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Abstract

Viable renewable energy sources must be low-cost, easy to install, clean, and reliable if
they are to meet the energy demand of urban or rural areas. Water is able to provide effi-
cient sources of electrical energy among alternative renewable energy sources. Using mod-
ern hydraulic techniques, drinking water can be transported to the areas where it is needed.
Studies on obtaining energy from drinking water networks are quite limited. Although not
as necessary as water in terms or human health, electrical power is still critically important
in many applications (lighting, heating, cooling, etc.). Consequently, many countries are
developing energy using various renewable energy sources. In this study, a water distribu-
tion network in the Armagan Village of Macka district of Trabzon province were used to
obtain electrical energy. There are 47 pressure breaking valves (PBVs) in this network and
the broken energy height is 236.35 m. The same energy loss can be achieved by installing
microturbines instead of PBVs, and electricity generation can thus be achieved with a clean
energy source. It was found that 84.12kWh of energy was obtained from each PBV, with a
total of 3950kWh. The most suitable microturbine was selected according to sound micro-
turbine selection criteria. From this study, it is revealed that electricity can be produced by
using a Microturbine instead of Pressure Breaker Valves (PBVs).
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1 Introduction

Increasing energy costs and climate change has left industrialized and industrializing
countries in a difficult situation regarding their future energy sourcing. This situation has
pushed countries to seek energy production from renewable energy sources. Producing
electrical energy by utilizing the energy of water is potentially an economical and environ-
mentally renewable energy source. It has been observed that a mere 1% increase in renew-
able energy usage leads to a consequential reduction in CO, emissions by 0.14% in the
long run (Raihan et al. 2022). After the Paris Agreement was signed, many countries made
a commitment to reduce their greenhouse gas emissions to combat climate change. This
led to a greater focus on the need for clean energy sources with low carbon footprints. One
clean energy source is hydropower, which has emerged as a popular and viable solution for
generating electrical energy (Yazdi and Moridi 2018). Other research has been produced
that deals with the preservation of the environment and the generation of energy (Abdelza-
her 2021, 2022; Elkhouly et al. 2022; Abraham et al. 2022) and the cost-benefit analysis of
various social actions.

Hydroelectric systems are systems that generate electrical energy by utilizing the
energy of water. Microturbines are rotated with the kinetic energy generated ultimately
by the potential energy of flowing water and electricity power is produced by the genera-
tor connected to the microturbines. In hydraulic microturbines, the speed and pressure of
the water passing through the microturbine wheel converts the rotating microturbine shaft
into mechanical energy. They can be divided into different classes according to operating
modes, construction styles, water height (head), and the direction of the water flow in the
shaft. Sometimes, hydraulic microturbines can be divided into high-pressure microturbines
and free-jet microturbines. The microturbine outlet may be above atmospheric pressure, or
it may be at a lower than atmospheric pressure to increase efficiency. In free-jet microtur-
bines, the pressure coming into the microturbine and the pressure leaving the microturbine
are equal to the atmospheric pressure. Here, the potential energy of the water is first con-
verted into kinetic energy and then subsequently into mechanical energy.

The efficiency of microturbines is related to their design and they are designed accord-
ing to head and flow. The specifics of the application affect which type of microturbine
should used where and are critical to the design of the entire microturbine system. Oga-
yar and Vidal (2009) analyzed the costs for small scale hydropower, which are distributed
among civil work (40%), microturbine (30%), electro-mechanical and regulation equip-
ment (22%), and construction management (8%). Kosnik (2010) developed an economic
analysis based on several small plants with a non-linear relationship between the cost of
implementation and installed power (small, micro, or pico).

Energy recovery to harness the power dissipated by valves (in pressurized flows) or
hydraulic jumps (in open channels) is becoming common in fluid distribution channels
(Pérez-Sanchez et al. 2017; Daneshfaraz et al. 2022). The use of water microturbines
instead of pressure-breaking valves (PBVs) or nozzles in water distribution networks gen-
erate energy in this way and reduce water losses. Thus, while PBVs reduce the pressure by
reducing the energy, hydraulic microturbines also remove energy from the fluid. In other
words, microturbines reduce the pressure in the water network and generate electricity.

Spénhoff (2014) performed a worldwide projection of the installed capacity of renew-
able energy for the United States Energy Information Administration. Hydropower was the
largest renewable source of energy in the period 2004-2010, and it will probably have the
highest installed capacity in 2035.
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As mentioned earlier, the working principle of water microturbines is to convert the
potential energy of the water first into kinetic energy and then the kinetic energy into
mechanical energy and transfer it to the generator via the microturbine shaft. The shaft
generates electrical energy by rotating the generator shaft. This generated energy can be
connected to the electricity grid or stored for later use.

Williams (1996) carried out a research in Blackpool, England where small micro-
turbine pumps (PAT—Pump as Microturbine) were used for hydroelectric production
in water distribution networks. Fontana et al. (2012) conducted a similar study in Italy
using micro-hydropower (MHP) technology in water pipelines and other water infra-
structure. Potential of this application was also demonstraed by Gaius-obaseki (2010).
At points of high excess pressure, energy may be recovered using MHP technology
without interfering in the water supply service (McNabola et al. 2011). Corcoran et al.
(2013) conducted studies on water distribution networks in Ireland and England. In
the study where 95 potential areas were determined They calculated the annual energy
produced with system efficiencies of 65%. Kaplan microturbine between Francis and
fixed blade microturbines was the most efficient microturbine for a range of flow rates.
McNabola et al. (2014) investigated the economic and technical aspects of energy pro-
duction by using microturbines in water distribution networks together with drains in
Ireland. They produced 13 kW of energy in a financially viable manner. They showed
that 1350 tons of CO, emission savings can be achieved annually by using 10 nozzles
and microturbines. Pérez-Sanchez et al. (2017) investigated hydraulic energy generation
in drinking and irrigation water networks through an extensive review and analyzed the
economic and environmental implications of large and small hydropower systems and
how hydropower can be applied in water distribution networks.

Itani et al. (2020) investigated energy recovery using water turbines in water trans-
mission pipelines. They simulated an existing water pipeline under several velocity sce-
narios. They showed that a large amount of energy can be recovered by installing Pelton
turbines. Postacchini et al. (2020) conducted a laboratory investigation using a pump as
a turbine. Their results confirm the good performance of the PAT system when the rota-
tional speed and water demand are greater than 850 rpm and 8 1/s, respectively. Alnagbi
et al. (2022) investigated the application of hydropower generation and pumped hydro-
power storage in the Middle East and North Africa. The results showed that in all the
countries that have been investigated, pumped hydro storage (PHS) will play a central
role in the stability of the energy supply and the adoption of renewable energies.

Energy is one of the most basic prerequisites for economic and social development
of countries around the world. Demographic changes and urban growth have caused an
increase in energy demand and rapid expansion in the consumption of resources. While
the methods of energy supply and production are the determining factors for pollution,
the rapid depletion of non-renewable energy sources and the increase in pollution have
caused various environmental costs. Today, with increasing need for energy, new and
small-scale energy sources should be evaluated. The review of the research background
showed that no study has been performed on use of microturbines instead of pressure
breakers. Microturbines reduce the water pressure and produce clean energy from low
flow. The use of small hydroelectric facilities in water supply systems is prefered due
to its low cost. Therefore, the current study focuses on the potential for using drinking
water networks as a source of clean-energy production. This investigation improves the
design of hydraulic control structures and protects the environment by producing clean
and renewable energy.
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2 Matenals and Methods

Use of microturbines vary according to the size of the hydraulic head and the water flow
passing through the microturbine. Selection of the microturbine depends on a variety of
factors including the specific speed, the water flow rate to the microturbine, and the num-
ber of revolutions. In Fig. 1, the Kaplan microturbine and its structure, the diagram of the
turbine, and the schematic view of the clean energy production are shown. Proper micro-
turbine choice can improve overall efficiency of the system. The net head is obtained by
subtracting the vertical distance from the water source to the microturbine from the hydrau-
lic losses. These losses are due to friction and minor losses in the pipe, elbows, and valves.
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Fig.1 The view of a) Kaplan microturbine structure (Topliceanu et al. 2016), b) diagram of Kaplan micro-
turbine, ¢) clean energy production from drinking water network
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Fig.1 (continued)
The energy equation is expressed as:
L. V?
H=Hg_Z§=Hg_(O'5+k1+k2+k3+15)§ 1)

In Eq. (1), H represents the net head, H, the gross head, and X¢ the total losses. The terms
k;, ky, k; are the loss coefficients, 4 is the friction coefficient, L is the pipe length, D is the pipe
diameter, V is the velocity of the water and g is the gravitational acceleration. Figure 2 shows
the schematic representation of the flow system and various nomenclature.

The volumetric flow rate is calculated by:

0=VA )

Hg

Ho

Penstock

Discharge channel

Fig.2 Schematic representation of net-gross head
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Here, Q is the volumetric flow rate (m3/s), V is the water velocity (m/s), and A is the
cross-sectional area (m?).

The number of revolutions per minute required for a microturbine to produce 1 kW
of power under 1 m head is called the specific velocity of the microturbine and will be
denoted by n, later in this manuscript. Specific velocity, which is an important parameter in
determining the most suitable microturbine type, is frequently used in hydraulic machines;
the specific velocity is determined by the flow and head parameters.

"Drinking, Utilization, Industrial Water Supply, and Distribution Network Project Con-
struction Work", which was produced in 2020 by Trabzon Drinking Water and Sewerage
Administration (TDWSA) is affiliated with Trabzon Metropolitan Municipality. The pro-
ject was made by the Karakaya Group. The energy potential of the current drinking water
network lines was evaluated according to the flow rates and the incoming and outgoing
pressures of the PBVs without making any changes on the line. Microturbine selection cri-
teria were applied according to the head flow and specific velocity.

Only the network lines covering the 1st region main storage basin were used by the
Karakaya Group Drinking Water application project. This portion is located in the
Armagan Village of Macka district of Trabzon province.

Maslak was not used in the study area as the field conditions were not favorable, and a
proportional pressure breaker valve was used in the entire network. In addition, a parallel
line to the main line is planned before each pressure breaker valve so that the pressure did
not fall below 30 m.

In the project, 48 PBVs were utilized and one PBV was excluded from the study because
the data in the calculation table and the plan were incompatible. Therefore, a study was
conducted with 47 PBVs. The area is approximately 15 km away from Trabzon city center
and a Google Earth satellite image of the network line is given in Fig. 3. Figure 3 shows the
distributions of PPV in the plan.

Microturbine selection criteria were applied for electricity generation in drinking water
network lines. First, a microturbine selection was made based on both the head and flow
rate. These data were taken from the 1st Region Main Storage Network Calculation Table
in the Karakaya Group Drinking Water Project (Table 1). In Fig. 4, microturbines used in
hydroelectric facilities with different head and flow regions are shown.

For the head values, the pressure differences with the pressure at the PBVs are expressed
as Net Head. This enables the pressure damped in PBVs to be used in energy generation.
The discharge data for each pressure breaker valve are provided in Fig. 5. The highest flow
data occurred was 0.01134 m*/s PBV4 and the lowest at 0.00104 m?/s occued at PBV23.

The velocity data for each pressure breaker valve (PBV) are show in Fig. 6. Head height
decreases where velocity increases. As seen in Fig. 6, the maximum velocity is 0.9663 m/s
at pressure breaker valve 25 (PBV25) and the minimum velocity is 0.4259 m/s at pressure
breaker valve 18 (BV18). As in Fig. 7, it is seen that the pressures at the inlets to the pres-
sure breaker valve (PBV) are large, while the pressure values at the outlets are low. The
maximum pressure head 64.49 m before pressure breaker valve 4 (PBV4). After PBV4, the
pressure head is 22.93 m. The relative pressure elevation change was 64.44%. The mini-
mum pressure height is 37.02 m before PBV27 while after PBV27 it is 12.77 m. and the
relative change percentage is 65.5%. In Fig. 8, the absolute head change is given for each
PBV. As seen in Fig. 8, at PBV27 the maximum absolute pressure decrease is 24.25 m.

To calculate the specific velocites at each PBV, the gross power must be calculated and
the microturbine velocity must be determined. Gross power can be calculated according to
Eq. (3) using the data in Table 1 and there are various energy losses that occur inside the
microturbine and can be expressed with power Py,
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Karakaya group drinking water
: project
1st Region main warehouse network line
Armagan VillageMacka/Trabzon Tiirkiye

Explanation
1. Region main storage network basin
Pressure break valve points
Network line

Distance from city center (15 kam)
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Fig.3 Google Earth satellite image showing the study area

Table 1 Microturbine types by

Specific velocity (n,), Efficiency Microturbine Types Specific veloc-  Efficiency Head height

(%) and Head (m) ity () pm) . (%) (m)
Pelton (single nozzle)  0.5-36 89 350-1800
Pelton (dual nozzles) 36-85 90
Francis 3.8-500 94 64-700
Kaplan 17.2-1200 93 6-50
Banki (Cross Flow) 10-130 74.5 2-150
Turgo 3-70 70 400-600
QO.pgH
P 0 1 03 (3 )

In Eq. (3), P, is the power extracted from the microturbine shaft (kW), Q is the flow
rate to the microturbine (m%/s), p is the density of water (= 1000 kg/m?), g is the gravi-
tational acceleration (9.81 m?%s), H is the net head (m). Microturbine selections were
determined from Table 1 according to the specific velocity values given in Egs. (4-8).

The turbine rated velocity in rpm is represented by n,. It has been formulated and
brought to the literature with work by different researchers in Turkiye.

For n,, the microturbine types according to Siervo and Leva are determined from
Table 1 using:
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In Eq. (5), microturbine types are determined from Table 1, from:

ng

3470

ny = (H)® (rpm) “4)
P,x1.358

= n Y o) )

(H)1'25
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In Eq. (6), microturbine types are determined from Table 1, according to:
Py
— 4 6)
ng = n———(rpm) (
L 1.25
(gH)
In Eq. (7), microturbine types are determined from Table 1 and is based on:
Vo
= 7
ng nHO]S(rpm) N

In Eq. (8), from Demirhan, (2006), microturbine types were determined from Table 1,
as

\/170

125

ng=n (rpm) ®)

In Eqgs. (4-8); n, is the specific velocity of the microturbine (rpm), n is the rated velocity
of the microturbine (rpm), P, is the microturbine gross power (kW), H is the net head (m),
p is the density of water, g is the gravitational acceleration, and n, is the specific velocity.
Most of these terms have already been defined. When the rotation velocity is taken into
account using units of rpm, the outcome is unitless. When the rotation velocity is taken in
terms of rad/s, the output units are in radians.

In Table 1, n, turbine rated velocities in the 2nd column are the results found with
Eqgs. (4-8) and which shows the value ranges. The efficiency of the microturbine based on
the type of microturbine. The ratio of the power taken from the microturbine to the sup-
plied power is called the overall efficiency. It is expressed with 7,. Microturbine efficiency
depends on the flow rate.

Generator selection was made according to gross power, head, flow rate and the micro-
turbines (Table 1). The efficiency of the generator is 0.94.
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The amount of electrical energy obtained, the net head height, the flow rates in the net-
work, and the microturbine and generator type data suitable for these flows are listed in
Table 2.

The aim of this study is to obtain maximum energy with a minimum discharge rate.
Because the discharge rates in the city networks are generally low. Therefore, when Table 2
is examined, it is seen that the most appropriate discharge data is 0.005-0.028 m>/s and the
maximum energy is obtained at this discharge. In other words, the highest energy can be
obtained at the lowest discharge value. So the necessity of using the Pelton microturbine
and Asynchronous Generator, where the pressure difference is between 12—34 m, emerges.

3 Results and Discussions
3.1 Microturbine Selection in the Network Line

The initial phase of microturbine selection involved a meticulous analysis based on the
parameters outlined in the calculation table, as presented in Table 2. The criteria for selec-
tion were derived from the head-flow rate graph, illustrated in Fig. 4, taking into account
the specific velocity equations (Eqs. 4-8). In this process, the microturbine efficiencies,
essential for the subsequent steps, were compiled in Table 3. Upon evaluating the flow
rates, which ranged from 0.00103 m?/s to 0.01145 m?/s, and the net heights of the pres-
sure breaker valve (PBV) within the range of 24.25 to 43.56 m, it became evident that both
Pelton and Kaplan microturbines were viable alternatives for replacing each PBV. Follow-
ing the microturbine selection phase, the subsequent step involved the careful considera-
tion of generator specifications. The generators were chosen in alignment with the identi-
fied microturbines that met the selection criteria, as delineated in Table 3. The culmination
of this process is encapsulated in the net power calculations, detailed in Table 4, which
accounts for factors such as generator velocity and efficiency. This systematic approach
ensures the integration of the chosen microturbines and generators in a manner that opti-
mizes net power output, incorporating head-flow rates, specific velocities, and overall sys-
tem efficiency.

Subsequent to the assessment of rated velocity, the decision-making process advanced
with the utilization of Eqs. (4-8) to determine specific rated velocity (n,) values. This
numerical quantification played a pivotal role in refining the selection criteria, adding a

Table 2 Power obtained according to microturbine types in the drinking water network

Power (kW) Net height (m) Discharge (m?/s) Turbin-Generator
(Min-Max) (Min-Max)
0.2-1 1.5 max 0.05-0.13 Kaplan; Permanent Magnet AA Generator
0.3-5 2-5 0.028-0.12 Kaplan; Asenkron Generator
0.2-0.5 5-12 0.006-0.01 Turgo; Permanent Magnet AA Generator
0.6-2 8-17 0.02-0.03 Turgo; Asenkron Generator
0.3-5.5 12-34 0.005-0.028 Pelton; Asenkron Generator
5-8 24-34 0.033-0.04 Turgo; Senkron Generator
9-16 24-34 0.066-0.08 Pelton; Senkron Generator
1.5-5 30-90 0.008-0.03 Pelton; Senkron-Asenkron Generator
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Table 3 Microturbines in the study area (Low-Flow Rate)

PBV Discharge Net Pressure Turbine Types PBV Discharge Net Pressure  Turbin Types

Q(m%s) H(m) Q(m%s) H(m)

PBV-3  0.00517 43.20 Pelton-Kaplan PBV-33 0.00561 34.84 Pelton-Kaplan
PBV-4 0.01145 43.56 Pelton-Kaplan PBV-34 0.00549 41.70 Pelton-Kaplan
PBV-7 0.01134 42.10 Pelton-Kaplan PBV-35 0.00539 41.64 Pelton-Kaplan
PBV-8  0.00616 34.63 Pelton-Kaplan PBV-36 0.00535 33.30 Pelton-Kaplan
PBV-9  0.00107 31.97 Pelton-Kaplan PBV-37 0.00531 25.89 Pelton-Kaplan
PBV-11 0.00575 40.11 Pelton-Kaplan PBV-38 0.00104 38.53 Pelton-Kaplan
PBV-12  0.00104 42.59 Pelton-Kaplan PBV-39 0.00514 42.56 Pelton-Kaplan
PBV-13 0.00529 42.42 Pelton-Kaplan PBV-40 0.00504 39.32 Pelton-Kaplan
PBV-14 0.00524 35.55 Pelton-Kaplan PBV-41 0.00524 41.83 Pelton-Kaplan
PBV-15 0.00108 42.47 Pelton-Kaplan PBV-42 0.00514 41.84 Pelton-Kaplan
PBV-17 0.00512 37.90 Pelton-Kaplan PBV-43  0.00668 41.92 Pelton-Kaplan
PBV-18 0.00103 42.93 Pelton-Kaplan PBV-44  0.00660 42.31 Pelton-Kaplan
PBV-19 0.00533 41.14 Pelton-Kaplan PBV-45 0.00651 41.59 Pelton-Kaplan
PBV-20 0.00522 41.98 Pelton-Kaplan PBV-46 0.00638 42.52 Pelton-Kaplan
PBV-21 0.00516 41.96 Pelton-Kaplan PBV-47 0.00613 41.84 Pelton-Kaplan
PBV-22  0.00509 37.20 Pelton-Kaplan PBV-48 0.00505 41.88 Pelton-Kaplan
PBV-23 0.00104 42.72 Pelton-Kaplan PBV-49 0.00593 41.29 Pelton-Kaplan
PBV-24 0.00939 41.94 Pelton-Kaplan PBV-50 0.00583 37.73 Pelton-Kaplan
PBV-25 0.00918 30.00 Pelton-Kaplan PBV-51 0.00571 40.87 Pelton-Kaplan
PBV-26 0.00643 41.94 Pelton-Kaplan PBV-52 0.00545 41.29 Pelton-Kaplan
PBV-27 0.00633 24.25 Pelton-Kaplan PBV-53 0.00530 42.30 Pelton-Kaplan
PBV-28 0.00607 42.28 Pelton-Kaplan PBV-54 0.00518 33.72 Pelton-Kaplan
PBV-29 0.00590 40.77 Pelton-Kaplan PBV-56 0.00718 42.27 Pelton-Kaplan
PBV-30 0.00576 33.97 Pelton-Kaplan

precise dimension to the evaluation of microturbine performance. Simultaneously, power
calculations were conducted in accordance with Eq. (3), adding another layer of insight
into the overall system performance. The outcomes of these calculations have been system-
atically organized in Table 4, offering a comprehensive overview of the gross power values
associated with each specific PBV point. This tabulated representation facilitates a compar-
ative analysis of potential power outputs under diverse operational conditions, contributing
to a holistic understanding of the microturbine system’s capabilities.

Microturbines that can be selected according to the head-flow rate and specific veloci-
ties are given in Table 4 and Table 5. After the microturbine determination process was
completed, the efficiency values should be determined. Efficiency values are selected
according to the maximum microturbine efficiency of the microturbines that were used. For
the Pelton 1 (one) nozzle microturbine, this value is 89% (Table 5).

In the generator selection, power, head and flow parameters were selected according
to the Pelton Microturbine (Table 5). Considering these values, the generator that can be
selected for the Pelton microturbine is the asynchronous type. Generator efficiency was
taken to be 95%. In this context, net power was calculated according to the generator’s
velocity and efficiency. In Table 5, net power is a product of P, turbine rated velocity (,),
and generator rated velocity (1), (n,=0.89, M= 0.95).
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Table 4 Calculated specific velocity for microturbine selections

PBV Power Turbine Rotate  Specific Velocity (rpm)
number

P (kW) n n, (4) n, (5) n, (6) ng (7) n, (8)
PBV-3 2.19 1500 300.10 23.36 0.04 6.40 20.05
PBV-4 4.89 1500 298.48 34.55 0.05 9.47 29.65
PBV-7 4.68 1500 305.17 35.28 0.06 9.66 30.27
PBV-8 2.09 1500 346.49 30.10 0.05 8.25 25.83
PBV-9 0.34 1500 364.96 13.32 0.02 3.65 11.43
PBV-11 2.26 1500 314.93 26.05 0.04 7.14 22.35
PBV-12 0.43 1500 302.89 10.59 0.02 2.90 9.09
PBV-13 2.20 1500 303.67 23.96 0.04 6.56 20.56
PBV-14 1.83 1500 340.63 27.22 0.04 7.46 23.36
PBV-15 0.45 1500 303.44 10.81 0.02 2.96 9.28
PBV-17 1.90 1500 326.75 25.65 0.04 7.03 22.01
PBV-18 0.43 1500 301.32 10.48 0.02 2.87 8.99
PBV-19 2.15 1500 309.78 24.61 0.04 6.74 21.12
PBV-20 2.15 1500 305.74 23.98 0.04 6.57 20.58
PBV-21 2.12 1500 305.83 23.85 0.04 6.54 20.47
PBV-22 1.86 1500 330.73 25.93 0.04 7.10 22.25
PBV-23 0.44 1500 302.29 10.57 0.02 2.89 9.07
PBV-24 3.86 1500 305.93 32.19 0.05 8.82 27.62
PBV-25 2.70 1500 380.37 40.92 0.06 11.21 35.12
PBV-26 2.65 1500 305.93 26.64 0.04 7.30 22.86
PBV-27 1.51 1500 436.78 39.86 0.06 10.92 3421
PBV-28 2.52 1500 304.33 25.73 0.04 7.05 22.08
PBV-29 2.36 1500 311.61 26.06 0.04 7.14 22.37
PBV-30 1.92 1500 350.85 29.53 0.05 8.09 25.34
PBV-33 1.92 1500 345.13 28.60 0.04 7.83 24.54
PBV-34 225 1500 307.07 24.72 0.04 6.77 21.21
PBV-35 2.20 1500 307.36 24.52 0.04 6.72 21.04
PBV-36 1.75 1500 355.42 28.89 0.05 791 24.79
PBV-37 1.35 1500 418.59 34.76 0.05 9.52 29.83
PBV-38 0.39 1500 323.27 11.42 0.02 3.13 9.80
PBV-39 2.15 1500 303.02 23.56 0.04 6.45 20.21
PBV-40 1.94 1500 319.03 24.75 0.04 6.78 21.24
PBV-41 2.15 1500 306.45 24.09 0.04 6.60 20.68

Upon careful examination of Figs. 9 and 10, a pattern emerges wherein the energy con-
tent exhibits a direct proportionality to both the pipe diameter and the flow rate. As the
pipe diameter and flow rate increase, the energy content also experiences a corresponding
increase. This correlation underscores the significance of these two parameters in influenc-
ing the overall energy dynamics within the system. Conversely, when the pipe diameter
decreases while keeping the flow rate constant, there is a notable increase in the inlet pres-
sure. This phenomenon reflects an inverse relationship between the pipe diameter and inlet

@ Springer



2202

V. Siime et al.

Table 5 Net power values at

PBV points PBV Power Net Power PBV Power Net Power
P (kW) Pntng P (kW) Pntng
(kW) (kW)
PBV-3 2.19 1.852 PBV-33 1.916 1.623
PBV-4 4.894 4.134 PBV-34  2.246 1.902
PBV-7 4.685 3.957 PBV-35  2.203 1.86
PBV-8 2.093 1.767 PBV-36 1.748 1.48
PBV-9 0.335 0.287 PBV-37 1.348 1.141
PBV-11 2.261 1.911 PBV-38  0.394 0.33
PBV-12  0.433 0.364 PBV-39  2.146 1.818
PBV-13  2.203 1.86 PBV-40 1.944 1.64
PBV-14  1.827 1.547 PBV-41 2.152 1.818
PBV-15  0.452 0.38 PBV-42  2.109 1.784
PBV-17  1.905 1.606 PBV-43  2.747 2.325
PBV-18  0.432 0.364 PBV-44 274 2317
PBV-19  2.149 1.818 PBV-45  2.657 2.249
PBV-20 2.15 1.818 PBV-46  2.66 2.249
PBV-21 2.123 1.792 PBV-47 2517 2.131
PBV-22 1856 1.573 PBV-48  2.075 1.75
PBV-23 0434 0.372 PBV-49  2.403 2.029
PBV-24  3.864 3.264 PBV-50  2.158 1.826
PBV-25 2703 2.283 PBV-51 2.288 1.936
PBV-26  2.645 2.241 PBV-52  2.209 1.869
PBV-27  1.505 1.277 PBV-53  2.198 1.86
PBV-28 2.519 2.131 PBV-54 1.715 1.446
PBV-29 2.361 1.995 PBV-26- 2977 2.52
PBV-30 1.92 1.623
0.18
0.16 +
0.14 +
g 0.12 +
5
< 0.10 1+
E 0.08 +
=)
= 006 f
0.04 +
0.02 +
0.00 + t t t
0.29 0.79 1.29 1.79 2.29 2.79 3.29 3.79 4.29
Power (kW)

Fig.9 Relationship between power and pipe diameter
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Fig. 10 Relationship between power and discharge

pressure. A reduction in pipe diameter results in elevated velocity and, consequently, an
augmented net pressure. This, in turn, leads to a notable increase in the amount of energy
obtained, as illustrated in Fig. 9. Analyzing the observed energy variations, it becomes
apparent that microturbines characterized by lower rotational turbine rated velocity (n,),
may be prefered. The rationale behind this preference lies in the ability of microturbines
with lower n, values to effectively harness the increased energy generated by the system’s
dynamic conditions. In practical terms, the insights derived from Figs. 9 and 10 contribute
to the strategic selection of microturbines based on the nuanced interplay between pipe
diameter, flow rate, and energy outcomes. Opting for microturbines with a lower rota-
tional turbine rated velocity aligns with the objective of optimizing energy extraction under
varying operational scenarios. This consideration underscores the importance of tailoring
microturbine selection to the specific dynamics of the fluid system, ensuring efficiency and
performance in the decision-making process.

For each of the 47 PBVs, microturbine selection criteria were applied and it was
concluded that Pelton microturbine was superior based on 6 parameters (Drop-Flow, ng
(Eq. 4), n, (Eq. 5), n, (Eq. 6), n, (Eq. 7), and n, (Eq. 8). The specific velocities given in the
ns (Eq. 4) and ns (Eq. 6) are incompatible with the other parameters, and the Low-Flow
and n, values from Eqgs. (5, 7, and 8) are related to each other.

In Figs. 9, 10, 11, 12, and 13, the relations of water flow, water velocity, pipe diameters,
net head, operating pressure, and the specific velocities n; (Eqgs. 5, 7, and 8) are related to
each other according to the calculated net power. In Figs. 9, 10, and 12, when the net power
exceeds 0.38 kW, there is a sudden change in the water flow rate, water velocity, and pipe
diameters. Figures 11 and 13 shows specific velocities (Egs. 5, 7, and 8) in a random distri-
bution in the graph of operating pressure and net head.

The present research offers a detailed microturbine selection process, considering specific
velocity equations and providing a systematic approach to optimize net power output. The
inclusion of generator specifications and a comprehensive analysis of energy dynamics sets it
apart. In contrast, Corcoran et al. (2013) and McNabola et al. (2014) focus on energy produc-
tion, with less emphasis on the nuanced interplay of parameters observed in the present study.
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Fig. 11 Relationship between head and power
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Fig. 12 Relationship between power and velocity

The strategic microturbine selection criteria and the detailed exploration of energy outcomes
under diverse conditions distinguish the present article as a more intricate and methodologi-

cally robust study.
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Fig. 13 Relationship between power and rotational speed

4 Conclusion

In this study, the generation of electrical energy in pressure breaker valves in an exist-
ing drinking water network in Trabzon-Karakaya was studied. Energy production was
extracted from existing drinking lines in the drinking network and the performance of the
energy production was quantified.

Pressure-breaking elements such as Maslak, tanks, or PBVs are used in order to break
the excess pressure on the drinking water lines and reduce it to an appropriate operat-
ing pressure. By making use of the damped pressure in these facilities, the system can be
used as a renewable energy source and environmentally friendly electrical energy can be
obtained An important issue it to properly design such a system to optimize its energy-
producing capacity. The results are expressed as follows:

1.- The power obtained an hour using Pelton / varies between 0.29 kWh and 4.89 kWh. By
using micro Pelton microturbines instead of 47 PBVs, a total of 84.12 kWh of electrical
energy can be produced in an hour. Thus, the hourly expenditure is 0.27 kWh for each
subscriber. Accordingly, the electricity needs of 311 subscribers can be met with a total
energy of 84.12 kWh in the working area in one hour. To extrapolate these findings
to different locations, several key factors must be taken into account. First, variations
in local climate patterns, including temperature, precipitation, and seasonal changes,
can significantly influence energy production efficiency. Various geographical regions
may experience distinct weather conditions that can impact the performance of energy
generation systems. Furthermore, the availability and characteristics of water resources,
which play a vital role in the context of microturbine systems, may differ widely from
one location to another. Changes in water quality, flow rates, and overall water avail-
ability can directly influence the overall performance and maintenance requirements of
the system. The financial aspect is also subject to variability based on regional factors.
Economic conditions, regulatory frameworks, and local market dynamics can vary sig-
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nificantly. Costs associated with installation, operation, and maintenance are contingent
on regional market conditions, availability of skilled labor, and the regulatory environ-
ment governing renewable energy initiatives.

2.- During the design of the drinking water networks, hydraulic calculations such as pipe
diameters, pressure, and microturbine costs can be analyzed, and maximum energy
can be obtained by minimizing the projected costs in the new drinking water networks.
Although the initial investment cost is high, it will be able to pay for itself in 3.7 years.

3.- Sensors are widely used to monitor wireless water distribution systems. When the sen-
sors are installed in places where there is no electrical power source or where battery
replacement is difficult, it will be more attractive to use the energy obtained from the
drinking water networks.

4.- The electrical energy to be produced by placing the micromicroturbines in the appropri-
ate places of the network lines can be integrated with electrical-power-requiring devices
and savings can be achieved. Alternatively, it can be possible to charge electric vehicles
at a low cost by supplying electricity to the charging stations created for electric vehi-
cles.

5.- Considering the costs of the microturbines to be used, the viability of these turbines can
be assessed with a cost/benefit analysis.

4.1 Limitations

In cases where the number of revolutions is low, gearboxes are needed; while in other
applications a braking system may be needed to prevent damage to the microturbine at high
speeds. As discussed in this study, microturbine selection criteria can be applied according
to different microturbine speeds.

4.2 Suggestion

1- More accurate analyzes can be obtained for the studies to be carried out by performing
statistical studies with regression analysis.

2- Increasing the performance of microturbines; requires engineers in this field to take
measures to enhance the efficiency of microturbines.
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