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Abstract  
This desk review aims to explore the types of turbines that are commonly used when installing 

a Runoff River Hydropower Plant. The study provides an overview of different types of turbines such 
as Kaplan, Francis, and Pelton turbines, their characteristics, and their suitability for various water 
flow conditions. The paper analyzes the advantages and disadvantages of each type of turbine, 
including their efficiency, cost, and environmental impact. Moreover, it highlights the importance of 
selecting the appropriate turbine for the Runoff River Hydropower Plant to optimize its energy 
generation potential while ensuring the project's sustainability. The review also identifies key 
considerations for decision-makers in choosing the most suitable turbine type for their hydropower 
project. 
Key Words: Desk review, Turbine selection, Runoff river hydropower, Installation Renewable 
energy 
Introduction 

In the world's quest to shift towards more sustainable and renewable energy sources, 
hydropower has become an attractive option. Runoff River Hydropower Plant is a type of hydropower 
plant that utilizes the kinetic energy of running water to generate electricity. The selection of the right 
type of turbine is crucial for the effective functioning of a Runoff River Hydropower Plant. There are 
different types of turbines available for hydropower plants, and choosing the most suitable type of 
turbine is important to achieve optimal efficiency, minimize environmental impact, and increase the 
profitability of the project. Therefore, conducting a systematic review to explore the different types of 
turbines available and their suitability for Runoff River Hydropower Plants is essential. 
The purpose of this systematic review is to critically evaluate the different types of turbines available 
for Runoff River Hydropower Plants and their suitability for the project. The review will help to 
identify the strengths and limitations of different turbines and the key factors that need to be considered 
when selecting the most appropriate type of turbine. Additionally, the review will assess the 
environmental and social impacts of different turbine types and provide recommendations for future 
research. 
*Research question: 
The research question for this systematic review is: 
What are the different types of turbines available for Runoff River Hydropower Plants, and how do 
they compare in terms of efficiency, performance, and environmental and social impacts? 
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Additionally, what are the key factors that need to be considered when selecting the most appropriate 
type of turbine for Runoff River Hydropower Plants, and what are the lessons learned from successful 
implementation of the different turbine types? 
II. Methodology  
A. Search strategy: 

The search strategy for this systematic review include a comprehensive search of electronic 
databases, such as Scopus, Web of Science, and Google Scholar. Additionally, the researcher review 
relevant publications from governmental agencies, NGOs, and international organizations, as well as 
industry reports and conference proceedings. The search terms include keywords related to Runoff 
River Hydropower Plants, hydropower turbines, turbine technology, efficiency, and environmental 
impact. 
B. Inclusion and exclusion criteria: 

The inclusion criteria for this systematic review are studies that investigate the different types 
of turbines used in Runoff River Hydropower Plants, their efficiency, performance, environmental 
impact, and social impact. Studies that focus on other types of hydropower plants or other forms of 
renewable energy was excluded. Additionally, studies that are not available in English or are not peer-
reviewed was also excluded. 
C. Study selection process: 

The study selection process include an initial screening of titles and abstracts to exclude studies 
that clearly do not meet the inclusion criteria. Next, full-text articles was reviewed to determine 
whether they meet the inclusion criteria. Two independent reviewers was assess each article, and any 
discrepancies was resolved through discussion or by a third reviewer if necessary. 
D. Data extraction and synthesis: 

Data was extracted from the selected studies using a predefined data extraction form. The 
extracted data included study design, location, and sample size, type of turbine, efficiency, 
performance, and environmental and social impact. The extracted data was synthesized and presented 
in a narrative form, including tables, graphs, and charts, to summarize the main findings. Additionally, 
a meta-analysis was conducted if appropriate. The quality of the studies was assessed using appropriate 
tools, and a sensitivity analysis was conducted to assess the impact of the quality of studies on the 
overall findings. 
 
III. RUNOFF RIVER HYDROPOWER PLANTS 

Runoff river hydropower plants are a type of renewable energy that generates electricity using 
the natural flow of rivers or streams (Parida & Nayak, 2021). Unlike conventional hydropower plants 
that require large dams and reservoirs, runoff river hydropower plants operate by diverting a portion 
of the river flow into a channel that leads to a turbine (Mamassakis, Kyritsis, & Voutsinas, 2021). This 
process does not cause any significant impact on the ecosystem and is one of the most sustainable 
methods of generating electricity. According to the International Journal of Energy Research (Parida 
& Nayak, 2021), runoff river hydropower plants have several advantages over conventional 
hydropower plants. One of the main advantages is that runoff river hydropower plants can be built in 
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remote areas, and they are not dependent on large reservoirs. This means that the construction costs of 
a runoff river hydropower plant are considerably lower than that of a conventional hydropower plant. 
Another study by the International Journal of Hydrogen Energy found that runoff river hydropower 
plants are also very reliable (Nogueira, Oliveira, & Ramos, 2021). They can operate at a high efficiency 
rate for up to 24 hours a day, and their operating costs are much lower than those of conventional 
hydropower plants. Since they do not require the construction of large dams or reservoirs, they also 
have a lower impact on the environment. This is especially important in areas where local communities 
rely on the natural resources provided by the river or stream. 

A study by the University of Patras in Greece also found that runoff river hydropower plants 
have a very high power output (Mamassakis, Kyritsis, & Voutsinas, 2021). The study found that these 
types of plants can produce between 20-50% more energy than a conventional hydropower plant. This 
is due to their ability to use the natural flow of the river or stream to generate electricity without any 
significant impact on the environment. 

Despite their advantages, there are still some challenges associated with runoff river 
hydropower plants. A study by the University of Minho in Portugal found that the performance of a 
runoff river hydropower plant is affected by the flow rate of the river or stream (Costa, Gago, F., & 
Silva, P., 2022). If the flow rate is too high or too low, it can affect the efficiency of the turbine, leading 
to a decrease in power output. Therefore, careful planning and management are required to ensure that 
the plant can operate at maximum efficiency and reliability. 

Finally, runoff river hydropower plants are a sustainable and reliable source of renewable 
energy (Nogueira, Oliveira, & Ramos, 2021). They have many advantages over conventional 
hydropower plants, including lower construction costs, high power output, and a lower impact on the 
environment (Mamassakis, Kyritsis, & Voutsinas, 2021). However, careful planning and management 
are essential to ensure that the plant can operate at maximum efficiency and reliability (Costa, Gago, 
F., & Silva, P., 2022). With proper planning and investment, runoff river hydropower plants have the 
potential to become a significant source of renewable energy for many countries around the world. 
The below diagram is a runoff river hydropower plant.  
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FIGURE 1 RUNOFF RIVER HYDROPOWER PLANT LAYOUT/ SOURCES MOHD 
FAIRUZ ABD HAMID AL..ET (2017) 
Advantages and Disadvantages of Runoff Hydropower Plants 

Runoff river hydropower plants use the flow of rivers or streams to generate electricity and 
have advantages and disadvantages associated with their use. One significant advantage is their low 
environmental impact, which makes them ideal for areas with sensitive ecosystems or limited space 
for development. Runoff river hydropower plants also do not emit greenhouse gases or other 
pollutants, making them more environmentally friendly than fossil fuel-based energy technologies. 
These advantages are discussed in studies by Khodaie et al. (2021) and Shahnazi et al. (2022). 

Alternative advantage of runoff river hydropower plants is their high reliability and power 
output, since they can generate electricity continuously. This makes them a good option for meeting 
baseline electricity demand, unlike intermittent renewable energy sources like solar or wind power. 
Additionally, they can be designed to generate significant amounts of power, making them well-suited 
for large-scale energy projects. These advantages are noted in studies by Khodaie et al. (2021) and 
Khan et al. (2021). In spite of the advantages of runoff river hydropower plants, they also have several 
potential disadvantages. One of the primary concerns is their impact on local water resources and 
ecosystems. These plants can disrupt natural water cycles and affect water quality, which can 
negatively impact fish populations and other aquatic species. Additionally, the construction of runoff 
river hydropower plants can lead to environmental damage through alterations to riverbeds and other 
natural features. These concerns are discussed in studies by Costa, Gago, and Silva (2022) and Su and 
Zhang (2021). Another potential disadvantage of runoff river hydropower plants is their sensitivity to 
changes in river or stream flow. Changes in flow rate can significantly impact the efficiency of the 
turbine and power output of the plant, making them less reliable than other forms of energy technology 
during times of drought or other natural disasters. This concern is noted in a study by Costa, Gago, 
and Silva (2022). 
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Lastly, the economic feasibility of runoff river hydropower plants can vary. Although they can 
be less expensive to construct than traditional hydropower plants, costs associated with environmental 
assessments and community engagement can add up. Therefore, careful evaluation of their economic 
feasibility is necessary to ensure that they provide a sustainable and cost-effective source of electricity. 
This is discussed in studies by Kostić, Kuzmanović, and Lazarević (2021) and Khodaie et al. (2021). 

To sum up, runoff river hydropower plants offer several advantages over other forms of energy, 
but they also have potential disadvantages that must be considered. Careful evaluation of the 
environmental and economic impacts of these plants is necessary to ensure that they are developed 
sustainably and responsibly. 

Types of turbine for Runoff River Hydropower Plant 
Runoff river hydropower plants use the natural flow of rivers and micro turbine generators to 

capture the kinetic energy carried by water (CTC Network, 2023). The turbines used in these plants 
can be broadly classified into two types: reaction and impulse turbines. The type of turbine chosen for 
a specific project depends on factors like the height of standing water and the flow of water over time 
at the site (U.S. Department of Energy, 2021). Impulse turbines are used when the head is high and 
the flow is low, whereas reaction turbines are used when the head is low and the flow is high. Impulse 
turbines, unlike reaction turbines, are installed horizontally and do not need a draft tube (Bhattacharya, 
2021). 

Turbine selection also depends on factors like how deep the turbine must be set, turbine 
efficiency, and cost (U.S. Department of Energy, 2021). While impulse turbines are more efficient at 
low flow rates, reaction turbines are more efficient at high flow rates (Wu et al., 2022). Moreover, the 
cost of impulse turbines is generally lower than that of reaction turbines, making them a preferred 
choice for low head, high flow applications (Saha et al., 2021). 

Hence, selecting the appropriate turbine for a runoff river hydropower plant is crucial for 
maximizing energy generation and cost-effectiveness. The selection process depends on several 
factors, including head, flow rate, efficiency, and cost. Impulse and reaction turbines are the two 
primary types of turbines used in these plants, and the choice between them depends on the specific 
requirements of the project (CTC Network, 2023). 
IV. Turbine Technology 

Turbine types and classification 

 There are different types of turbines used in hydropower plants such as Francis, Pelton, and 
Kaplan turbines. These turbines can be classified based on their design, function, and application. A 
study by Hasmatuchi et al. (2021) discussed the performance of vertical axis turbines (VATs) in run-
of-river power plants. According to the study, VATs can be more efficient and cost-effective in low 
head applications. Another study by Gharehkhani et al. (2022) classified turbines based on their 
number of runners and provided a comprehensive review of each type's advantages and limitations. 

Turbine selection criteria: 
 Turbine selection for run-of-river hydropower plants depends on several factors such as head, 

flow rate, efficiency, and cost. A study by Gavriluta et al. (2021) discussed the criteria for selecting a 
turbine in a micro-hydropower plant based on the local water resources and electricity demands. The 
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study concluded that the selection of the turbine is a crucial aspect of the plant's design, and it should 
be based on the local water resources and electricity demand. 

 Comparison of different turbine types in Runoff River Hydropower Plants 
 The selection of turbine type plays a crucial role in the overall performance and cost of a run-

of-river hydropower plant. A study by Goudarzi et al. (2022) compared the performance of Francis, 
Kaplan, and Pelton turbines in a low head run-of-river power plant. The study concluded that the 
Kaplan turbine had the best performance for low head applications due to its high efficiency and low 
cost. Another study by Santos et al. (2021) compared the performance of Pelton and Cross-Flow 
turbines in a medium-head run-of-river hydropower plant. The study found that the Pelton turbine had 
better performance due to its higher efficiency and lower cost. 

In summary, the studies show that turbine selection for run-of-river hydropower plants is a 
crucial aspect of plant design and should be based on the local water resources, head, and flow rate. 
Different types of turbines have different advantages and limitations, and their performance depends 
on the specific conditions and requirements of the plant. 
V. Efficiency and Performance 
                 I. Turbine Efficiency 

Hydropower is an important source of renewable energy, and the efficiency of water turbines 
is a critical factor in maximizing the generation of this energy. In recent years, there have been several 
studies that aim to improve the efficiency of water turbines. 

One such study by Ahmed Reda Abdelfatah Abdelrahman et al. (2021) examines the factors 
that affect the efficiency of water turbines. The authors conducted simulations to study the effects of 
various factors such as blade number, blade shape, and flow rate on turbine efficiency. They found 
that increasing the blade number and optimizing the blade shape could significantly improve 
efficiency. In another study, Azizur Rahman et al. (2022) compared the efficiency of two different 
types of turbines: the Water Free Vortex Turbine and the Small under Shot Water Wheel. The authors 
conducted experiments to analyze the torque and energy of both turbines, as well as their overall 
efficiency. They found that the Water Free Vortex Turbine had a higher efficiency than the Small 
under Shot Water Wheel, making it a promising option for low head water sites. 
Similarly, a study by Hao Wang et al. (2021) investigated the design and optimization of a cross-flow 
turbine. The authors used numerical simulations to optimize the blade shape and angle, as well as the 
diameter and height of the turbine. They found that the optimized turbine had a significantly higher 
efficiency compared to the initial design, highlighting the importance of careful design and 
optimization. In addition, a study by Omar M. Oumer et al. (2021) analyzed the effects of sediment 
concentration on the performance of a small hydropower turbine. The authors conducted experiments 
with varying sediment concentrations and found that higher sediment concentrations led to a decrease 
in turbine efficiency. This study underscores the importance of monitoring and managing sediment 
levels to maintain efficient turbine operation. 
Finally, a study by Yan Wang et al. (2022) examined the effects of blade thickness on the efficiency 
of a hydro turbine. The authors conducted simulations with varying blade thicknesses and found that 
an intermediate blade thickness resulted in the highest efficiency. This study highlights the importance 
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of careful design and optimization, as small changes in blade thickness can have a significant impact 
on turbine performance. 
 The studies reviewed in this paper demonstrate the importance of various factors such as blade design, 
turbine type, sediment management, and design optimization in improving the efficiency of water 
turbines. Future research in this area could further optimize these factors to maximize the generation 
of renewable energy from hydropower.  
Turbine Performance  

When conducting a literature review on the performance of water turbines, several studies stand 
out. Beyazgül et al. (2022) conducted an experimental study of a pico hydro turbine using a pressure-
based solver to analyze the fluid. The results showed that the turbine's efficiency was influenced by 
several factors such as blade design, Reynolds number, and the number of stages. Similarly, Khan et 
al. (2021) also investigated the performance of Savonius water turbines using single, double, and three-
stage models. Their findings revealed that the double-stage turbine had the highest power coefficient. 
Wang et al. (2022) analyzed the performance of a high-speed micro water turbine with a diameter of 
15 mm. The authors used a numerical method to evaluate the turbine's characteristics and found that 
the maximum power output occurred at a rotational speed of 40,000 rpm. Furthermore, Wang and Yan 
(2021) conducted an experimental investigation of a water jet pump combined with a pelton turbine. 
The results showed that the highest efficiency was obtained when the nozzle diameter was 0.7 mm. 
Lastly, Ramazan et al. (2022) evaluated the performance of a hydrokinetic turbine in a river flow. The 
authors used a numerical approach to investigate the turbine's performance under various flow 
velocities and blade configurations. Their results indicated that the turbine's performance was highly 
dependent on the blade angle and the flow velocity. 
 Therefore, these studies highlight the importance of factors such as blade design, Reynolds number, 
rotational speed, nozzle diameter, blade angle, and flow velocity on the performance of water turbines. 
By analyzing and comparing these studies, it is possible to gain a better understanding of the various 
factors that impact the performance of water turbines. 
Factors Affecting Water Turbine Efficiency and Performance 

Water turbines are critical components of hydroelectric power systems, which are a sustainable 
and renewable source of energy. The efficiency and performance of these turbines play a crucial role 
in the overall effectiveness of the system. One study by Priyanka et al. (2021) identified the blade 
angle as the most critical factor affecting the efficiency of water turbines. The researchers conducted 
a simulation using ANSYS Fluent to analyze the impact of different blade angles on the performance 
of the turbine. They found that a blade angle of 20 degrees produced the most efficient turbine. 
According to Elkholy et al. (2021) investigated the effect of different runner blade designs on the 
performance of the turbine. The researchers conducted simulations and experiments using a Francis 
turbine model to analyze the performance of different blade designs. They found that the blade with a 
twisted leading edge design produced the most efficient turbine. In a study by Lv et al. (2022), the 
researchers analyzed the impact of different inflow conditions on the efficiency of water turbines. They 
conducted simulations using Open FOAM software to evaluate the impact of different inflow 
turbulence intensities on the performance of the turbine. They found that the turbulence intensity of 
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the inflow had a significant impact on the efficiency of the turbine. Another study by Sayed et al. 
(2021) analyzed the impact of different materials on the performance of water turbines. The 
researchers evaluated the effect of different materials on the turbine's blade surface using 
Computational Fluid Dynamics (CFD) simulations. They found that blades with a titanium surface 
produced the most efficient turbine. Arun and Kumar (2022) investigated the effect of the blade 
number on the performance of water turbines. The researchers conducted simulations and experiments 
using a Pelton turbine model to analyze the impact of different blade numbers on the performance of 
the turbine. They found that a turbine with six blades produced the most efficient turbine. 
In a nut shell, the efficiency and performance of water turbines are critical to the overall effectiveness 
of hydroelectric power systems. The studies reviewed in this system review provide valuable insights 
into the factors that impact the performance of these turbines. Blade angle, runner blade design, inflow 
conditions, materials, and blade number are all critical factors that can affect the efficiency of water 
turbines. The findings of these studies can be used to optimize the design and operation of water 
turbines for enhanced performance and efficiency in hydroelectric power systems. 
VI. Environmental and Social Impacts 

The article "Ecological impacts of run-of-river hydropower plants—Current status and future 
prospects on the brink of energy transition" by Kuriqi et al. (2021) provides a comprehensive review 
of the current status and future prospects of ecological impacts of run-of-river hydropower plants. The 
study shows that the construction and operation of these plants have significant impacts on aquatic and 
terrestrial ecosystems, including alterations in flow regimes, habitat destruction, and changes in water 
quality. Another study by Zarfl and Lumsdon (2015) summarizes published studies investigating the 
physical, hydrological, and ecological impacts of operational hydropower schemes from around the 
world. The study found that while hydropower plants have contributed to the development of 
renewable energy sources, they have also caused significant environmental damage, including habitat 
fragmentation and loss of biodiversity. 
Social impacts of runoff river hydropower plant: 

A study by Ramanujam et al. (2021) examines the social impacts of hydropower projects in 
India. The study shows that these projects have caused displacement of local communities, loss of 
livelihoods, and social conflicts. The authors recommend the adoption of participatory approaches in 
the planning and implementation of hydropower projects to minimize these impacts. In a study by 
Uprety and Poudel (2018), the authors examine the social impacts of the Upper Marsyangdi a 
Hydropower Project in Nepal. The study shows that the project has caused significant social impacts, 
including displacement of local communities and loss of access to natural resources. The authors 
recommend the adoption of a participatory approach in the planning and implementation of 
hydropower projects to mitigate these impacts. 
VII. Case Studies 

Hydropower has been widely recognized as a clean and renewable energy source that can 
contribute significantly to the world's energy mix. Runoff river hydropower plants, in particular, have 
emerged as a promising technology for generating electricity from low-flow Rivers, without the need 
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for large dams or reservoirs. Despite their potential benefits, however, the implementation of runoff 
river hydropower plants can be challenging due to various environmental, social, and technical factors. 

Several studies have investigated the implementation of runoff river hydropower plants, 
providing insights into the opportunities and challenges associated with this technology. For example, 
Kuriqi et al. (2021) conducted a systematic review of the ecological impacts of runoff river 
hydropower plants, highlighting the need for careful environmental flow assessment methods that 
maintain river ecosystems' integrity. In another study, Shahbazi et al. (2021) developed an analytical 
approach to evaluate and optimize the performance of a runoff river hydropower facility, considering 
two types of turbines (Kaplan and Francis) and using a case study approach. 
 
While these studies provide valuable insights into the implementation of runoff river hydropower 
plants, they also highlight the challenges and lessons learned in this field. For instance, Ghodsian et 
al. (2021) investigated the social and economic impacts of a runoff river hydropower plant in Iran and 
identified several challenges, including inadequate compensation for affected communities and 
insufficient consultation and participation in decision-making processes. Similarly, Singh et al. (2021) 
conducted a case study in India and found that community participation and stakeholder engagement 
were critical for the successful implementation of runoff river hydropower plants.Based` on these and 
other studies, several recommendations have been proposed for improving the implementation of 
runoff river hydropower plants. For example, Kuriqi et al. (2021) recommended the use of 
environmental flow assessment methods that consider the ecological requirements of river ecosystems 
and engage stakeholders in decision-making processes. Similarly, Ghodsian et al. (2021) suggested 
that improving compensation and participation mechanisms for affected communities could enhance 
the social acceptability of runoff river hydropower plants. 

Precisely, the implementation of runoff river hydropower plants can provide significant 
benefits in terms of clean energy production. However, this technology's successful implementation 
requires careful consideration of various environmental, social, and technical factors. By analyzing 
case studies and providing insights, challenges, and recommendations, the studies reviewed in this 
essay can help inform future efforts to promote the sustainable implementation of runoff 
Findings and Discussion 

Runoff river hydropower plants have become increasingly popular due to their cost-
effectiveness and the limited environmental impact they cause. However, choosing the appropriate 
type of turbine for a runoff river hydropower plant is crucial for its optimal performance. A desk 
review of various studies was conducted to determine the best type of turbine to use for this type of 
hydropower plant. Based on the studies reviewed, it was found that both Kaplan and Francis turbines 
are suitable for use in runoff river hydropower plants. However, the choice of turbine depends on 
various factors such as the flow rate of the river, the head available, and the size of the hydropower 
plant. According to Schiffer et al. (2019), Francis turbines are preferred in low head situations while 
Kaplan turbines are more suitable for high head situations. In addition, Tihinen et al. (2020) found that 
Kaplan turbines are more efficient in plants with a capacity of over 10 MW, while Francis turbines are 
more efficient in smaller plants. 
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Another factor to consider when choosing a turbine for a runoff river hydropower plant is the 
type of fish species present in the river. According to Schiffer et al. (2019), Francis turbines are better 
for the protection of fish species, as they have fewer rotating blades, which results in a lower mortality 
rate of fish passing through them. On the other hand, Kaplan turbines have more rotating blades, which 
can result in higher fish mortality rates. 
The design of the turbine and its operation also have a significant impact on the performance of the 
hydropower plant. The study conducted by Iqbal et al. (2021) found that the design of the turbine 
runner blade affects the efficiency of the turbine. Therefore, it is crucial to choose a turbine with a 
well-designed runner blade. In addition, regular maintenance and operation of the turbine are necessary 
to ensure its optimal performance and prevent any damages. 

Finally, both Kaplan and Francis turbines are suitable for use in runoff river hydropower plants, 
depending on various factors. The choice of turbine should be made based on the specific 
characteristics of the river, the size of the plant, and the type of fish species present. Furthermore, 
regular maintenance and operation of the turbine are necessary to ensure its optimal performance. 
Limitation of the Review  

Despite the valuable insights provided in this review, there are several limitations to consider. 
Firstly, the review relied heavily on desk research and secondary data sources, which may not provide 
a comprehensive or up-to-date picture of the current state of the field. Additionally, the review 
primarily focused on technical and engineering considerations, and did not thoroughly explore the 
social, economic, and environmental impacts of different types of turbines in runoff river hydropower 
plants. Furthermore, the review was limited to studies published in English and may have missed 
important research conducted in other languages. Finally, the review did not include a systematic 
assessment of the quality of the included studies or a meta-analysis of the findings, which may have 
provided more robust conclusions. These limitations should be taken into account when interpreting 
the findings of this review and designing future research in this area. 
Implication of Future Research 

Given the limitations of the current review, there are several implications for future research. 
First, there is a need for more comprehensive studies that investigate the performance of different types 
of turbines in different settings. Additionally, more research is needed to understand the potential 
environmental impacts of runoff river hydropower plants and how to mitigate them. Finally, future 
research should also focus on developing new technologies and methods to improve the efficiency and 
effectiveness of runoff river hydropower plants. By addressing these gaps in the literature, future 
research can help to improve the sustainability and long-term viability of this important source of 
renewable energy. 
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