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Abstract

In this study, primarily from wastewater treatment plants in seven geographical regions in Turkey value of electrical power that can
be generated were calculated. Then, a study was carried out to determine the ratio of the electrical power generated to meet the
lighting energy requirement in the relevant geographical region. For this purpose, a method for evaluating the hydroelectric potential
of wastewater treatment plant was presented. For seven geographical regions, population prediction in 2018-2025, predicted flow
rate of wastewater to be treated from wastewater treatment plant and lighting consumption for each region were predicted.
Predictions for the future years were made by using the equations obtained through the curve fitting algorithm written in Matlab
environment. Using these values, the predicted electrical power values were calculated in case the distance between the treated
wastewater falls and the turbine where electricity generation took place was 3 meters. According to study total predicted wastewater
would be 4.16 (2018) and 5.89 (2025) billion m3. Total cities’ predicted lighting energy consumption in Turkey would be 4429.2
GWh (2018) and 4941.5 GWh (2025). And yearly predicted electricity generation from wastewater treatment plant hydroelectric
would be 28.51 GWh (2018) and 38.53 GWh (2025).
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1. Introduction

Global demand for electrical energy is constantly increasing. The trend in the world is that the demand for electrical energy in
developing countries is increasing faster than supply (Nimje and Dhanjode, 2015). The main reasons for the increase in demand faster
than supply can be shown as population growth, climate change, economic development and increasing electricity energy deficit. In
order to meet this energy deficit, it may be possible to provide renewable energy sources such as wind, solar, biomass and hydro, which
are free and abundant in nature. In the hydrological cycle, atmospheric water reaches the earth's surface as precipitation. Besides the
water resources, the water supplied from the clean water sources are discharged as domestic wastewater after being used for humanistic
needs (Hydroelectric-4, 2019, Baran, 2019).

There are two types of energy in running water. One is kinetic energy, the other is potential energy. Depending on the type of hydraulic
plants, one of these two energy types is used to generate electricity. The incoming water falls on the blades of the turbine which can
make the rotation. Electrical energy is generated by rotating the electric generators where the shaft of the turbine is generated. The
generated electrical energy is then transmitted to the transformers to be connected to the main grid (Hydroelectric-3, 2019).
Hydroelectric power plants are classified according to the size of the electrical power they generate. Large power plants can generate
between 30 MW and 100 MW. Small hydroelectric plants can generate power between 100 kW to 1 MW. Moreover, micro-
hydroelectric power plants can generate electricity between 5 kW and 100 kW. The smallest hydropower plants are pico-hydropower
plants capable of generating a maximum of 5 kW (Yah et al., 2017). Micro-hydroelectric turbines are generally used in the generation
of electricity from the discharged wastewater of wastewater treatment plants.

Numerous works associated with hydroelectric from wastewater treatment plant. A study by Bousquet et al. (2017) had presented a
method to assess the hydroelectric potential of wastewater treatment plants. They had developed a two-step algorithm. The first stage
included the prediction of the annual electricity consumption in the selected region and the second stage the studies on the feasibility
of each plan considering the investment costs and local electricity sales. At the end of the study, nineteen regions with a total of 9.3
GWhl/year energy generation potential were identified. Ak et al. (2017) had aimed to find the most suitable sustainable hydroelectric
technology. A total of six criteria were evaluated, including investment cost, repayment period, power generation performance,
construction time and ventilation capacity. With the fuzzy logic tool, the satisfaction of each criterion was estimated separately. In the
study had conducted by Gu et al. (2017) energy consumption and recovery in wastewater treatment plants were analyzed. The
differences between the self-sufficiency of the energy generated in wastewater treatment plants in different regions around the world
and the current energy consumption were analyzed. In the study had conducted by Zhou et al. (2017) potential regions, turbine selection
and project costs for very low head energy sources were investigated. The performance of a newly designed micro-hydroelectric system
for wastewater treatment plants with large fluctuations in flow was measured by Chae et al. (2015) As a result of the test, it was found
that the new system obtained 1.78-22.80 times more electricity at both flow rate and net height. In the study had conducted by Power
et al. (2014) an evaluation method was developed to estimate the potential power outputs and the payback times of the hydroelectric
energy recovery programs. A sensitivity analysis was performed to demonstrate the effect of changes in current, turbine selection and
electricity prices on power output. In the study had conducted by Kose et al. (2013) a hybrid system consisting of wind and hydroelectric
power plants was analyzed to meet the energy demand of Konya water treatment plant. In addition to 250 kW HEPP and 250 kwW WPP,
two 250 kW or one 500 kW wind turbines were added to the HEPP in order to meet the electrical energy requirements of the Konya
water treatment plant. In this case, the energy demand of the power plant could be met with HEPP for 10 months per year. It had
concluded that a WPP was required to provide uninterrupted energy. In the study conducted by Frijns et al. (2013) municipal wastewater
was evaluated as a source of chemical energy. A study was conducted by Kollmann et al. (2017) on the supply of surplus energy in
wastewater treatment plants to the main distribution network to supply to external consumers. Tamrakar et al. (2015) had conducted a
study on the applicability of micro hydroelectric power plant to domestic needs. With the simulations, suggestions had been made
regarding the applicability of small hydroelectric power plants to domestic. Berger et al. (2013) had conducted a study on the constraints
that should be taken into account, especially for small hydropower plants for energy recovery and storage of energy. The results had
showed that some sewer structures may be suitable for energy recovery. In a study by Abbas et al. (2018) a study was conducted to
assess how much savings would be achieved if a hydro turbine was used in a wastewater treatment plant. For this purpose, a
computational fluid dynamics software was applied. As a result, savings were estimated to be 1,564 MWh/year.

In this study, considering all wastewater treatment plants in Turkey, a study had been made with the energy that could be obtained
from these meets the lighting energy demand of all cities. Firstly, predicted amount of electrical energy that could be derived from
wastewater treatment plants located in seven geographical regions of Turkey were calculated. Then, the predicted amounts of electricity
consumed in the province lighting in the same regions were calculated. A prediction study was carried out on the extent to which this
generation would meet the demand energy of the province lighting. For this purpose, population, treated wastewater amount and
consumed lighting energy values for each region up to 2018 were obtained from Turkey Statistical Institute (TUIK) and Republic of
Turkey Energy Market Regulatory Authority (EPDK). These data until 2025 were predicted by using curve fitting program written in
Matlab environment. According to these flow rates, the total micro-hydroelectric energy values which could be generated from
wastewater treatment plants with a height of 3 meters were calculated. By using these predicted values, the ratio of micro-hydroelectric
generation obtained from wastewater treatment plants to province lighting electricity consumption was calculated for each region. In
this study, unlike other studies, the curve fitting method written in Matlab environment was used to obtain predicted values of
population, treated wastewater and lighting energy consumption parameters. In addition, a study was conducted on the use of electrical
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energy to be obtained from treated wastewater in urban lighting. The wastewater from wastewater treatment plants is generally
discharged directly to the receiving environment without being used for any other purpose. With this study, it was thought that this
wastewater, which was discharged into the receiving environment, would guide local administrations in terms of giving an idea about
the use of lighting energy of cities.

The next part of the study after this stage consists of four parts. The second section is the materials and method section. In this section,
curve fitting method was explained. Predicting of population, treated wastewater and lighting consumption energy were made for seven
geographic regions. The third section is the results and discussion section, and the electrical energy calculations that could be generated
from wastewater had been made for 3 meters head height. In addition, the ratio of these energies to meet the lighting energy
consumption of each region had been predicted. In the conclusion section, the results obtained in the study were compared.

2. Materials and Method

2.1. Curve Fitting

The data generated in experimental studies are generally point-based. A continuous function cannot be obtained. In this case the data
is given as point pairs with (X1,y1), . . . ,(Xn,Yn). Curve fitting is the function that gives the least incorrect curve in distance to the current
values (Curve Fitting, 2018). This method is intended to find an appropriate curve equation that best represents the relationship between
the two variables. In this study, polynomial equations were obtained by using the curve fitting algorithm which was written in Matlab
environment and using the current population (2007-2018), the amount of treated wastewater (2001-2016) and lighting energy
consumption values (2000-2017) of seven geographical regions has taken from TUIK (TUIK, 2019). With these equations, predictions
were made between 2018 and 2025 of population, consumption of wastewater and lighting energy consumption values. The general
steps of the program in Matlab environment for obtaining the predicted values were as Figure 1:

Calculate the average value:
Population
Treated wastewater
Electricity consumption used in lighting

Calculate
The sum of squares of differences

!

Apply
4th degree polynomial fitting

!

Obtain
Predicted values

.

Plot graph

Figure 1. Flowchart used to obtain predicted values
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2.2. Population
Turkey has seven geographical regions. When the first part of population values (2007-2018) in Table 2 were entered into the curve
fitting algorithm created in Matlab environment for seven geographic regions, the graphs were obtained as in Figure 2.
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Figure 2. Population results of curve fitting for seven geographic region

Population equations by year for each region and the R-squared values obtained were as in Table 1.

Table 1. Population equations by year for each region and the R-squared values

Region Population Equation (by year) R-square
Marmara 4.149x105xyear-8.118x108 0.9974
Aegean 1.082x10°xyear-2.078x108 0.9915
Mediterranean 1.376x10%xyear-2.673x108 0.9968
Central Anatolian 1.565%10%xyear-3.023x108 0.9965
Black Sea 3.530x10%xyear-6.411x107 0.8107
East Anatolian 2.878x10%*xyear-5.206x107 0.9317

Southeast Anatolian 1.504x10%xyear-2.946x108 0.9982

By using these equations, when the population predicts were made between 2019 and 2025 for each region separately, the values in
the second part (2019-2025) of Table 2 were obtained. While values between 2007 and 2018 were the current population values, the
values between 2019 and 2025 were predicted population values.

Table 2. Current and predicted population values of seven geographic regions between 2007 and 2025 (TUIK, 2019)

. Central Black Eastern South
Years Marmara Aegean  Mediterranean . . Eastern Turkey
Anatolian Sea Anatolian .
Anatolian
2007 20995367 9299322 8906427 11877503 6642206 5694582 7170849 70586256
2008 21313665 9384848 9050691 12004736 6668165 5744243 7350752 71517100
2009 21655690 9517153 9252902 12187872 6723050 5761752 7462893 72561312
2010 22158568 9693594 9423231 12346517 6733081 5775225 7592772 73722988
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Table 2 (cont.). Current and predicted population values of seven geographic regions between 2007 and 2025 (TUIK, 2019)

. Central Black Eastern South
Years Marmara Aegean Mediterranean Anatolian Sea Anatolian Eastern Turkey
Anatolian
2011 22663679 9687692 9495788 12500220 6697209 5863508 7816173 74724269
2012 23024533 9779502 9611007 12610403 6736786 5906680 7958473 75627384
2013 23486223 9897313 9766093 12758430 6756889 5906564 8096352 76667864
2014 23892868 10023549 9906771 12908583 6785785 5927630 8250718 77695904
2015 24357131 10138132 10039939 13070497 6808188 5941626 8385540 78741053
2016 24715319 10265111 10182776 13258256 6945732 5938790 8508887 79814871
2017 25119207 10383963 10303984 13424410 6951130 5962666 8665165 80810525
2018 25346380 10514200 10461409 13650496 7124918 6058499 8847980 82003882
2019 25883100 10655800 10514400 13673500 7160700 6046820 9057600 82991920
2020 26298000 10764000 10652000 13830000 7196000 6075600 9208000 84023600
2021 26712900 10872200 10789600 13986500 7231300 6104380 9358400 85055280
2022 27127800 10980400 10927200 14143000 7266600 6133160 9508800 86086960
2023 27542700 11088600 11064800 14299500 7301900 6161940 9659200 87118640
2024 27957600 11196800 11202400 14456000 7337200 6190720 9809600 88150320
2025 28372500 11305000 11340000 14612500 7372500 6219500 9960000 89182000

According to the data in Table 2, the population growth rate from 2018 to 2025 had been predicted 11.94% in Marmara Region, 7.52%
in Aegean Region, 8.40% in Mediterranean Region, 7.05% in Central Anatolia Region, 3.48% in Black Sea Region, 2.66% in Eastern
Anatolia Region and 12.57% in Southeast Anatolia Region and 8.75% in Turkey. It had been predicted that the highest population
growth rate would be in Southeastern Anatolia Region and the lowest population growth rate would be in Eastern Anatolia Region.

2.3. Treated Wastewater
Similarly, when the first part of wastewater values (2001-2016) in Table 4 were entered into the curve fitting algorithm created in
Matlab environment for seven geographic regions, the graphs, polynomial equations and R-square values for each region were obtained

as in Figure 3.
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Figure 3. Treated wastewater results of curve fitting for seven geographic region
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Treated wastewater equations by year for each region and the R-squared values obtained were as in Table 3.

Table 3. Treated wastewater equations by year for each region and the R-squared values

Region Treated Wastewater Equation (by year) R-square
Marmara 8.241x10*xyear-1.644x108 0.9819
Aegean 2.058x10%xyear-4.093x107 0.9874
Mediterranean 2.655x10*xyear-5.305x107 0.9782
Central Anatolian 2.375x10%xyear-4.728x107 0.8678
Black Sea 1641x(year)-6.581x10%xyear+6598114482  0.9377
East Anatolian 5002xyear-9.962x10° 0.7482
Southeast Anatolian 6566xyear-1.304x107 0.8520

Predictions of treated wastewater from Turkey's seven geographical regions of the 2017-2025 year has been made. While making these
predicts, the equations in Figure 3 were used. The values obtained were as in Table 4. While the values between 2001 and 2016 indicate
the current treated wastewater values, the values between 2017 and 2025 indicate the wastewater values to be predicted.

Table 4. Current and predicted flow rates (thousand m3/year) (TUIK, 2019)

. Central Black Eastern South

Years Marmara Aegean Mediterranean Anatolian Sea Anatolian Eastel_'n
Anatolian

2001 443997 250993 78701 227225 56608 39177 97274
2002 476610 282251 88961 246079 69162 44468 104848
2003 626858 299112 106530 332655 71339 45094 104962
2004 765502 310584 196587 335317 71895 76831 144324
2006 964083 353837 223859 318654 51650 98113 130299
2008 1045657 372746 275318 301054 45722 93218 117866
2010 1216165 422409 330865 422770 97791 85251 143900
2012 1452853 471096 392296 568683 130831 79885 161336
2014 1539042 539509 397308 560458 153019 102859 191592
2016 1627680 562034 475663 571314 262578 135643 207437
2017 1820970 579860 501350 623750 299731 127034 203622
2018 1903380 600440 527900 647500 340166 132036 210188
2019 1985790 621020 554450 671250 383883 137038 216754
2020 2068200 641600 581000 695000 430882 142040 223320
2021 2150610 662180 607550 718750 481163 147042 229886
2022 2233020 682760 634100 742500 534726 152044 236452
2023 2315430 703340 660650 766250 591571 157046 243018
2024 2397840 723920 687200 790000 651698 162048 249584
2025 2480250 744500 713750 813750 715107 167050 256150

When Table 4 was analyzed, the predicted increase rate in the amount of wastewater treated from 2016 to 2025 could be seen. The
predicted increase rates were as 52.38% in Marmara Region, 32.47% in Aegean Region, 50.05% in Mediterranean Region, 42.44% in
Central Anatolia, 172.34% in Black Sea Region, 23.15% in Eastern Anatolia Region and 23.48% in Southeast Anatolia Region. The
highest increase in the amount of wastewater was predicted to be in the Black Sea region and the lowest increase rate of wastewater
would be in the Eastern Anatolia Region. When Table 2 and Table 4 were compared, it had seen that the increase in the amount of
wastewater to be treated would increase to a very high value of 172.34% in 2025 in the Black Sea Region. It was observed that the rate
of increase in population growth rate and the increase in the amount of wastewater to be increased in Eastern Anatolia Region had the
lowest rate among the seven geographical regions. In addition, the rate of increase in the amount of treated wastewater would be much
higher than the population growth rate in all regions. The equations of prediction of the wastewater amounts to be treated according to
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the population of seven geographical regions between 2018 and 2025 were obtained as at Table 5 with the curve fitting algorithm
applied in Matlab environment. In these equations, TWW stands for Treated Wastewater (thousand m®) and P stands for population.

Table 5. Treated wastewater equations by population for each region and the R-squared values

Region Treated Wastewater Equation (by population)

Marmara 193.7xpopulation — 3.019x10°
Aegean 0.1852xpopulation -1.35x10°
Mediterranean 0.2022xpopulation -1.577x10°
Central Anatolian 0.1615xpopulation -1.543x10°
Black Sea 1.516xpopulation -1.047x107

East Anatolian 0.1902xpopulation -1.015x10°

Southeast Anatolian 0.04218xpopulation -1.645x10°

2.4. Lighting Consumption Energy

Lighting is the applied light to see the objects in a region and the environment of these objects. Lighting in cities is of great importance.
The biggest aim of lighting in the cities is to make streets bright. Besides, the fact that a province is bright at night allows the values
such as the historical monuments belonging to that province to be visible at night. The energy used for lighting purposes in Turkey
corresponds to 2.62 % of the total electrical energy consumed. This ratio had been obtained from the average of the energy consumption
percentages (TUIK, 2019) of 48 years between 1970 and 2017. Considering the lighting consumption data the years 2000 and 2017
(TUIK, 2019), total consumption values between 2018 and 2025 were obtained by using curve fitting algorithm written in Matlab
environment. This curve was a curve of total electricity consumption in Turkey. The graph showing this curve was as in Figure 4. In
the resulting polynomial equation, the R-square value was 0.9874 and the equation was “Lighting Energy Consumption = 8791 * year-
1,749 * 107
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Figure 4. Total electricity consumption (Turkey)

Figure 4 shows the values of total electricity consumption in Turkey. However, in this study, it is necessary to find out how much
electricity is consumed for lighting purposes. For this, the percentages rate of the data in Table 6 were used. In order to find out how
much of the total electrical energy consumed between 2018 and 2025 was used in lighting, “Forecast Sheet” application in Excel was
used. Percentiles of the years 2018-2025 have been found through this application. The energy consumed with the aim of lighting
between the years 2018 and 2025 was found by the ratio of total consumed energies to these percentages. However, in this study, it
was necessary to rate the total lighting energies according to regions as seven geographical regions were studied.
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Table 6. Total consumed electrical energy values and electrical energy values consumed with the purpose of lighting (TUIK, 2019)

Lighting L Lighting S

Year Conllo;\a;tion Consumption Cohls,%r:‘gpr)lgon Year Con;ruor;apl)tion Consumption Colals%rmggon

(GWh) Perfff/”tage (MWh) (GWh) Percentage (MWh)

0) (%)

2000 98296 4.6 4521616 2013 198045 1.9 3762855
2001 97070 5.0 4853500 2014 207375 1.9 3940125
2002 102948 5.0 5147400 2015 217312 1.9 4128928
2003 111766 45 5029470 2016 231204 1.8 4161667
2004 121142 3.7 4482254 2017 249023 1.8 4482407
2005 130263 3.2 4168416 2018 250238 1.8 4429213
2006 143071 2.8 4005988 2019 259029 1.7 4507105
2007 155135 2.6 4033510 2020 267820 1.7 4579722
2008 161948 25 4048700 2021 276611 1.7 4647065
2009 156894 2.5 3922350 2022 285402 1.7 4709133
2010 172051 2.2 3785122 2023 294193 1.6 4765927
2011 186100 21 3908100 2024 302984 16 4817446
2012 194923 2.0 3898460 2025 311775 1.6 4863690

Then, consumption values of each province were obtained as percentage using lighting consumption data covering three years (2015-
2017) of 81 cities from EPDK Electricity Market Development Reports (EPDK, 2019). For each province, the lighting consumption
amounts between 2018 and 2025 were calculated using these lighting consumption percentages. The “Forecast Sheet” application was
also used in Excel. The values obtained in Table 6 were applied to the provinces and the lighting consumption values of the 81 provinces
between 2018 and 2025 were found. Then, energy consumption values of the cities in each geographical region were collected and
total energy consumption of the regions were obtained. At the end of these studies, the current (2015-2017) and predicted (2018-2025)
lighting energy consumption values obtained for the seven geographical regions were as in Table 7.

Table 7. Current and predicted lighting energy consumption values between 2015 and 2025 (EPDK, 2019)

Current Lighting Consumption Predicted Lighting Consumption (MWh)
Region/Year (MWh)
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Marmara 10014219 10303972 10259837 10439655 1054275 1062953 1070219 1075632 1079959 1082962 1084603
Aegean 8747845 6088212 6352010 6342633 6342128 6329176 6352538 6320316 6276726 6320489 660002.7
Mediterranean ~ 482066.8 5544019 5277575 5532087 568859.8 5843725 5990067 6136660 627672.6 640720.3 653679.9
:ﬁ:gﬁ; 8175003  823669.7 8495134  859710.2 8685822 8761008 882477.6 8877375 8917049 8945997 896378.1
Black Sea 659570.4 6675705 6812383 6838705 6851431 6892482 692877.4 6951340 6824807 688894.8 696966.8
Eg;:g:?a 2682027 2653912 3085063 3060586 308799.8 3114211 3132122 3151069 315981.0 316987.9 3171126

South Eastern

Anatolia 205919.7  267963.4  309047.3  348136.1  387223.4 427288.1 467959.4 508652.3 549988.0 5915824 632766.1

When Table 7 was examined, it has been see that the highest energy consumption was in Marmara Region and the lowest in Eastern
Anatolia Region. When 2017 year compared with 2025 year, it has been see that the lighting energy consumption increased as 5.71%
in the Marmara Region, 3.9% in the Aegean Region, 23.86% in the Mediterranean Region, 5.52% in the Central Anatolia Region,
2.31% in the Black Sea Region, 2.79% in the Eastern Anatolia Region and 104.75% in the Southeastern Anatolia Region. The lowest
lighting consumption energy prediction was realized in the Black Sea Region. When Table 2 and Table 7 were compared, it has been
see that the amount of lighting energy consumption lags behind population growth rate in Marmara, Aegean, Central Anatolia and
Black Sea Regions. In the Mediterranean, Eastern Anatolia and Southeastern Anatolia Regions, it has been see that lighting energy
consumption rates were obtained at rates above the population increase. The equations of prediction of the lighting consumption
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amounts of the seven geographical regions between the years 2018 and 2025 were obtained as at the Table 8 with the curve fitting
algorithm applied in Matlab environment. In these equations, IEC stands for Lighting Energy Consumption (MWh) and P stands for
Population.

Table 8. Lighting consumption energy equations for each region by population

Region Lighting Consumption Energy (by population)

Marmara 0.01363xpopulation + 7.025x10°

Aegean 0.01582xpopulation + 4.632x10°
Mediterranean 0.1092x population -5.823x10°
Central Anatolian 0.0349x population + 3.907x10°

Black Sea 0.03214x population + 4.564x10°

East Anatolian 0.05851x population + 4.524x10*
Southeast Anatolian 0.2617x population -1.978x10°

2.5. Hydroelectric Generation

Hydropower is the force generated by the movement of water bodies. There must be three things to generate hydropower. These are
flowing water, hydraulic turbines and generators. The hydraulic turbine converts the energy of flowing water into mechanical energy
by turning the impeller of the hydraulic turbine connected to a generator. The generator converts this mechanical energy into electrical
energy. When a magnet passes through a conductor, it causes the flow of electrons. Thus, electricity generation is realized. In a large
generator, electromagnets are formed by circulating direct current through wire rings wrapped around magnetic steel lamination stacks
known as field posts. When the rotor rotates, it causes the field poles to cross the conductors mounted on the stator. This leads to
electrical output and voltage to the generator output terminals (Hydroelectric-1, 2019, Hydroelectric-2, 2019). The natural technical,
economic and environmental benefits of hydroelectric energy are thought to make a significant contribution to the future energy of the
world, especially in developing countries. Hydroelectric power is one of the renewable energy sources that are of great importance in
the world's total electricity supply. Hydropower is both a natural energy source and economic. Hydroelectric power plants can help
balance supply and demand in electrical energy. They can also play a stabilizing role in the event of interruptions in electricity
generation, such as wind and solar energy. Hydropower is associated with the flow of water and the flow of water is the fuel of a
hydroelectric power plant (Zhou et al., 2015, Manzano-Agugliaro et al., 2017). The power generated by a turbine was calculated used
Equation (1) (Nasir, 2014).

P, = p x g * H, * Q = n.(watt) 1)

where the P, is the power generated on the turbine shaft,
p, water density (1000 kg/m?),

H,, net height (m),

Q, water flow rate (m?/s),

g, gravitational acceleration constant (9.8 m/s?)

n;, turbine efficiency (80-90%)
3. Results and Discussion

3.1. Case Study (Head Height is 3 meters)

Equation (1) was used to calculate the amount of energy that can be generated according to the amount of treated wastewater to be
passed to the wastewater treatment plants. In this study, n_ is the efficiency coefficient and it was accepted as 0,80. According to this,
using the flow values in Table 4, the power values obtained in Marmara Region for 2017 at a height of 3 meters were obtained as
follows:

E:=1359.49 kWh (hourly),
E¢=32627.76 kWh (daily),
E¢=11909132.4kWh (yearly),
E¢=0.0119 TWh (yearly),
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Similarly, if the predicted electricity generation values of both the other regions and the following years were calculated, the power
values in Table 9 were obtained. Accordingly, the predicted annual electricity generation values that can be obtained from wastewater
treatment plants in each region between the years of 2017 and 2025 in Turkey at Table 9.

Table 9. Predicted power values for the coming years at a height of 3 meters (Regional)
Predicted Power (TW/year)

Years Marmara Aegean Mediterranean ~ Contral Black Sea Eastern South Eastern
Anatolia Anatolia Anatolia
2017 0.0119 0.0038 0.0033 0.0041 0.0020 0.0008 0.0013
2018 0.0124 0.0039 0.0035 0.0042 0.0022 0.0009 0.0014
2019 0.0130 0.0041 0.0036 0.0044 0.0025 0.0009 0.0014
2020 0.0135 0.0042 0.0038 0.0045 0.0028 0.0009 0.0015
2021 0.0141 0.0043 0.0040 0.0047 0.0031 0.0010 0.0015
2022 0.0146 0.0045 0.0041 0.0049 0.0035 0.0010 0.0015
2023 0.0151 0.0046 0.0043 0.0050 0.0039 0.0010 0.0016
2024 0.0157 0.0047 0.0045 0.0052 0.0043 0.0011 0.0016
2025 0.0162 0.0049 0.0047 0.0053 0.0047 0.0011 0.0017

When the amount of electrical energy obtained from wastewater treatment plants in Table 9 was examined from 2017 to 2025 years, it
was seen that the highest power generation was in Marmara Region and the lowest power generation was in Eastern Anatolia Region.
When the electrical power values that could be obtained from wastewater treatment plants were examined between the years of 2017
and 2025, it had been see that there were increases in different rates in each region. These increase rates were 36.13% in Marmara
Region, 28.95% in Aegean Region, 42.42% in Mediterranean Region, 29.27% in Central Anatolia Region, 135% in Black Sea Region,
37.5% in Eastern Anatolia Region and 30.77% in Southeast Anatolia Region. It was predicted that the highest annual increase rate
would be in the Black Sea Region and the lowest annual average rate of increase would be in Aegean Region. At the end of all these
studies, the values of Figure 5 would be obtained by examining the ratio of electricity energy generated from wastewater treatment
plants in each region to the ratio of energy consumption of lighting in that region. Figure 5 shows these coverage rates for both 2018
and 2025.

01
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Figure 5. The coverage ratio of wastewater treatment plant hydroelectric generation to urban lighting consumption energy as
regional (for 2018 and 2025)
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In 2018, the highest coverage rate was realized in Marmara Region, while the lowest coverage rate was in Eastern Anatolia. In 2025,
the highest coverage ratio was in the Marmara Region while the lowest coverage rate was in Southeastern Anatolia. From 2018 to
2025, the coverage ratio of wastewater treatment plant hydropower to lighting consumption increased up to 0.31% difference Marmara
Region. When other regions were examined, respectively, 0.19% in Aegean Region, 0.09% in Mediterranean Region, 0.10% in Central
Anatolia Region, 0.38% in Black Sea Region and 0.05% in Eastern Anatolia Region. In the Southeastern Anatolia Region, it decreased
up to 0.13%. It was predicted that the highest increase would be realized in Black Sea Region from 2018 to 2025.

In this study, unlike other studies, the curve fitting method written in Matlab environment was used to obtain predicted values of
population, treated wastewater and lighting energy consumption parameters. In addition, a study was conducted on the use of electrical
energy to be obtained from treated wastewater in urban lighting. Chae et al. (2015) calculated an annual electricity generation of 68.1
MWh in a municipal WWTP for 4.3 meters of head height. In this study, in the calculations made for 2018 at a height of 3 meters, an
annual electricity generation of 2200 MWh for the Black Sea region was calculated. There are 18 provinces in the Black Sea region.
The average corresponds to 122 MWh of electrical energy for each province. It was seen that the calculations made were compatible
with each other.

4. Conclusions

This study primarily was conducted both hydroelectric generation predicts of wastewater treatment plants in Turkey and total lighting
energy consumption values of the cities in each region were predicted. Then, the coverage ratio of these predicted values to each other
was determined. For these, predictions were made separately for Turkey's seven geographical regions. In studies, it was assumed that
head height 3 meters. With the data obtained, the coverage ratio of the electricity generation of the wastewater treatment plant in each
region to the urban lighting consumption was obtained. When the amount of electrical energy obtained from wastewater treatment
plants was examined from 2017 to 2025 year, it has been seen that the highest electrical energy generation was in Marmara Region and
the lowest electrical energy generation was in Eastern Anatolia Region. In the period from 2017 to 2025 year, it was predicted that
electricity generation rates would increase by 36.21% in Marmara Region, 28.39% in Aegean Region, 42.37% in Mediterranean
Region, 30.46% in Central Anatolia, 138.58% in Black Sea Region, 31.50% in Eastern Anatolia Region and 25.80% in Southeast
Anatolia Region When the annual increases were examined, the highest average increase was 11.49% in the Black Sea Region and the
lowest average increase was 2.91% in Southeastern Anatolia Region. When both the annual increases and the years between 2018 and
2025 were compared, it has been seen that the most remarkable rate of increase has been in the Black Sea region.

Significant results were also obtained in the study on the rate of electrical energy generated from wastewater treatment plants in a
region to cover the total lighting energy consumed in the cities in that region. According to these results, the highest coverage ratio in
2018 was realized in Marmara Region, while the lowest coverage rate was in Eastern Anatolia. In 2025, the highest coverage ratio was
in the Marmara Region while the lowest coverage rate was in Southeastern Anatolia. From 2018 to 2025 year, the coverage ratio of
wastewater treatment plant hydropower to lighting consumption increased by 0.31% difference Marmara Region. When other regions
were examined, respectively, 0.19% in Aegean Region, 0.09% in Mediterranean Region, 0.10% in Central Anatolia Region, 0.38% in
Black Sea Region and 0.05% in Eastern Anatolia Region. In the Southeastern Anatolia Region, it decreased by 0.13%. It was predicted
that the highest increase would be realized in Black Sea Region from 2018 to 2025. However, some characteristics of the system
(changes in flow rate, climate etc.) were not modeled in the prediction model here. There may be some deviations in the predictions
depending on these characteristics which were not considered. Accordingly, considering the predicted electricity generation values
obtained from this study, it can be considered as a secondary source for meeting the future electricity needs of cities.
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