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Abstract

This work presents an innovative concept of a mobile micro-water turbine for energy
recovery from flood-threatened rivers, combining environmental protection with renewable
energy production. In response to the increasing frequency and intensity of floods caused by
climate change, the authors propose active utilisation of the kinetic energy of water masses
during these events through the installation of mobile water turbines along rivers. Rather
than merely mitigating the consequences of floods, the energy from flowing water can be
converted into electrical current, and the water can be purified and used for other purposes.
The article analyses various solutions for water turbines, including the Kaplan turbine,
Banki-Michell turbine, and screw turbine, taking into account their efficiency and ability to
adapt to changing flow conditions. For the Biata Ladecka river, it was demonstrated that
a mobile micro turbine operating for three days can generate a significant amount of energy
for on-site consumption or storage. The key challenge is the development of effective water
filtration and treatment systems to remove pollutants brought by floods, as well as mobile
platforms enabling rapid assembly and disassembly of turbines at threatened sites. The
comparative analysis of turbines conducted makes it possible to determine the optimal
choice for mobile systems due to operation at low heads, simple construction facilitating
installation, and tolerance for contaminants.

Keywords: river; swollen water; flood; micro-water turbine; electricity

1. Introduction

The motivation for the concept of applying a mobile micro-water turbine came from
events related to the flood in Poland in 2024, which were widely commented on and
presented in the media, forcing the introduction of a state of natural disaster in the south-
western regions of the country [1]. Events of this type compel reflection on the ongoing
climate change [2]. Due to human impacts on the natural environment and their increas-
ingly stronger influence on it, various phenomena are emerging that mutually exclude
each other at opposite ends of a common spectrum. A good example is, on one hand, the
increase in the frequency of flood occurrence [3], and on the other hand, we are dealing
with deepening hydrological drought [4]. Both of these phenomena occur simultaneously
in the same area and at the same time. Not long ago, the 1997 flood was referred to as the
millennium flood [5]. The current scale of floods is comparable to that from 29 years ago,
and moreover, it affects a large area of central Europe. Such phenomena are only the begin-
ning of events that may occur in the near future [6]. Flood water flows from the mountains,
carrying away everything it encounters on its way. Due to this, it is heavily contaminated
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and polluted with substances that cause degradation of the natural environment where it
spreads [7]. It should be remembered that flood water carries not only broken trees but also
municipal, agricultural, and industrial pollution [8]. All of this mixes together and creates
a mixture that is dangerous to the health and lives of people and animals.

In the literature, research authors focus largely on large-scale hydrological instal-
lations related to water reservoirs. It is possible to find several publications regarding
small hydroelectric power plants and their application for use in rural areas to achieve
electrification [9-13]. However, publications related to mobile micro-power plants utilising
river flow are scarce. For this reason, this is another argument for the authors to under-
take such a topic. The authors posed the question of whether it is possible to construct
a mobile micro turbine that could be utilised during floods and in non-electrified areas. In
answering such a question, it is necessary to propose a concept for creating such a solution
from the moment of water intake, through turbine flow, to the utilisation of accumulated
energy. A mobile hydroelectric power plant has many advantages, such as the possibility
of system application during a natural disaster or in places where there is no electrical grid
infrastructure. Another advantage is periodic operation depending on demand. A mobile
micro-hydroelectric power plant can also be utilised to power pumps that serve to trans-
port water to regions affected by drought. The disadvantages of such a solution are the
amounts of energy produced, as they may be too small for local demand. In the further
parts of this article, various solutions related to micro-water turbines are presented, along
with the concept of a mobile micro-water turbine and the possibilities of its use for water
purification, storage, or on-site consumption.

2. Materials and Methods

One method to mitigate the consequences caused by floods is the construction of
retention reservoirs that serve as a buffer, which allows for the regulation of the height
and transit time of the flood wave moving along the river toward its mouth. Retention
reservoirs (flood control basins) by design intercept a significant portion of the flood wave
volume and prevent its further uncontrolled discharge. The type and size of the reservoir
are determined by the area in which it is to be constructed. Reservoirs of this type are
essential to maintain the safety of flood-threatened areas. Unfortunately, in addition to
the construction of retention reservoirs (flood control basins), the water inflow to such
reservoirs must also be taken into account. The primary inflows are rivers protected by
embankments. During the occurrence of floods, the sensitivity of society to protecting its
property increases. Based on reports presented in the media, it is evident that society, the
military, police, and firefighting services were strongly engaged in reinforcing embank-
ments with sandbags. The effort undertaken by all involved individuals is enormous each
time and is observed along the entire length of the river. This type of human behaviour com-
pels consideration of comprehensive actions during the passage of a flood wave through
successive river sections.

One such comprehensive solution could be an attempt to harness the latent energy in
flowing flood water and utilise it as an aid to flood protection. An attempt to extract this
energy could bring numerous benefits for the protection of life and property of residents in
areas that may be affected by a flood wave in the near future. This wave is a hydrological
phenomenon that occurs in watercourses such as rivers or channels as a result of the sudden
discharge of enormous water masses caused by heavy rainfall or snowmelt. A flood wave
consists of:

m  The bases of the wave—the state of the water from which a rapid rise in the water
table is observed;
s Wave elevation—the difference between the culmination of a wave and its base;
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s Wavelength—the time between the beginning and the end of the wave surge;
»  Wave velocity—the time of passage of the culminating wave on a specific river length;
s Culmination of the wave—the highest level of the water.

The flood wave can be presented using a graph (Figures 1 and 2).
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Figure 1. Flood wave construction.
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Figure 2. Flood wave.

In Figure 1, we can observe the general nature of the flood wave. In Figure 2, how-
ever, we can observe 3 types of flood waves that can occur: A—a rapid short-term surge
with one peak of flow intensity; B—a slow long-term surge with one peak of flow rate;
C—a double swell with long-term flood flow. What kind of flood wave will occur depends
on many environmental factors. The X-axis shows the wave travel time T of the flood in
days [days]. The Y-axis shows the volumetric flow rate Q of the wave in cubic meters per
second [m3/s], the wave height H in meters, and, for a more detailed analysis, the wave
height H in meters [m] is also included.

Given that there is a hydrosphere on the globe that has a volume of 1,370,106 km? of
water [14]. It is divided into: seas and oceans (97%), groundwater (0.61%), lakes (0.009%),
clouds and rains (0.005%), and rivers (0.0001%).

Although rivers do not occupy a leading place in the entire hydrosphere, they still have
a very high energy potential. This potential is manifested in the force with which water
moves in riverbeds. Taking into account the guidelines of the World Energy Conference,
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the hydropower potential of rivers is determined with the help of the water power cadastre.
The Water and Energy Resources Cadastre is a list of gross resources of water and energy
of a watercourse. The World Energy Conference has determined that 100 kW /km of flow is
the minimum theoretical limit of energy utility of a river or its section [15]. Hydropower
resources are not large and amount to 13.7 TWh/year [16]. Their list for the main rivers
occurring in Poland is presented in Table 1.

Table 1. Distribution of hydropower resources in the main rivers of Poland [16].

River Value [%]
The Vistula River 45.3
Vistula and Oder basins 43.6
The Oder River 9.8

In order to use the potential of rivers, both large and small hydroelectric power plants
are built, which do not differ fundamentally in their principle of operation. In both cases,
water should be dammed in order to obtain the highest possible potential energy. This
type of principle is also used in the conceptual approach of the authors of this article. The
difference is that the damming occurs naturally during the rise in the level of rivers during
the period of flooding.

Several types of impellers are used in hydroelectric power plants. Rotors can be both
reaction and action. Reaction (pressure) rotors are those in which a pressure higher than
atmospheric pressure is used to generate energy. Both water pressure energy and kinetic
energy are used here. In this group of turbines, there are both Francis and Kaplan turbines.
Action rotors (spray turbines) are those in which water is supplied to the rotor under
atmospheric pressure. An example here is the Pelton turbine and the Michell-Banki turbine.
The exact classification of turbines with speed indicators is shown in Table 2.

Table 2. Classification of rotors used in hydropower [17-19].

Range of High-Speed

Turbine Type Turbine Distinguishing Features Drop H [m]
Low-speed Kaplan (propeller) 350-500 70-30
Mid-speed Kaplan (propeller) 501-750 30-10
Reaction High-speed Kaplan (propeller) 751-1100 10 and below
turbine Low-speed Francis 50-150 500-110
Mid-speed Francis 151-250 110-50
High-speed Francis 251-450 50 and below
Low-speed Pelton 2-15 1800-1000
Action Mid-speed Pelton 16-25 1000-700
turbine High-speed Pelton 26-50 700-100
Michell-Banki 30-200 100-5

Water turbines are key components in the generation of hydropower, converting
the kinetic and potential energy of flowing water into mechanical energy, which is then
converted into electrical energy. The design and efficiency of these turbines significantly
affect the overall performance of hydroelectric systems, especially in small-scale and low-
pressure applications. Depending on the specific conditions of the water source, different
types of water turbines are used. For example, the Francis turbine is widely recognised
as versatile and efficient over a wide range of water heights. It consists of a rotor, spiral,
steering blades and a suction pipe, which allows it to maintain high performance even
under changing operating conditions [20]. Backhoe turbines, on the other hand, which
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operate effectively in low-pressure environments such as irrigation channels, have gained
attention for their ability to harness energy from water flow without the need for significant
height differences. Research indicates that optimising blade design and slope can increase
the efficiency of these turbines, making them more suitable for specific applications [21].
Recent advances in computational fluid dynamics (CFD) have made it easier to design
water turbines that can operate efficiently at very low drops. Studies have shown that
by using surface vortex models, turbine efficiency can be improved by about 2.6% with
optimised design [22]. In addition, the development of new turbine designs, such as
the Darrieus Canal Turbine, aims to maximise energy extraction from low-gradient sites,
which are often located near urban areas where electricity demand is high [23]. This
approach not only meets energy needs but also minimises environmental impact, which is
in line with the growing focus on sustainable energy solutions. Integrating hydropower
generation with other renewable sources, such as solar energy, can have such a use. Hybrid
systems combining hydro and solar energy can increase the reliability and efficiency
of power generation, especially in regions with variable water availability [24]. These
systems use the storage capacity of the tanks to optimise energy transmission, ensuring
a steady supply even during periods of drought [25]. In addition, it has been shown
that the implementation of advanced systems for data supervision and control, including
SCADA (Supervisory Control and Data Acquisition) systems based on Programmable
Logic Controllers (PLCs), improves the operational efficiency of micro-hydropower plants,
enabling better management of energy production and distribution [26].

The article focuses on micro-hydroelectric power plants. Micro-hydro turbines, es-
pecially in the context of hydropower microsystems, have gained considerable attention
due to their potential for sustainable energy production in small-scale applications. These
systems are particularly beneficial in remote areas where conventional energy sources are
not feasible. The deployment of micro-hydropower plants, such as those using propeller
turbines, has been extensively studied. For example, Sudiro discusses the design and
testing of a propeller turbine for a micro-hydropower plant, highlighting its components
and functionality in a low-gradient environment [27]. This is in line with the findings
of Kazakbay and Turalin, who emphasise the usefulness of low-gradient hydropower
turbines for small and medium-sized rivers, especially in agricultural conditions in Central
Asia [28,29]. The efficiency and design of these turbines are crucial for optimising energy
production. Turalina and Bossinov’s research on the optimal parameters of straight-flow
turbines shows the importance of blade configuration and flow dynamics in increasing
turbine efficiency [30]. In addition, the work of Ramos et al. highlights the role of micro-
hydro systems in stabilising energy supply and generating income through clean energy
production, which is crucial for the sustainable development of water supply systems [31].
The development of specialised turbines, such as the 100 mm diameter propeller turbine
designed for water supply systems, illustrates the ongoing innovation in this field [32]. In
addition, the exploration of different types of turbines, including counter-rotating turbines
and Savonius turbines, shows a variety of design approaches aimed at improving efficiency
and adaptability to different water flow conditions. Shigemitsu et al. have shown that
counter-rotating turbines maintain high efficiency over a wide range of flows, which is
essential for micro-hydropower applications [33]. Similarly, the Savonius-type turbine has
been used effectively in miniature energy collectors to power wireless sensors, indicating
its versatility in low-flow environments [34]. The integration of advanced manufacturing
techniques such as 3D printing has also opened up new possibilities for the design and
manufacture of miniature water turbines. Adamski et al. [35] discuss how 3D printing en-
ables the creation of complex turbine geometries that can increase efficiency in distributed
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measurement systems. This technological advancement complements traditional designs
and enables rapid prototyping and customisation based on specific on-site conditions.

Below are several design solutions for using hydropower to generate energy despite
the low flow or low height of the water column.

The first example of small-scale power generation is the ModMEW concept shown
in Figure 3 and its application in a small modular hydropower plant (Figure 4). The
construction was proposed by AQUA-Tech sp. z o. o. [36]. This design is based on the
construction of one or several turbosets cooperating with each other. A Kaplan turbine was
used here, and its size was planned to be within 750-1800 mm. The power obtained is in the
range of 22-120 kW. The concept of the power plant was based on movable weir modules.
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Figure 4. Concept of a small modular hydroelectric power plant for the WODEL hydro set [36].

The second example of a micro-water turbine that can be considered innovative and
conceptual is a hydrodynamic turbine (Figure 5) for small hydropower with a power of up
to 20 kW [37]. This turbine can operate in full or only partial immersion. Despite working
in partial submersion, it can still obtain about 70% of the nominal power. This type of
construction solution was proposed by ABT Accord sp. z 0. 0. A turbine of this type is
mounted on a movable float and can be combined with other turbines.

The third example is a micro-water turbine from Smart Hydro Power GmbH. Figure 5
shows a turbine called Smart Free Stream [38], which can be mounted at the bottom of
a river or canal. A turbine of this type can achieve a power of up to 5 kW with a rotor
diameter of 1 m.

The fourth example comes from Mesa Inc. [39]. This company also proposes the use
of a modular water turbine shown in Figure 6, but unlike the other solutions presented,
it is not a turbine submerged in the river current, but built into a container. The design is
based on a Kaplan turbine, and the power that can be obtained is 75-250 kW.
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Figure 6. Water turbine [39].

The water turbine design solutions mentioned above apply to clean water. For Smart
Hydro Power GmbH’s solution, we have a truss, but only to protect the water turbine from
objects flowing in the river, such as tree branches, etc. The solution proposed by the authors
tends to use the resources provided by the river, but is based on the increase in water level
as a result of flooding. The authors of the concept want to use the rise in the river level as
a natural dam. Unfortunately, in this type of flow, it is necessary to use not only the truss as
a cover for the inflow system to the turbine, but also other elements such as sieves or the
use of the cyclone effect to clean the water from sand, which can be abrasive and lead to
faster wear of the impeller.

Starting from the beginning of the formation of a flood wave, it is worth paying
attention to the possibility of generating electricity by using the energy generated by the
flowing current. A stable current during a flood is created when floodwater leaves the
retention reservoirs during the release of excess water and directs it to the water turbine. As
flooding is not a continuous phenomenon, the permanent infrastructure needed to generate
electricity from the water discharged from the reservoir should allow for easy and quick
installation of water turbines. In the case of conceptual considerations, the construction
of permanent elements in the vicinity of the retention reservoir should be taken into
account, such as prepared places for a mobile hydroelectric power plant. Such permanent
infrastructure elements can also be built not only in the vicinity of the retention reservoir,
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but also along the river in the event of a flood wave or as an element of infrastructure
supporting the prevention of another natural disaster.

The flood wave flowing through successive sections of the river should be used to
generate electricity through mobile water turbines that can be moved along with the
movement of the flood wave. However, the pollution that floodwater carries should be
remembered. The authors take a comprehensive look at floods through the use of mobile
hydroelectric power plants. A comprehensive solution is to use the flood wave current and
transform it positively in terms of helping people who defend the embankments through
their hard work, and the energy provided by a mobile water turbine can help, for example,
in the production of electricity to illuminate the embankments while keeping an eye on
whether there are any leaks. In addition, a comprehensive approach should include the
use of flowing water that flows through the mobile water micro turbine and directs it to
irrigate places where hydrological drought occurs. The idea is to slow down the flow in
these places so that the underground water reservoirs are saturated, and not just the water
flows with the flood wave. Of course, the water must be purified after passing through the
mobile micro-water turbine.

In connection with the above-mentioned conceptual assumptions for a mobile micro
turbine, measures can be taken to create discharges in newly built or modernised flood
embankments with an appropriate shape of the inlet and outlet channel, with the possibility
of installing permanent infrastructure for a mobile micro-water turbine that will generate
electricity and purified water.

When considering the concept of a mobile water micro turbine, during the passage of
a flood wave through a given area, such a mobile micro turbine should be installed on a
given section of the river, and the water after passing through the turbine is directed towards
the mobile treatment plant. Then, after passing through the treatment plant, the water can
be used as drinking or technical water. After the flood wave in a given area, turbines and
treatment plants are moved to other sections of the river. With this solution, a mobile micro-
water turbine can generate more of the electricity needed to fight floods and can generate
the necessary purified water for people, animals or the environment. In a comprehensive
solution, we need to look at wastewater treatment. Electricity consumption in wastewater
treatment plants is very high and varies from country to country [40]. Italy has almost
1% [41,42] of total domestic consumption, Spain 2-3% [43], and the United States is as
high as 4% [44]. Thus, in the case of a water turbine, the use of water flow forces the use
of a small wastewater treatment plant with a low electricity requirement. Here we can
follow the example of small household sewage treatment plants, where their electricity
demand is at the level of 270-350 kWh/year. Thus, the daily consumption is at the level of
1 kWh [45]. The use of a mobile home sewage treatment plant allows meeting the energy
demand from a mobile water micro turbine. This solution, in a comprehensive approach,
also gives the possibility of using water not only as drinking water, but also to reduce
hydrological drought along the entire length of the river and generate electricity for the
operation of the devices included in the system. The comprehensive approach to the use of
flood wave water proposed above raises the following questions: what must be: the flow
of the volume of water flowing through the discharge, the shapes of the channels guiding
water to the turbines, the power of the turbines, and the efficiency of the treatment plant;
and how many mobile sets must be installed in subsequent sections of the river to ensure
optimal use of the flood wave flow.

When designing a mobile micro-water turbine, the principles of mobile hydraulic sys-
tems design must be taken into account. The most important aspect is maximum efficiency
while maintaining low mass and compact dimensions, which facilitates transportation.
Another important aspect is ease of operation through minimisation of the number of con-
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nections, which reduces the risk of leaks and facilitates field maintenance. The hydraulic
components employed must be characterised by the highest possible power-to-weight ratio.
The arrangement of components should be optimised for easy installation [46,47].

To answer the above questions, a flowchart is created as shown in Figure 7. The
diagram presents an ideological distribution of what the system that takes water should
look like and how to use it. Two variants of benefits that can be achieved are presented,
i.e., the generation of electricity and the use of water.

Water use:
J water purification for technologi-
cal purposes,
. water purification for subsistence

Mobile Mi- purposes,

Power gen- e L .
# cro-Water ‘ eratogr ‘ . purification of drinking water.

Turbine Energy use:
. charging energy storage,
o Power supply of modular
wastewater treatment plant,
o power.

Figure 7. Flowchart of the proposed concept.

Figure 8 presents the concept of two variants of the installation for obtaining water
and supplying it to a mobile micro turbine in order to generate electricity and further
use of water for subsistence purposes. Variant 1 presents the possibility of installing
the installation passing through the shaft in the form of a connector. This connector is
permanently mounted inside the shaft and plugged to prevent it from being inhabited by
animals or dirtied by waste. When used in a mobile micro turbine, the connector is opened
and connected to the mobile micro turbine. An electric current is generated. Knowing
the location of such a connector, you can prepare the ground for the location of a mobile
micro turbine. Connectors of this type can be installed as a permanent installation along
the river during the construction or modernisation of the embankment. Variant 1 gives the
possibility of quick connection, as the black elements are already mounted on site and ready
for operation and installation of the mobile micro turbine. In the case of variant 2, we have
a solution focused on greater mobility. In this variant, we use a flexible hose that can be put
through the embankment anywhere and inserted into the river. This creates an intake that
will feed a mobile micro turbine located on the other side of the shaft. The connection to
the mobile micro turbine will be the same as to the connector shown in variant 1. To sum
up both options, variant 1 is stationary but always ready to work, and variant 2 increases
the mobility of the planned solution. In addition, variant 2 can be used wherever there is
a damming of a watercourse, or where one will be built. Regardless of the variant chosen,
thanks to the fact that we will draw water to the mobile micro turbine, after connecting it,
we can choose what benefits we want to achieve, whether electricity and its storage. After
connecting to a connector, an assessment is made of which of the previously presented
benefits can be obtained.

When planning a mobile micro-hydro turbine, it is important to consider the design
principles of mobile hydraulic solutions. The most important aspect is maximum efficiency
while maintaining a low weight and compact size, which allows for easy portability.
Another important aspect to consider is ease of operation by minimising the number
of connections, which reduces leaks and facilitates field maintenance. The hydraulic
components used must have the highest possible power per unit of weight. The layout of
the components should be optimised for easy installation [48,49].
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Figure 8. Conceptual application of a water turbine using 2 variants of water supply to the turbine.

While conceptual considerations are not required, key technical parameters of water
treatment systems should not be overlooked. Each water treatment system depends on
flow rate, flow velocity, and HRT (Hydraulic Retention Time). Contaminated water after
treatment must meet applicable drinking water standards. Therefore, flow parameters
are essential to achieve the best results for: BOD (Biochemical Oxygen Demand), COD
(Chemical Oxygen Demand), TSS (Total Suspended Solids), TN (Total Nitrogen), and TP
(Total Phosphorus). For quality parameters for raw and treated water, attention should be
paid to: pH (reaction), EC (Electrical Conductivity), total hardness, NTU (Nephelometric
Turbidity Units), heavy metal concentration, and microbiological indicators. Microbiologi-
cal indicators include coliform bacteria and Escherichia coli, which determine the selection
of technology (coagulation, sedimentation, filtration, biological processes, membrane pro-
cesses, disinfection) as well as the required reagent doses and aeration intensity. The next
group comprises the technical parameters of the treatment system: the volume and height
of tanks, the surface area of settling tanks and filters, the specification of the filter bed or bio-
logical media, and the characteristics of membranes, compressors, and blowers. The system
is also defined by energy parameters, i.e., specific energy consumption per m> of treated
water and pressure losses at individual stages, as well as sludge management. Automation
and reliability parameters are also considered [47-49]. The process of treating contaminated
water is a very complex subject. This is essential when analysing flood-related cases.

3. Results
Case Study

A case study was analysed to better illustrate the benefits. The case of energy recovery
of the river current for a wave with a slow and long-lasting surge with one peak of flow
intensity was accepted for the analysis (Figure 2 type B). The rationale for the concept of
using a mobile micro turbine in the case of only one turbine operation was analysed. At
the beginning, it was determined how the water level in the river rose during the flood.
The water level as of 14 September 2024, on the Biata Ladecka River in Zelazno was taken
into account for the analysis. During the flood, the Biala Ladecka River reached a level of
458 cm, where the river’s alert level is at the level of 140 cm. The average operational level
of the river is at the level of 50-75 cm. The average operating flow is 3 m3/s. The data was
taken from the website of the Institute of Meteorology and Water Management. The river
level in the analysed case rose by almost 4 m. Therefore, assuming that during a flood the
flow and the height of the river table increase, a safe flow level of 2.5 m?3 /s can be assumed
for conceptual calculations, the diameter of the pipeline is 0.5 m, and the flow velocity is
determined at the level of 3 m/s [50,51]. The analysis takes into account the change in the
height of the water table from 1 m to 3 m, with a change in height of 0.5 m. The length of
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the river section that is taken into account is 1 km. Table 3 below shows the assumptions
for the calculation of a mobile micro-water turbine.

Table 3. Assumptions for calculations.

Name Index Value Unit
Flow Q 2.5 m3/s
Diameter of the pipe in front of the turbine Ia 0.50 m
Water density 0 1000 kg/m?3
Earth acceleration g 9.81 m/s?
Flow velocity upstream of the turbine Ca 3.18 m/s
Critical velocity Ckr 3.85 m/s
Efficiency of the turboset Tz 0.75 -

Table 4 shows the power obtained for three types of turbines when used at the analysed
site. The Kaplan turbine, the Banki-Michell turbine and the screw turbine were taken into
account for the analysis. It can be observed that in the case of the Kaplan turbine, the
increase in useful power increased from 21.23 kW with a drop of 1 m to over 63 kW with
a drop of 3 m. On the other hand, about the power of the turbine set, taking into account its
efficiency at the level of 75%, the increase in power was from 19.57 kW to 58.70 kW. In the
case of the Banki-Michella turbine, the increase in useful power increased from 17.82 kW
with a drop of 1 m to over 53 kW with a drop of 3 m. On the other hand, about the power
of the turbine set, taking into account its efficiency at the level of 75%, the power increased
from 16.42 kW to 49.27 kW. The propeller turbine has achieved an increase in useful power
from 20.55 kW with a drop of 1 m to over 61.50 kW with a drop of 3 m. On the other hand,
about the power of the turbine set, taking into account its efficiency at the level of 75%, the
power increased from 18.95 kW to 56.81 kW. A full comparison of turbines is shown in
Figures 9 and 10. To calculate the useful power of the turbine Py,1,, set, we must determine
the useful power of the turbine P itself and the theoretical power of the turbine Py,. Below
is the formula for determining the theoretical power of the Py, turbine (1):

Py, =Qp-gH (1)

where: Py,—theoretical turbine power in watts [W], Q—volumetric flow rate of the fluid
flowing through the turbine in cubic meters per second [m?/s], p—fluid density in kilo-
grams per cubic meter [kg/m?], g—gravity in meters divided by kilograms multiplied by
the square of a second (m/kg*-s?), and H—water head in meters [m]. Then, the useful
power of the turbine was determined. Efficiencies appropriate for the given turbine were
assumed: Kaplan turbine—87%; Banki-Michell turbine—73%; screw turbine—84%. The
formula for calculating the useful power P (2) is presented below:

P = Py-n 2)
where: P—effective power expressed in watts [W], and n—turbine efficiency. The final
step was to determine the turbine set’s power Pyp,. The turbine set’s efficiency, Nyrbo,
had to be assumed, depending on the turbine. The following values were assumed:

Kaplan turbine—80%; Banki-Michell turbine—67%; screw turbine—77%. The formula for
calculating the turbine set’s power is below (3):

Pturbo = P'ﬂturbo (3)

where: Nypo—assumed efficiency of the turbine set.
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Table 4. Power calculations for individual turbines.

Kaplan Turbine
Value 1 Value 2 Value 3 Value 4 Value 5
Description Unit (Drop (Drop (Drop (Drop (Drop
=1.0m) =1.5m) =2.0m) =2.5m) =3.0m)
Useful power kW 21.23 31.85 42.47 53.09 63.70
Turboset Power kW 19.57 29.35 39.14 48.92 58.70
Michell-Banki Turbine
Useful power kW 17.82 26.74 35.65 44.56 53.47
Turboset Power kW 16.42 24.64 32.85 41.06 49.27
Screw Turbine
Useful power kW 20.55 30.82 41.10 51.37 61.65
Turboset Power kW 18.94 28.40 37.87 47.34 56.81
B Screw Turbine H Michell-Banki Turbine B Kaplan Turbine

3.00

2.50

Drop [meter]
N
o
o

1.50

1.00

0 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Useful power [kilowatt]

0.

o

Figure 9. Distribution of useful power for individual turbines depending on the gradient.

B Screw Turbine B Michell-Banki Turbine B Kaplan Turbine
o
[}
Lo
Q
o
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

Power of the turbine set at the generator terminals [kilowatt]

Figure 10. Distribution of turbine power generated at generator terminals for individual turbines

depending on the gradient.

In order to obtain a more detailed analysis of the case study, the time at which the
flood wave increases, its peak period, and the fall of the wave were taken into account.
The course of the change in height of the flood wave shown in Figure 11. It was assumed
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that the flood wave increased within 24 h, then maintained its peak for 24 h and decreased
for the next 24 h. Thanks to this assumption, it is possible to estimate how much energy
a mobile micro turbine is able to generate in total while operating for 72 h. The data from
Table 4 were used for the calculation. A minimum slope of 1 m and a maximum of 3 m
are taken into account. Thanks to such an estimate, it was determined that the amount of
energy obtained is between 2.5 and 3 MW. A detailed breakdown of the energy quantities
for each turbine is shown in Table 5. Based on the available literature [44], the average flow
speeds of rivers are usually in the range of about 0.2-1.5 m/s, while in swells they can
reach 3 m/s. The speed of the swollen river was assumed for the calculations at the level of
3 m/s, and such a speed was assumed in the pipe supplying water to the turbine.

THE COURSE OF THE CHANGE IN THE HEIGHT OF THE
FLOOD WAVE

3.5
3
_— =
3 2 = E =
£ = = =
13 = = = E=
2 = = = =
. = = = =
05 % % % % %
0 —B8 = =E = = =
6 12 18 24 30 36 42 48 54 60 66 72
Time [hours]
Day 1 Day 2 Day 3
Figure 11. The course of the change in the height of the flood wave.
Table 5. Breakdown of obtainable electricity for individual types of turbines.
Turbine Value Unit Value Unit
Kaplan Turbine 3052.56 kW 3.05 MW
Michell-Banki Turbine 2562.21 kW 2.56 MW
Screw Turbine 2954.07 kW 2.95 MW

4. Discussion

Traditional energy recovery and flood control schemes are based on stationary tur-
bines integrated with flood embankments or dams, such as Francis or Kaplan turbines,
which provide continuous energy production at high efficiency. However, they require
expensive modifications to existing hydrotechnical infrastructure, including foundations
and intake channels, which generate substantial capital investments. Moreover, permanent
installations are vulnerable to degradation during prolonged periods of low water levels
and require continuous maintenance. The concept of a mobile micro-water turbine for
energy recovery during flood events requires a thoughtful selection of turbine type that
will operate optimally under conditions of variable flow and water level parameters. The
characteristics of impulse and reaction turbines presented in the article indicate significant
technical differences that have direct implications for the suitability of each solution for the
proposed application. Impulse turbines, where energy transmitted to the runner derives
solely from the kinetic energy of the water jet, offer substantial advantages for mobile
systems. First, impulse turbines have fewer moving components, such as buckets, deflec-
tors, and a simple water intake system. This simplicity directly facilitates assembly and
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disassembly, which is critical for mobile systems that must be installed and removed within
short operational intervals. Impulse turbines operating at atmospheric pressure do not
require hermetic casing or elaborate sealing systems. This is particularly significant under
flood conditions, where water contains suspended solids and can damage precision-sealed
equipment. Impulse turbines can also operate at low heads, which is important in areas
with gentle river bed gradients. During floods, while water levels rise, this is not always
accompanied by significant changes in water column height per unit river length. Unfortu-
nately, their maximum efficiency is not entirely satisfactory. Reaction turbines utilise both
the pressure energy and kinetic energy of water. Water completely submerges the runner
and flows through the spiral casing and wicket gates. Such a solution offers substantial
benefits for many applications. They achieve higher efficiency than impulse turbines.
For mobile systems, this means that even a smaller turbine can generate adequate power.
Under flood conditions, where the primary energy source is increased discharge rather
than head, this characteristic is advantageous. Additionally, through complete submersion
of the turbine, the full energy potential of the water can be harnessed. In contrast, the
proposed micro-water turbine concept presented with two water intake variants enables
rapid installation solely during flood periods, utilising either a permanent connector or
a flexible hose passed over the embankment. This solution reduces capital investment
costs and eliminates the need for structural intervention in the embankment beyond the
connector installation phase. Energy recovery occurs only during elevated river levels,
which maximises the unit energy gain from available discharge while minimizing the risk
of equipment failure and operational costs. Such flexibility makes the proposed solution
particularly attractive for retrofitting existing embankments without requiring extensive
earthwork or hydraulic modifications.

5. Conclusions

This article presented an innovative concept of a mobile micro-water turbine as a tool
for simultaneously addressing two critical challenges: flood risk management and renew-
able energy acquisition. The main conclusions from the conducted analysis indicate that
the case study for the Biala Ladecka river confirms the substantial energy potential of
flood waves, which can be practically utilised. Existing water turbine technologies, in
particular the Banki-Michell turbine and modular turbine systems, constitute a sufficient
technical basis for implementing the proposed solution. To effectively harness flood energy,
the implementation of advanced water filtration and pre-treatment systems is necessary.
The mobile micro-water turbine should function as part of a flood management system
encompassing water storage, purification, and utilisation. The proposed concept has poten-
tial both for flood protection and for powering pump stations in drought-affected areas,
enabling efficient utilisation throughout the operational year.

In further research on mobile micro-water turbines, hydrokinetic turbines should be
considered, which can extract significant energy from flow velocities as low as 0.5-0.6 m/s.
The choice of turbine type depends on site-specific conditions where installation will occur.
Selection of an appropriate turbine for low-head applications and variable flow directions
is essential. Optimisation of such turbine designs will increase their efficiency and electrical
energy production capacity. For mobile micro-hydropower turbine applications, considera-
tion should also be given to operation in remote off-grid areas adjacent to watercourses.
The conceptual solution proposed by the authors encompasses multiple elements, each
of which requires optimisation in subsequent research efforts, thus opening numerous
research directions requiring investigation. Regarding the water intake installation for the
turbine, careful attention must be paid to pipe diameter, material selection, installation
methodology, and connection techniques. Turbine optimisation requires further research
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on blade curvature through computational fluid dynamics (CFD) analysis. Selection of
auxiliary components for the mobile micro-hydropower turbine—such as water treatment,
power conditioning, and energy storage charging systems—must be optimised with respect
to the utilisation of generated energy. Optimisation of these elements can be conducted
with regard to portability, turbine interface connections, and energy intensity. Further
research should examine the feasibility of utilising the mobile micro-water turbine for
combating hydrological drought, powering communities along river corridors during
normal operational flow, and supplying electricity to remote locations lacking conventional
power infrastructure.

Unfortunately, at the present time, the authors are unable to estimate the con-
struction costs of a modular micro-water turbine with regard to its manufacturing and
logistical operations.
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