand of different sectors,
but it also enabled to define and implement sustainable integrated water management (IWM) strategy
considering wastewater as an integral part of the management approach. The paper identified all
essential components of the IWM plan, defined sustainable action strategies based on beneficial use
concept. Municipal water demand, agricultural use, groundwater recharge and water-contact recre-
ation were defined as primary beneficial uses for priority consideration. Innovative membrane biore-
actor technologies were suggested for recovery and reuse of the effluents. It was recommended that
(i) all urban wastewater treatment plants be upgraded/built as nutrient removal MBRs, for using the
effluent directly for agriculture and/or groundwater recharge; (ii) all rural wastewaters be treated in
lower-technology delivering effluents suitable for agricultural use. Energy potential of sewage was
also underlined, proposing utilization of sewage sludge for energy recovery. Novel alternatives with
high energy capture rates, such as high ratepyrolysis, gasification, were suggested instead of the tradi-
tional anaerobic sludge digestion. Current status of major factors and modules likely to take part in
the management strategy were also covered.

Keywords: Transboundary water transport; Water management; Beneficial uses; Wastewater reuse;
Groundwater recharge; Energy recovery from sludge

1.Introduction

Water management in islands involves serious problems
associated with its geographic, demographic and economic
features, aside from smaller watershed areas compared to
the mainland. Islands have limited surface area and natural

*Corresponding author.

resources, i.e., freshwater, cultivable land, mineral sources,
conventional energy sources; their isolation from the
mainland and limited resources make them more vulner-
able for appropriate water management [1,2]. Most small
islands have to deal with limited water resources, which are
depended on the quantity and distribution of rainfall [3].
Therefore, they mostly depend on groundwater aquifers,
often limited in capacity; excessive/unplanned withdraw-
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als at rates exceeding the affordable yield lower the water
level and result in seawater intrusion severely damaging
groundwater quality to the extent that it can no longer be
used for the same purpose.

The Cyprus island is located in the semi-arid zone: Due
to the negative impact of climate change, it suffered a sub-
stantial reduction in rainfall during the last few decades
[4,5], which reflected as a significant decrease of the avail-
able water resources in the island. In North Cyprus, the
decrease in the magnitude of surface water, reaching the
existing dams reached a peak value of 58% [5]. The shortage
of available surface water has diverted the water demand to
limited groundwater resources, which until recently, sup-
plied more than 90% of the water utilized in North Cyprus
for domestic, industrial and agricultural purposes. The rest
of the demand was met by surface water and desalination
[6]. Despite many studies and warnings on the subject [7,8],
unplanned and large withdrawals have seriously decreased
the groundwater levels, leading to sizeable seawater intru-
sion. Therefore, the water problem in North Cyprus has
reached an alarming stage in the last few decades, related
not only to quantity but to severe deterioration of ground-
water quality below the level that secures safe usage.

The freshwater transport of approximately 75 x 10°
m?®/y from Turkey should be considered as a milestone and
a unique opportunity to solve the never-ending water prob-
lems in North Cyprus. This constitutes perhaps the most
prestigious trans-boundary water transport envisaged in
the world, involving a pipeline system of more than 80 km
across the Mediterranean. The implementation stage of the
project was completed by the end of 2015. This project will
not only meet all water demand of different sectors at pres-
ent stage and, with all possible development strategies in
the future but also, it offers the chance to define and imple-
ment a sustainable integrated water management strategy that
would consider wastewater as an integral part of the man-
agement approach. This strategy, when structured with all
necessary institutional, technical and administrative com-
ponents, will enable to trigger all innovative steps such as
treatment, recovery, and reuse of treated effluents, energy
recovery from sludge. It will replenish and restore all water
resources and sustainable environmental protection.

In this context, the objective of the study was to identify
all essential components of the integrated water manage-
ment plan and to define sustainable action strategies for
these components, based on related beneficial use concept.
It also covered a brief overview of the current status of
major factors and modules likely to take part in the man-
agement strategy.

2. Major components — current status
2.1. Land use and water demand

North Cyprus has a surface area of 3,300 km?, housing
a population of approximately 340,000. As shown in Fig. 1,
the agricultural area represents the largest fraction, covering
57% of the total area; forests cover another 20%. Populated
land with towns and villages totals 350 km?, corresponding
only to 11% of the surface area.

Aside from the population, tourism activity with nearly
22,000 bed capacity and university education with 80,000
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Fig. 1. Distribution of land uses of North Cyprus.

enrolled students mostly from different countries create
significant domestic water demand. Although no reliable
data is reported in the literature, the total domestic water
demand may be approximated around 90,000 m*/d, or 32.8
x 10°m?/year, distributed as 68,000 m*/d among urban and
rural residential areas (200 L/ca-d); 11,000 m?*/d (500 L/
bed-d) for the tourism industry and 10,000 m?*/d (125 L/
stu-d) for university students. Water demand for industrial
activities can be estimated as less than 5,000 m3/d [5].

2.2. Rainfall and surface water resources

Substantial evidence is commonly expressed on the
relationship of climate change to related anthropogenic
processes [9]. Thermal readings on land surfaces over the
last century demonstrate a global warming effect of approx-
imately 0.6°C [10]. The impact of global warming was much
more pronounced in Northern Cyprus. In fact, the yearly
average temperatures increased from 19.0°C in 1996 to
20.1°C in 2016 corresponding to a significant rise in 1.1°C
in 20 years [11]. It should be noted however that it is still
not precisely clear what portion of the global warming is
related to natural climate inconsistency, and what portion is
attributable to concentration increase of greenhouse gases
in the atmosphere.

At the same time, observations in the eastern part of the
Mediterranean area indicated a decline in yearly precipi-
tation over the 1950-2000 period. An increase in the mean
rainfall intensity per wet day was recorded in most areas
of the mainland, even in some parts, which were getting
drier [12]. Within Europe, the Mediterranean and some parts
of Central and Eastern Europe are the most drought suscep-
tible regions associated with the highest increase in irriga-
tion water demand. A similar rainfall pattern holds true
for Northern Cyprus: By the beginning of the 20™ century,
Northern Cyprus has experienced a reduction in precipi-
tation values [13], resulting in unexpected environmental
concerns such as increase in environmental pollutions from
abandoned mines [14]. As shown in Fig. 2, the annual rain-
fall fluctuated in the range of 200-700 mm/year between
1930 and 2016 [15]. A recent study conducted in the Lefka
areq, suggested a mean design value of 300 mm/year, based
on fluctuations between 185-517 mm/year in the 2010-2014
period [4,5].

Northern Cyprus is subdivided into four main hydro-
logical zones: (1) West Mesaoria; (2) East Mesaoria; (3) North
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Coastal Zone and Pentadaktylos and (4) Karpasia. While
the surface area of Northern Cyprus is 3,298 km?, its total
hydrological area extends to 4,990 km?, due to the streams
flowing from the Troodos mountains. Based on the average
rainfall of 300 mm/year, the annual volume of rainwater
may be calculated as 150 million m?/year. However, due to
geography, topographic features, climatic conditions, and
vegetation, 80% of this water is lost immediately through
evapotranspiration and surface runoff. Observations indi-
cated that approximately 24 million m? of the rainfall vol-
ume might be diverted from flowing streams and used for
irrigation [16].

Dam construction for water reservoir developments is
the most critical aspect of surface water management. 19
reservoirs were constructed between 1900 and 1974 with a
total storage capacity of 20 million m®. After 1974, reservoir
construction was accelerated, and 18 new reservoirs were
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Fig. 2. Rainfall data between 1930-2016, for North Cyprus and
Morphou (Giizelyurt).

Fig. 3. The aquifers of the northern part of Cyprus [17].

217

added till 2001, increasing the capacity to 35 million m?
[16]. Xeros reservoir with a capacity of 4 million m?® is the
biggest in Northern Cyprus. However, a capacity of only
about 25.6 million m? is currently operational, due to silt-
ation problems. The actual annual volume of surface water
stored behind the dams and actual annual volume provided
for irrigation and groundwater recharge are not known, but
it is estimated that the volume of surface water stored for
irrigation purposes is in the magnitude of 8.4 million m?
annually [17].

2.3. Groundwater resources

As shown in Fig. 3, Northern Cyprus has four principal
aquifers, namely Morphou, Famagusta, Kyrenia and Karpasia
with a total capacity of 93.85 million m?/year (Table 1) [18].
Morphou and Famagusta aquifers are unconfined whereas,
Kyrenia aquifer is karstic [19] and Karpasia aquifer includes
different sub-aquifers in which the sub-aquifer Agios
Andronikos is a confined aquifer [20]. Due to uncontrolled
and excessive water extractions from these aquifers, most
of them are polluted or almost completed their service lives.
Apart from the seawater intrusion, there are many other
factors behind the degradation of groundwater resources

Table 1

Main aquifers of Northern Cyprus and their capacities [18]
Name of Aquifer Capacity (m®/y)
Kyrenia Aquifer 9.0 x 10°
Morphou Aquifer 60.27 x 10°
Karpasia Aquifer 945 x 10°
Famagusta Aquifer 15.13 x 10°

Karpasia Aquifer
Moerphou Aquifer
El Central Mesarioa Aquifer
Kyrenia Aquifer

Famagusta Aquifer
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quality in northern Cyprus, such as: (a) contamination
caused by mining remnants [14]; (b) contamination caused
by untreated wastes of small industries; (c) fertilizers used
in agriculture aimed at increasing productivity and the used
pesticides; (d) contamination caused by domestic wastes
(solid and liquid) [21]; (e) contamination caused by geolog-
ical formations and their soluble ingredients. The contami-
nation caused by saltwater intrusion appears to be the most
significant contamination among others. Famagusta, which
is the second biggest aquifer, was the first one to be used
extensively to irrigate 6,000 hectares of citrus trees and veg-
etables; it faced severe seawater intrusion by the seventies
and was soon abandoned.

The major and best-quality fraction of arable land
is situated in the Morphou region. Therefore, the agri-
cultural activities in the island, mainly carried in this
region, are increasing the water demand. Since the 1960’s
this demand is supplied from Morphou Aquifer causing
depletion of water table [22]. Due to unplanned exploit
of water, the salt contamination in the Morphou aquifer
was increased from 1,000 to 5,000 mg/L, which makes it
fall into brackish water classification. This situation has
extensively reduced the production of some salt-intoler-
ant crop patterns [23].

The scarcity of qualitative water resources was experi-
enced with the total drawdown in Morphou Aquifer, which
fell under seawater elevation. Abrupt saltwater intrusion
into aquifer was due to over pumping for furrow irriga-
tion-based agriculture. Morphou aquifer covers a total area
of 240 km? where 150 km?lies at the boundaries of north-
ern part of Cyprus. Early in the 1960s the inflow and the
outflow to the aquifer were in balance. Unfortunately, the
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effects of the enlargement of the agricultural areas and the
increase in the number of wells changed the balance within
the following 8-10 years. In 1969, the groundwater levels
within a 20 km? of the area declined below sea level, and
this was recorded as a maximum of —-3.0 m. By 1980, the area
below the sea level was 75 km?, and the maximum descent
was -32 m (Fig. 4). The situation recorded in 1988 was even
more severe as the decline at the water levels was -55 m
affecting an area of 100 km? [24]. In 1990, groundwater bud-
get studies at the region indicated a severe deficit of 28 mil-
lion m?, signaling the need for urgent precautions for the
aquifer [25].

Although no detailed studies were carried out for other
regions, adverse situations are believed to exist in all areas
similar to that of Morphou region. The decline in water
levels due to excessive groundwater pumping rates is evi-
dent with the fact that the springs discharging from Kyrenia
aquifer that use to flow out during the winter months are
no longer discharging. Groundwater is recharged directly
from precipitation, whereas the urbanization problems are
negatively affecting the recharge possibilities. The rivers
flowing at Kyrenia Mountains mostly discharge to the sea
due to short distances. This water loss was estimated at 7.3
million m*/y [26].

Only a few second-class aquifers of strictly local impor-
tance exist in the Karpasia Peninsula. The replenishment of
the region involves 9.5 million m®. In contrast to the quality
of drinking water in the Kyrenia Mountains, the quality of
the water in Morphou and Famagusta are now well below
the limits when compared with suggested standards of the
World Health Organization [27] and Turkish Standards
Institute [28].
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Fig. 4. Groundwater level changes in the Morphou aquifer between 1961-2017 [24].
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2.4. Sewerage and wastewater treatment

Only six wastewater treatment plants are now in func-
tion in Northern Cyprus with capacities varying between
500-9,000 m?/d (Table 2). The largest plant is a nutrient
removal biological plant treating jointly collected wastewa-
ter from the south and north Nicosia. Taking into account
that the plant only treats a volume of 9,000 m*/d gener-
ated by north Nicosia, the total volume of treated munic-
ipal wastewater in Northern Cyprus amounts to 17,400
m’. Assuming a unit domestic sewage rate of 100 L/ca.d,
this volume corresponds at best to 174,000 people, roughly
equal half the population. The remaining part is either with-
out sewerage or not connected to existing plants. There is
no information available regarding the type and status of
these plants and the effluent quality they generate. It will
be safe to assume that they would require at least significant
upgrading to meet the needs of the new integrated water
management strategy.

2.5. Tourism activities

Tourism activities are mainly associated with the coastal
zones of Northern Cyprus. In these areas, the quality of
coastal water is, on the one hand, the prime concern for
the value of the resort, and on the other hand, it is quite
susceptible to pollution by the activities in the resort. Water
scarcity is the most vital environmental problem for tour-
ism activities. Given the water scarcity in Northern Cyprus,
resort areas have to take measures to increase the efficiency
of water utilization and to stimulate greater conservation.
A study conducted in 1999, identified a total of 104 tourism
installations of different classes with a total bed capacity
of 8,940 [7]. The same study projected that the bed capac-
ity would be doubled in 2015. Currently, tourism activities
surpassed these estimations so that the total bed capacity
reached nearly 22,000 in 2017.

Water usage, wastewater generation and related pol-
lutant loads were estimated as shown in Table 3 in dif-
ferent studies [7,29]. Obviously, availability of water and
occupancy rates at different seasons have a decisive effect
on wastewater generation. Many studies have discussed
and evaluated the optimum treatment strategies in view
of wastewater fluctuations at different seasons and diverse
reuse and discharge options [30-32]. At this time no reli-
able data is available both on wastewater and waste gen-

Table 2
Wastewater treatment plants and their capacities in service in
Northern Cyprus [5]

Wastewater treatment plant  Capacity  Existing effluent
(m3/d) amount (m®/d)

Mia Milia/Nicosia 9,000 9,000

Morphou 3,179 500

Famagusta 8,883 4,100

Kyrenia 1,800 1,800

Lapta 500 500

Bafra 6,000 1,500

Total (m?*/d) 29,362 17,400

eration and monitoring of their treatment and disposal. It
was indicated that seven resorts derived a total of 7,500
m’/d of fresh water using seawater desalination [5].
Undoubtedly, tourism activities will be a prime subject of
comprehensive investigation in integrated water manage-
ment studies.

3. Water Transport from Turkey

This engineering work was perhaps the most impressive
trans-boundary water conveyance project so far realized in
the world. It was designed and built to transmit 75 x 10°
m?®/y of fresh water from the Anamur district in Mersin, Tur-
key to Northern Cyprus. The implementation was started
on March 7, 2011, with the construction of the Alakdprii dam
and completed in October 2015; it was officially inaugu-
rated on October 17, 2015. The project included three main
parts (i) the structures in Turkey; (ii) sea crossing and (iii)
the structures in Northern Cyprus.

The components of the structures in Turkey are briefly
outlined below:

1. Rock-filled, with a concrete covered facade, Alakoprii
dam with 130.5 m?® capacity; its construction started
on March 7, 2011, and finished by March 7, 2014.

2. A ductile transmission line of 1.5 m diameter and 22
km long between Alakdprii dam and Anamuryum bal-
ancing tank, which further extended another kilome-
ter to the shore.

3. Anamuryum balancing tank with a capacity of
10,000 m?.

High-density polyethylene (HDPE) pipes with 64.8 mm
thickness, 1.6 m diameter and 500 m length,made the sea
crossing, which consisted of an 80,167 km passage between
Turkey and North Cyprus shores. The sea crossing was
completed on August 6, 2015. The bathymetric cross-sec-
tion of the passage is schematically illustrated in Fig. 5: The
main components of the passage are described below:

1. The part from Turkey’s shore till code -20 m depth
inside the sea, involved embedding 2,918 m of a pipe
by excavating the seabed.

Table 3
The basis of water utilization, wastewater generation and
pollutant loads in tourism installations [7, 29]

Activity Water Wastewater COD
consumption generation load
(m?/d) (m?/d) (g/ca-d)
Hotels/Holiday resorts 1,000 650 150
Hostels 400 300 100
Daily use 100 75 70
Restaurants 50 40 90
Entertainment complexes 100 80 90
Settlements 200 160 75
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Fig. 5. The bathymetric cross-section of the passage between Turkey and northern part of Cyprus. The suspended pipes were in
total 66500 m in length.

2. 5,222 m of pipes were laid at seabed from -20 m 2. A 3,694 m pipeline with a diameter of 1.4 m between
depth to -280 m depth; this part was fixed to the sea- Glizelyali pumping station and pumping station.
bed by concrete weight blocks. 3. An 8.8 MW pumping station at Gegitkdy.

3. From -280 m depth onward, the 500 m long single 4. The clay core, rock-filled Gecitkdy dam, with a capac-

pipes were connected to each other by “Y” shaped ity of 26.5 million m®.
connections hanged to buoyancy modules at the top 5. A water treatment plant (WTP) with a daily capacity
and anchors at the seabed by 16 cm diameter cables. of 200,000 m®.
What makes this project to be unique is the technol- 6. A total of 477 km of potable water pipeline in
ogy that passes more than 66 km of suspending pipes Northern Cyprus; (i) Nicosia: 67,100 m, (ii) Kyrenia
through the sea. The 9.1 x 9.1 x 1 m size-anchors, coastline: 160,431 m; (iii) Nicosia-Iskele-Famagusta;
weighing 22 tons each, were fastened at the sea floor 153,710 m and (iv) Iskele-Dipkarpaz: 95,713 m [6].

by 16 cm diamet 1 1 bles with a total
Y o o PO YPTOPYene canies With 4 fo%a In July 2016, the construction of distribution pipelines in

length of 85,417 m. The maximum sea depth between
Turkey and North Cyprus was 1,340 m, and the max- Northern'Cyprus was completed, a.nc.i Gf)\'/ernmer.lt Water
. y yp / . ; Board delivered the water to 28 municipalities starting from
imum length of cable used as a one-piece unit was  jjo;10 at an increased rate of 26-27 million m’ starting
1,115 m at the two sides of the maximum depth. from August 2017. In the first phase, it is projected that 38
4. After the hanging part, the passage additionally  million m® of the transferred water will be used for munic-
included 3,644 m of pipe fixed at the seabed from  jpal demand and the remaining 37 million m® for modern
—280 m to 20 m depth toward the North Cyprus  watering and irrigated farming of 70 km?*land [33]. After the

shore. completion of municipal water delivery, Northern Cyprus
5. At the Northern Cyprus shore, 881 m of pipe was started the agricultural water use of the project in 2017. In
buried from —20 m depth till the shore. this project, water will be pumped to a 115 m higher level

(180 m from mean sea level) through a 5.7 km long tunnel
from Gegitkoy Dam to a reservoir to be built in the Kalkanh
Region, to irrigate Morphou Plains and if possible the middle
Mesaoria region. Although, similar projects in the past had
1. A 5.5 MW pumping station at Giizelyali, at the shore-  adversely affected by increasing demand for water, as in

line. Tagus-Segura pipeline, Spain 1978 [34], this project is esti-

The main components of the structure in Northern
Cyprus are listed below:
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mated to be of vital importance for ending the water prob-
lem and especially for allowing to design and implement a
sustainable integrated water management action plan.

4. Highlights of management strategy

The water management approach should start by visu-
alizing the technical merit of water transport from Turkey:
Inspection of the data in Fig. 6 clearly defines the consid-
erable benefit that was provided by introducing this new
water source into Northern Cyprus. The figure essentially
outlines the quality changes in the Nicosia water supply
before and after the start of usage of transported fresh
water. The numerical dimension of water quality was quan-
tified by four main parameters, namely pH, conductivity
(mS/cm), salinity (mg/L) and chloride (mg/L): First, it
depicts the high and escalating levels of dissolved matter,
evidenced by the increase in conductivity from 4,420 to
8,950 mS/cm, and also in salinity from 2,340 to 4,095 mg/L,
during the period 2010 and 2016. It should be noted that
these values are above the levels indicated for safe utili-
zation for domestic purposes. Second, the figure reflects
the immense water quality change after the supply of
fresh water, which is characterized by a salinity of only 30
mg/L. Therefore, the water transport for Turkey should not
be regarded, only as a significant improvement in the life
quality of the population in Northern Cyprus but more, as
a turning point for improving and upgrading the existing
polluted water resources, through a carefully tailored inte-
grated water management strategy. This strategy should be
so arranged that the transported water will not be wasted
and reused for different purposes. A brief sketch on the
highlights of the required strategy is given below.

4.1. Beneficial uses

A sustainable management strategy should recognize
and give priority to the concept of beneficial uses: Benefi-
cial use of water defines a water utilization system resulting
in appreciable gain or benefit to the user. In other words, it
is a water use that, in general, contributes to public benefit,
and promotes the health, safety, and welfare of the people
in Northern Cyprus [35]. This concept embraces consider-
ations of social and economic values as well as utilization
efficiency. Therefore, the management strategy should be
directed toward sustaining the highest water quality con-
sistent with maximum benefit to people. It should be noted
that beneficial use designations for any given water body
in Northern Cyprus should not rule out the possibility that
other beneficial uses exist or may potentially be considered
in the future. Given the present conditions, the following
beneficial uses among others have cardinal importance:

Agricultural supply — water utilization for farming, horti-
culture or ranching, including but not limited to, irrigation;
stock watering or support of vegetation for range gazing.
Quality thresholds and limiting concentrations should be
established for livestock and irrigation water, in a way to
prevent possible hazards of continued irrigation: (i) soluble
salt accumulation; (ii) chemical changes in the soil; (iii) tox-
icity to crops; (iv) potential disease transmission to humans
through reclaimed water use.
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Fig. 6. Quality changes in Nicosia water system after the supply
of fresh water from 2010 to 2018.

Groundwater recharge - use of water for natural and
artificial recharge of groundwater for purposes of future
extraction, improvement of water quality to a level that
would permit future usage and preventing saltwater intru-
sion. The latter is of prime importance for Northern Cyprus,
and it may be started immediately without too much con-
cern on the quality of recharged waters. Natural groundwa-
ter recharges that would occur naturally in many areas from
stream and reservoirs should be controlled and improved
through the maximum capture of rainfall and effective use
of reservoirs. The management plan should recognize and
implement that the most important source of recharge is
wastewater after appropriate innovative treatment.

Water contact recreation — Uses of water for recreational
activities involving body contact with water where its
ingestion is reasonably possible. These uses include, but
are not limited to, swimming, wading, water-skiing, skin
and scuba diving, surfing, and fishing. This beneficial use
is directly associated with coastal-zone tourism activities,
which are of vital importance for the social and economic
life of the island and sustainable environmental protection
in the area. Water contact implies a risk of waterborne dis-
ease and involves human health. Aesthetic considerations
associated with pollution and algal growth also affect and
reduce all recreational water uses, including fishing.

Other beneficial uses, such as industrial uses, public
parks, wildlife and game preserves may also be significant in
different local areas of Northern Cyprus.

4.2. Innovative wastewater treatment

Domestic sewage, i.e., wastewater from urban and rural
communities is one of the most vital pools of water for recov-
ery and reuse if properly treated. Therefore, it should be con-
sidered as an integral part of the water management strategy.
In fact, in the last few decades, there has been a drastic change
in the conceptual understanding of waste management:
Waste is no longer considered as a matter to be disposed of
at the expense of additional cost, but as a resource. Given the
water scarcity in the islands, wastewater should be regarded
as a suitable resource for many beneficial uses, conditional to
being subject to appropriate innovative treatment.
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The activated sludge (AS) process, i.e., the widest imple-
mented biological treatment system in practice, has long
passed the phase of strict dependency on gravity settling:
In fact, the membrane bioreactor provided a major break-
through for the AS technology, simply be replacing gravity
settling by membrane filtration and enabling total retention
of biomass in the reactor with no escape to the effluent [36].
Essentially, the membrane bioreactor (MBR) configuration
of activated sludge combines the aeration tank of the acti-
vated sludge process with a membrane filtration module.
Related research coupled with successful practice quickly
improved and established the MBR process as one of the
most popular AS configurations due to rapidly escalating
public satisfaction and acceptance [37,38,39]. The MBR flow
scheme now involves two different flow schemes: (i) exter-
nal or re-circulated MBR, where the module is located out-
side the aeration tank; (ii) the submerged or integrated MBR
where the membrane is submerged into the reactor (Fig. 7).

The possibility of total biomass retention within the
reactor was construed as a relief of limitations imposed by
gravity settling on biomass concentrations in the reactor.
This ability was initially used for sustaining much higher
biomass levels in the MBR, operated at excessively high
SRTs without facing settling problems. MBR operation
at high SRTs was primarily utilized for nitrogen removal,
because the nitrifying community did not run the risk of
being washed out from the reactor, under different envi-
ronmental conditions [40]. Conventional MBRs were also
coupled with an anoxic reactor for pre-denitrification. How-
ever, Sarioglu et al. [41] reported almost complete denitrifi-
cation in a submerged MBR fed with municipal wastewater
without a separate anoxic reactor; the complete denitrifica-
tion was explained by limited diffusion of dissolved oxygen
(DO) through the flocs, creating micro-anoxic zones.Insel
et al. [42] studied the effect of biomass concentration on
mass transfer limitations for oxygen diffusion; the results
showed that full nitrogen removal could be achieved by
selecting optimal DO set-points associated with different
biomass levels. Hocaoglu et al. [43,44] successfully oper-
ated pilot-scale tests coupled with model evaluations, prov-
ing successful application of MBRs for carbon and nutrient
removal from domestic sewage, black and grey waters.

Later the MBR system was adapted to operate at
extremely low sludge age range of 0.5-2.0 d [37,38,45]. Stud-
ies were conducted with different substrates, namely read-
ily biodegradable mixture; acetate; starch; peptone mixture
and settled sewage using both side-stream and submerged

reactors under different conditions. The results provided
strong experimental evidence that high-rate MBR proved
to be equally successful in COD removals as effluent/per-
meate COD always remained in the range of 12-19 mg/L
[45]. MBRs usually operate with ultrafiltration membranes
with pore sizes of 0.02-0.04 um. Effective filtration size is
further reduced by the formation of a cake layer on the
membrane [46]. Therefore, aside from the complete removal
of particulate matter, MBRs have the potential of providing
a polishing effect on the quality of the effluent, removal a
considerable fraction of soluble residual COD, more sub-
stantial than the effective filtration size.

It is worth mentioning that after 2004, the European
Union set forth an environmental management program
in Northern Cyprus. The plan included the construction of
two wastewater treatment plants, one in Morphou and the
other at Famagusta, together with the rehabilitation of exist-
ing Mia Miliawastewater treatment plant in Nicosia. Mia
Miliawastewater treatment plant was designed for a daily
sewage flow of 30,000 m? to jointly treat sewage coming
from South and North Nicosia. All these treatment plants
included conventional technology with gravity settlers [47].
Thus, their effluents could not meet the quality requirement
for reuse because (i) sewage originated from water supply
with very high dissolved solids content, which cannot be
removed by biological treatment; (ii) conventional treat-
ment cannot provide the degree of treatment suitable for
reuse.

The quality of the transported new water supply, with
practically no dissolved solids, offered an entirely new and
promising perspective for the water management strategy:
It should be remembered that domestic use imparts to the
wastewater incremental total solids of 300-400 mg/L [48].
This range should be compared with 4,000-5,000 mg/L of
total solids levels previously associated with groundwater
supplies. In this context, the new integrated water man-
agement strategy should impose (i) all urban wastewater
treatment plants be upgraded of built as nutrient removal
MBRs, where the effluent could be directly used for agricul-
ture and /or groundwater recharge (ii) all rural wastewaters
be treated in lower-technology, extended aeration plants with
sand filtration, capable of delivering effluents suitable for
agricultural use. Similarly, the Mia Milia treatment should
be expanded into two parallel systems; one unit should be
converted into an MBR system and dedicated only to the
treatment of 9,000 m*/d of sewage generated by North Nic-
osia, also yielding a reusable effluent.
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Fig. 7. Schematic configurations of (a) external MBR (b) submerged MBR.
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4.3. Energy recovery for waste

Perhaps, the most significant resource component is
energy, given present and future energy shortages expected
in Northern Cyprus. Therefore, energy recovery from waste
has become a hot topic now, both regarding scientific efforts
and practical applications. The energy contained in waste-
waters and especially sewage has become quite trendy in
accordance with the major conceptual transition, which
regards all waste materials as a resource. It is well known
that the calorific value of the organic content of sewage is
around 3,300 kcal/kg COD [49]. The conventional AS pro-
cess overlooks this energy conservation potential that may
be achieved in the treatment plant through the generated
sludge; on the contrary, it is attempting to utilize the high-
est possible fraction of the organics in sewage to oxidize to
the generated biomass at the expense of additional energy
input. Energy conservation in sludge is a prerequisite for
recovering the conserved energy. Optimizing energy recov-
ery necessitates maximizing the sludge generated from
the process, obviously discarding the traditional habit and
practice of targeting low sludge generation. Therefore, the
energy conservation component of the unified recovery
approach entails a major change in the conventional treat-
ment strategy towards higher levels of sludge generation.

A recent study calculated the energy conservation rate
in sludge as 34% for nutrient removal AS systems and 28%
for extended aeration AS systems [50]. This rate could go
up to the 60-70% range for different configurations of high
rate AS systems. Assuming an average COD equivalent of
75 g COD/ca-d, the domestic sewage generated in North
Cyprus embodies a total COD load of 25,000 kg COD/d,
with a corresponding energy potential of 82.5 x 10° kcal/d.

Currently, anaerobic digestion is widely used as an
integral part of large treatment plants. Under normal con-
ditions, it breaks down 40-50% of the COD in sludge and
converts it into methane; it leaves behind a highly diluted,
half stabilized sludge, which needs to be processed before
final disposal. It is surprising to note that in all the evalua-
tions towards energy efficient treatment systems, anaerobic
digestion and biogas maintained its place as the sole energy
source. Thus, anaerobic digestion should be considered
as the weakest link of the conventional treatment scheme
towards energy recovery. A novel energy efficient alterna-
tive for this purpose should be considered, for Northern
Cyprus, such as high rate pyrolysis, gasification [51-54].
Karaca et al. [55] provided experimental proof that high
rate pyrolysis systems could be operated with a 70% energy
recovery rate for sewage sludge. This corresponds to 20 x
10°kcal/d of recovered energy as syngas or approximately
4,800m® of syngas with 4,200 kcal/m® for nutrient removal
AS systems, excluding tourism activities.

4.4. Towards zero waste society

The integrated water management plan may also be
extended to include solid waste/garbage management for
an action plan, leading communities in Northern Cyprus
towards exemplary zero waste societies. This action plan
would then cover all major environmental components,
namely water, wastewater, solid waste and sludge and define
for each of the most sustainable approaches for resource

recovery and reuse. It would also include education pro-
grams for the young generation at schools and homes,
highlighting interesting aspects of a zero-waste lifestyle. The
action plan will have the following components:

Save water — This phase will focus on the sustainable use
of water resources: The primary effort will be devoted to
the collection, storage, and utilization of rainwater, with
due consideration of existing reservoir.

Save wastewater - This phase will evaluate wastewater
as a resource: Sustainable and novel treatment technologies
will be defined, generating a clean, reusable effluent in agri-
culture and non-contact water uses.

Save energy - This part of the action plan will concentrate
on energy recovery from all types of wastes, namely solid
wastes (garbage), agricultural wastes and treatment sludge,
which traditionally cause serious environmental problems
during their disposal. Not only that these problems will
be eliminated, but also significant amounts of energy will
be generated through appropriate handling of these waste
materials.

Education -Education programs mainly targeting young
generation will be defined and offered at schools and homes
to illustrate typical examples of a zero-waste lifestyle.

4.5. Management of tourism activities

It is true that Northern Cyprus, like all small islands
with limited resources, heavily depends on promoting tour-
ism activities, which is strongly depended on the quality
and aesthetic value of the environment. These factors are
related to the quality of freshwater resources, as well as the
ecosystems they support. Despite the economic potential,
uncontrolled tourism may run the risk of destroying its eco-
logical value through increased generation of wastewater
and pollution caused by its discharge to the coastal zone.
In this context, the integrated water management strategy
should envisage a detailed inventory of tourism activities
regarding water consumption and waste generation and
define, if necessary, regional collective facilities for waste-
water treatment, effluent reuse and sludge/solid waste pro-
cessing.

4.6. Institutional framework

As in many similar communities, a number of different
agencies are involved with different aspects of water man-
agement in Northern Cyprus. Data collection, compliance
monitoring, enforcement, health issues, service delivery,
environmental protection, and similar, are delegated to
different government agencies, with little communication
on important issues. Moreover, their programs are not
integrated with those of other agencies on activities with
irnpacts on water resources, such as tourism, land-use
planning, and residential areas. These concerns indicate a
significant absence of an integrated approach to water man-
agement. It is therefore recommended that the water man-
agement plan entails the establishment of an Environment
Protection Agency as a new independent institution under
the umbrella of Prime Ministry, which would also define,
enforce and coordinate all actions related to integrated
water management.
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5. Conclusions

Aside from the unique and outstanding engineering
features of the HDPE pipeline system, which crossed a span
of more than 80 km and going as deep as 1,340 m in the
Mediterranean, the freshwater transport from Turkey fun-
damentally changed the hydrologic cycle of North Cyprus.
The magnitude of the yearly supply was more than three-
fold of the recoverable rainfall in the area. While the yearly
75 million m?® input mostly covered domestic, agricultural
and industrial water demand of the area, it also provided
an exceptional opportunity of replenishing and upgrading
the existing and water resources which are mostly polluted.

Northern Cyprus cannot afford to waste this opportu-
nity: The water transport needs to be used as a stepping
stone to set forth an integrated water management plan that
would also consider wastewater as an integral component
of the water cycle, treated to the degree that it may be recov-
ered and reused for groundwater recharge. This manage-
ment plan should offer a novel environmental perspective,
leading towards a near-zero waste community.

The management plan should entail innovative waste-
water systems based on membrane bioreactor technology,
i.e,, membrane bioreactor systems, generating clear effluents
for direct recovery and reuse in agriculture and groundwa-
ter recharge. It should also recognize the energy potential of
sewage proposing utilization of sewage sludge for energy
recovery, suggesting novel process alternatives with high
energy capture rates, such as high ratepyrolysis, gasification,
instead of the traditional anaerobic sludge digestion.
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