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ABSTRACT
In this study, the applicability of pressure retarded osmosis power generation
was investigated in order to meet the electricity demand in Turkey. Pressure
retarded osmosis (PRO) is a method that converting salinity gradients to
power using a semi-permeable membrane against an applied pressure and
PRO is one of the promising candidates to reduce fossil fuel dependency. In
PRO, water is transported from a low concentrated feed solution to a highconcentrated draw solution. According to the literature findings, in order to
produce 1MW of electricity 1m3/s fresh water flow is needed. Turkey is
surrounded on three sides by water and has a big potential to develop this
technology. Riva River is investigated in the scope this study. Currently
Turkey’s total installed power capacity reached 85.200 MW at the end of
2017.Calculations of PRO power generation reveals that it is possible to
generate 25,45 MW, If using 5% of total river flow.
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1. Introduction
Global energy consumption mainly depending on fossil fuels which are resulting an increase of climate
change. In order to meet increasing energy resources, renewable energy sources such as solar, wind and tidal,
biomass and geothermal sources have been introduced and take a share approximately 22% of the total global
energy supply. Turkey’s energy import dependency mainly based on oil and natural gas. Currently, only 26%
of its total energy demand from its own domestic resources. Between OECD countries, Turkey has the highest
rate of growing energy demand over the last 15 years. Figure 1 shows the electric energy demand increase in
Turkey. Turkey’s total electricity (power) demand has been increasing rapidly and it reached 264 TWh in
2015. Ministry of Energy and Natural Resources expected to reach 416 TWh energy demand in 2023 for
Turkey. Currently, primary energy demand is met by natural gas (35%), coal (28.5%), oil (27%), hydro (7%)
and other renewables (2.5%).
Electricity generation in 2015 accounted 37.8% of total electricity by natural gas. Other energy sources type
for electricity generation in 2015 is shown in Figure 2.
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Figure 1. Electric energy demand increase in Turkey [Url-1].
According to the Energy and Natural Resources Ministry data Turkey added 5.840 MW of new electricity
production in 2017 with $6.2 billion total investments. With this newly added electricity generation Turkey’s
total installed power capacity reached 85.200 MW at the end of 2017 [Url-3]. When we investigated Turkey’s
renewable energy potential from wind energy plant, It is calculated with the assumption that 5MW power
plant can be installed with 50m altitude and wind speeds above 7.5m / s with the General Directorate of
Renewable Energy (YEGM). The total installed capacity corresponds to 1.3% of the total area of the country
and the total installed capacity is 48 GW [1],[2]. Turkey's solar energy potential of 308 cal / cm2-day or 3.6
kWh / m2-day that it is admissible. The average daily sunshine duration is 7.2 hours. All regions except the
Black Sea Region, especially the Southeastern Anatolia and the Mediterranean regions, can be invested in
solar energy potential [1],[3],[4]. Although the difference between these values is considered in Turkey
sunbelt regions. Studies have found, for the sun to Turkey 376 TW is a power supply was estimated the value
of the country's total installed capacity is as high as 500 times [1]. The distribution of geothermal resources
varies considerably between countries and regions within the country. At the end of 2016, the geothermal
power plant installed in the world for electric energy production is 13.3 GW. This installed power produces
about 75 TWh of electricity per year. Due to characteristics of the Alpine-Himalayan belt on Turkey which is
a country with high geothermal potential. The geothermal potential of Turkey is theoretically 31.5 GW [1],
[Url-4]. Istanbul (Asian Side) has 2 electricity power plants. Istanbul (Asian Side) total production capacity is
25.1 MW and this energy depends on natural gas [Url-6]. Riva River, also known as Çayağzı Stream, is a
stream located in the Kocaeli Peninsula, north of the Marmara Region. It is born near the Tepecik village of
Gebze district of Kocaeli province and enters into the borders of Istanbul province. It passes through Pendik
and Çekmeköy districts and flows into the Black Sea in the Beykoz district. The river forms the Ömerli Dam
Lake in the Pendik district of Istanbul. This dam covers 48% of the drinking water requirement of the Istanbul
province. The water is collected from the 38 km long section of the river with a total length of 70 km. After
Ömerli Dam Lake, Koçullu, Ömerli, Sırapınar, Hüseyinli, Bozhane, Öğümce, Göllü and Paşamandıra villages
reach the Riva where they turn into the sea. This second part of the stream is covered with 75-80% of forests.
The rest of the land is farmland and grassland [Url-7].
Another important renewable energy is Salinity Gradient Energy (SGE) which utilizes chemical potential
difference between two solutions having different salinities. When 1 m3 of fresh water and seawater mixed,
approximately 0.61 kWh of free energy can be harvested [5]. It might be possible that global energy
consumption demands meet with the potential of SGE with a value of ~ 2.6 TW [6].There are other factors
that make this technology put forward such as less dependence of weather and seasonal conditions, no
emissions of greenhouse gases. Nowadays, rapid population grown and insufficient water supply need an
urgent and important challenge to develop equal access to water and social needs [17].
SGE has different types in practice, one of the most important on is Pressure-retarded osmosis (PRO). In
PRO, using a semi-permeable membrane, water is transported from the feed to the draw side and generate
power with the help of volumetric water flow operates a hydro-turbine [7]. In early stages reverse osmosis
(RO) membranes were used. But, RO membranes were found unsuitable for PRO applications because of
severe concentration polarization [7], [8].
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Figure 2. Electricity generation by type in Turkey [Url-2].
2. Material and methods
2.1. Theory of osmosis process
Osmosis known as transportation of water from a dilute side to concentrated side through a membrane
[9].Solution concentration in concentrated area decreases when the water flow came into the concentrated
side. This water flow creates tendency through membrane which is expressed as osmotic pressure Δπ [10]. In
Figure 3 a schematic drawing of pressure retarded osmosis is shown. According to Van’t Hoffs law, osmotic
pressure can be calculated.
Δπ=

(1)

Z: Valance, C: Concentrarion (kg/m3), R: Universal gas constant (J/K.mol), T: Temperature (K), Mw:
Molecular weight (kg/mol). The concentration profile of salt through the membrane is shown in Figure 4.
Osmotic pressure difference across the membrane severely affected by concentration polarization [11].

Figure 3. Schematic drawing of pressure retarded osmosis [11].
2.2. Salinity power
Power can be harvested from the pressure during osmosis. Literature studies show that a fixed volume of
saltwater tank the theoretical approximation of pressure increment will be 26 bars which is equal to 270 meter
high water column [12].
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ΔP < Δπ pressure can be described as follows for complete rejection.
Jv = A(Δπ- ΔP)

(2)

Jv : Water flux and A is the permeability coefficient of the membrane.
The power describes as E (Watt or J/s) per unit membrane area is given by the product of flux and pressure
difference.
E= Jv. ΔP

(3)

E= A(Δπ- ΔP). ΔP

(4)

Figure 4. Concentration polarization and reverse salt flux flow in Pressure Retarded Osmosis (PRO).
and
draw solution and feed solution concentration respectively.
shows concentration on active layer and
shows concentration between active layer and support layer [7].
Differentiating Eq. 4 with over ΔP, gives the rate of change of energy with respect to ΔP. The maximum
power (W/m2) can be harvested when the pressure is at a value of the osmotic pressure.
ΔP= 0.5π

(5)

Thus maximum power can be generated is
Emax= 0.25.A. π2

(6)

This equation shows that higher the gradient between salinity in the freshwater and saltwater higher pressure
can be obtained from the system [13]. Practically, in a hydropower plant a water head of 100 to 145 meters
equivalent 10 to 15 bars range [14]. According to the theory that 1m3/s flow stream may able to produce 1MW
of electricity power [15]. Increasing the fresh water flow rate can lead to increase power generation. Another
important parameter is power density. In order to say pressure retarded osmosis process economically feasible
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4-6 W/m2 power density is needed [11].
2.3. PRO process

River and sea water are fed into the plant after pretreatment in order to prevent fouling the membranes
depending on the water quality. Figure 5 present a schematic of pressure retarded osmosis power plant.
Pressure retarded osmosis modules have different types such as hollow fiber or spiral wound. Low salt
gradient water is transferred by membrane into the salty water side with 80-90% ratio. 5 W/m2 power density
have to be harvested in order to PRO economically viable. Pressure exchanger is another important objective
which gives opportunity to use recycled energy by brackish water in order to enhance the pressure of salty
water side.
Before planning to construct an economically viable PRO plant some important factors must be taking into
account such as:
 The amount of water in the river,
 Qualities of fresh and sea water,
 Characteristics of the membranes and
 Physical and chemical conditions in the estuary [11].

Figure 5. Seawater-river water PRO process for electricity production, adopted by Statkraft [16].

2.4. Methodology
Flow rates (m3/s) of selected river in Turkey is given in Table 1. Power generation calculated for Riva River
under 5%, 10%, 15%, and 20% of inlet water flow rate of river basin.
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3. Results
Electricity generation of selected river basins was calculated according to Eq.7. The power which could be
extracted by PRO process under 5% flow rate is shown in Table 1.
Power (P) = Power per Unit Volume (W/m2) x Flow rate (m3)

(7)

According to the electricity power calculation, results reveal that 25.45 MW could be harvested from Riva
River.

Table 1. Power extracted by PRO process using 5% of river total water flow rate.
River name
Riva

Flow rates (m3/s) [Url-5]
509

Power (MW)
25.45

Table 2. Power generation with the increasing of percentage of river flow for the PRO process
Percentage of water used
for PRO process (%)
5
10
15
20

Power generated by PRO
process (MW)
25.45
50.90
76.35
101.80

4. Conclusions
In this study it is found that Istanbul is a rich city in terms of water streams for applying PRO power
generation and it can support other renewable resources with a minimum power of 25.45 MW. According to
the calculations for the selected river basin if 20% of total river flow used 101.80 MW of electricity energy
can be generated (Table 2). This number can be improved counting in other river basins and flow rates.
As a result, it is suggested that PRO process is a suitable green technology which can be practicable
successfully in Istanbul. One of the major advantage of PRO process is ability to create reliable power supply
with low environmental risks.
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