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Abstract: Small Hydro Power Plants (SHPPs) represent a very important renewable energy source and is becoming 
more and more expensive in the world. Unfortunately, this is not the case in our country. The choice of turbine SHPP is 
an extremely complex task because it has a decisive influence on the performance characteristics of the SHPP 
(efficiency, impeller power, average annual production of electricity, impeller RPM, dimensions, price,...). 
In this paper, the methodology for selecting the SHPP turbine is defined based on the most important parameters. The 
methodology has been applied to the specific location located on the Mlava River, but it is most important that it can be 
applied at any other location. At the end of the paper, conclusions and directions for further research is given. 
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1. INTRODUCTION 
 
One of the efficient, but still insufficiently exploited 
renewable energy sources are SHPPs. There is no exact 
boundary in the world that defines the category of small 
hydropower plants. Upper limit of SHPPs is influenced by 
many parameters, such as: level of country economic 
development, electricity greed development, available and 
usable water resources, natural conditions of topography 
and geology, level of industry development, richness in 
coal, oil derivatives and other energy raw materials, size 
and area of the settlement, or population density... Some 
countries such as Portugal, Spain, Ireland, Greece and 
Belgium have accepted 10 MW as the upper limit of the 
installed capacity. In Italy, the limit is 3 MW, in Sweden 
1.5 MW, in France 8 MW, in India 15 MW. In countries 
with large hydropower plants and high consumption, such 
as Canada and the United States, a SHPP means a plant 
below 30 MW [1]. However, the upper limit of up to 10 
MW is increasingly being accepted in Europe and the 
European Small Hydropower Association (ESHA). 
According to the existing Law on Energy, in Serbia under 
small hydroelectric power plant is meant an energy 
facility for electricity generation of installed power up to 
10 MW [2]. 
The construction of a small hydropower plant is not a 
simple assignment, because a large number of businesses, 
engineering, financial, legal and administrative aspects 
should be taken into account in different stages of 
development, starting from the construction site selection 
to the operational phase of the SHPP. In the construction 
of SHPP essential components are machine and electrical 
equipment, whose construction depends on the type of 
hydroelectric power plant, local conditions, accessibility 
of building materials, etc. 
The viable use of hydropower in the Republic of Serbia is 
reduced to the construction of small storage and flow 
hydroelectric power plants. These power plants are most 

commonly comprised of dams, gutters, waterways, drains, 
overpasses, channels, pressure pipelines and machine 
buildings [1]. The machine building of SHPP is reduced 
practically to only one room with an aggregate. The small 
hydro power plant's aggregate consists of turbine, 
generator, control cabinet and regulator. 
Certainly, the key element of the SHPP is the turbine. The 
most commonly used are Pelton, Turgo, Banks, Francesis, 
Kaplan and tubular turbines. 
The choice of a turbine is not a simple and clearly defined 
process. It is based on recommendations from literature, 
manufacturer recommendations, previous experiences, 
etc. On the other hand, the choice of the turbine 
significantly influences the performance characteristics of 
the SHPP, such as: turbine shaft power, turbine utilization 
rate, average annual production of electricity, turbine 
speed, turbine impeller dimensions, production costs, ... 
An impact analysis of selected turbine type was 
performed in the framework of this paper for one SHPP in 
Serbia. 
 

2. BASE CHARACTERISTICS OF 
ANALYZED SHPP 

 

The location for the construction of SHPP is located on 
the river Mlava, upstream from Ribare, and downstream 
of the bridge in the settlement Izvarica (Figure 1). 
The hydrological analysis of the watercourse is the most 
important basis for the proper design of the project. Based 
on previously mentioned criterias selection of all 
components of the small hydroelectric power plant is 
carried out. 
Hydrological data obtained by measuring at the adopted 
location have the following values: 
- Area of the basin Fsl=408,8 km2;  
- Average precipitation Psr=800 mm;  
- Average flow Qsr=4,29 m3/s;  
- Annual inflow Wgod=135,21 hm3,  
- Specific drain 10,5 l/sec/km2;  
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- Evacuation large water level Qev= 550 m3/s;  
- Minimum flow Qec≈0,4 m3/s;  
- Maximum installed flow Qt=6,44 m3/s;  
- Gross drop Hb=11 m [3]. 
 

 
 

Fig.1. Location position [4] 
 

Based on the field topography and technical data, a 
schematic diagram of the hydroelectric power plant can 
be adopted, Figure 2. 
 

 
 

Fig.2. SHPP schematic view [4] 
 

3. BASIC CRITERIA FOR TURBINE 
SELECTION 

 

The choice of turbines for SHPP depends on the available 
net drop and flow, the price of the plant, the number of 
generators, maintenance requirements and other criteria. 
Therefore, the hydro turbine should be selected to suit the 
conditions that occur at a specific location, with the aim 
of achieving the expected high efficiency. Different falls 
and available flows occur in different locations, and the 
number of flow and fall combinations is practically equal 
to the number of locations, and only by chance the same 
turbine, with all of the same dimensions and 
characteristics, can be efficiently used in multiple 
locations. 
In order to compare the basic parameters of different 
turbines, the same net drop Hn = 10,255 m will be used 
and the maximum flow Qt = 6,44 m3/s, in order to select 
the most suitable turbine for the aforementioned location. 
The choice of the type of turbine is made based on 
recommendations from the literature in the function of the 
net drop of Hn and the turbine flow Qt. The available 
literature contains different types of recommendations 

(most often in the form of diagrams), so it must be taken 
into account whether the recommendations refer to the 
selection of a turbine of a pico, micro, mini, small or large 
hydroelectric power plant. In addition, on such diagrams 
there are areas of overlap, so several types of turbines can 
be selected for the same location. Therefore, for the 
further selection of the turbine, other factors are taken into 
account (efficiency, turbine power, costs, etc.). 
 

 
Fig.3. Usage filed of different turbines related to flow and 

net drop [5] 
 

For the chosen location (Figure 3) Francis, Kaplan or 
Banki turbine can be used. 
These three different types of turbines has a different 
efficiency, Figure 4.  
 

 
 

Fig.4. Efficiency of different types of turbines in relation 
to decreased flow [5] 

 

For the relation of maximum and average flow Qsr / Qt = 
0,666, efficiencies are show in figure 5. 
 

 
 

Fig.5. Efficiencies for the different types of turbines for 
the selected location 
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Power on the impeller shaft Pt can be calculated by 
following expression [6]: 

ntt HQP  9,81t  kW       (1) 

where are: 

tQ  /sm3  - turbine flow, 

nH  m  - net drop, 

T  - turbine efficiency. 

The calculated power for different types of turbines is 
given in Fig 6. 
 

 
 

Fig.6. Power of the impeller shaft Pt for different turbine 
types for the selected location 

 

Turbine efficiency ηt also affects the average annual 
electricity production Eyr: 

T
HQ

T
P

E nsrtgG
yr 







 cos

81,9

cos
kWh  (2) 

where are: 
96,0g  - the efficiency of synchronous generator with 

six poles pairs, 
4000T  h – annual working hours, 

80,0  - a nominal power factor that determines the 

ability of the generator to produce reactive power. 
Figure 6 shows the values of average annual electricity 
production for analyzed turbines. 
 

 
 

Fig.7. Average annual electricity generation Eyr for 
different turbine types for the selected location 

 

Hydro turbines are very expensive machines, and before 
the construction of the turbine itself, the laboratory 
models are tested. These models are based on similarity 
theory based on parameters such as: net drop, flow, water 
density, speed, earth acceleration, etc. One of the 
important parameters for testing the turbine is the 
dimensional specific nQE RPM. It is defined by the 
equation [6]: 

4/360 E

Q
t

n

QE
n




       (3) 

where are: 

tn  min-1 – turbine RPM, 

gnHE   J/Kg – specific hydraulics energy. 

Also, the specific nQE RPM can also be determined from 
the relationship of similarity between the model and the 
actual turbine. All simulation rules are strictly defined by 
international standards IEC 60193 and 60041 [6]. 
Based on the large number of static tests on a large 
number of models, the correlation between the specific 
number of rotations and the net drop for each type of 
turbine was established [6,7], Table 1. These values 
should not be considered as final because they are 
relatively variable due to further testing. Also, these static 
formulas should be used only for preliminary studies, 
since only manufacturers can give the actual dimensions 
and characteristics of the turbine. 
 
Tab. 1. Specific RPM  for different turbine types  
 

Turbine type Preliminary equation 

Pelton turbine with 
one nozzle 243,0

0859,0

nH
QEn   

Francis turbine 512,0
924,1

nH
QEn 

Kaplan turbine 486,0
294,2

nH
QEn 

Banki turbine 2998,0
107,1

nH
QEn 

Impeller turbine 5,0
716,2

nH
QEn 

Pipe turbine 2837,0
528,1

nH
QEn 

 
The calculated values of the specific nQE RPM for 
different turbine types are given in Figure 8. 
 

 
 

Fig.8. Specific nQE RPM for different turbine types for the 
selected location 

 
When the specific nQE RPM is known, based on 
expression (3), it is easy to calculate the turbine speed nt. 
The calculated values are shown in Figure 9. 

Francis       Kaplan         Banki 

     Francis       Kaplan         Banki 

   Francis       Kaplan         Banki
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Fig.9. Impeller RPM nt for different turbine types for the 
selected location 

 
Also, by knowing the specific number of nQE RPM, the 
number of turbine rotations nt, and based on the 
expressions obtained by the tests on the scaled models, 
the basic dimensions of the turbine impellers can be 
preliminarily determined (Table 2) [6,7,8,9]. The 
calculated values of the impeller dimensions are given in 
Figure 10. 
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Fig.10. Different turbine impeller diameters for the 
selected location 

 

z ≥ 17 

nd – nozzle number
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A very important parameter in choosing a turbine is its 
price. In the literature, it is difficult to find a reliable 
expression for calculating costs that take into account the 
type of turbine, [10, 11, 12, 13,14]. Most of these 
preliminary expressions are in the function of the net drop 
of Hn and the installed power of Pt. Since each turbine has 
a different efficiency η, the turbine prices differ for the 
minimum difference due to the different value of 
efficiency ηt [15,16]. Only Papantonis [17] estimates the 
costs of Kaplan, Frances and Pelton turbines based on 
data analysis from different manufacturers. 
The turbine price is influenced by impeller 
manufacturing, the material, the enclosure of the impeller, 
the conducting apparatus, the introductory chamber, the 
generator mounting, etc., so there are certain bands. To a 
certain size, depending on the manufacturer, the Kaplan 
and Francis turbine impellers are one-piece castings. For 
larger diameters, the impeller is made by welding blades 
the hub. In cases of very large duty impellers, the 
production is made from parts. 
Costs Kaplan turbine CK are defined for two flows Qt in 
m3/s. For a range of 0.5 to 5 m3/s, the turbine cost can be 
estimated based on the expression: 

  €,15000 68,0
1 HQCK   

or 

  €,3500 68,0
1 KWCK   

 
For flow range from 5 to 30 m3/s, costs are calculated by 
using the expression: 

  €,46000 35,0
2 HQCK   

or 

  €,14000 35,0
2 KWCK   

 
Costs of the Francis turbine CF are defined in 3 flow 
ranges Qt in m3/s. For the flow range from 0,5 do 2,5 
m3/s, costs can be estimated by expression: 

  €,142000
07,05,0

1 HQCF    

or 

  €,/122000
07,05,0

1 HKWCF   

 
For the higher flow range from 2,5 to 10 m3/s it is used: 

  €,282000
11,05,0

2 HQCF   

or 

  €,/223000
011,05,0

2 HKWCF   

For the flow range greater than 10 m3/s, turbine cost can 
be estimated by following expression: 

  €,/50000
52,05,0

3 HQCF   

or 

  €,/16500
52,05,0

3 HKWCF   

 
Pelton turbine costs can be calculated by expressions: 

  €,8300 54,0HQCP   

or 

  €,2600 54,0KWCP   

However, for the production of the Pelton turbine, the 
costs remain generally the same [14].  
The costs of Fransis and Kaplan turbines manufacturing 
are given in Figure 11. 
 

 
 

Fig.11. Turbine expenses for the selected location 
 
4. CONCLUSION 
 
Small hydroelectric power plants represent outstanding 
energy potential, but unfortunately, in our country it is 
still under-exploited. The performance characteristics of 
SHPP are significantly influenced by the choice of 
turbine, which is usually done based on recommendations 
from literature, manufacturer recommendations, previous 
experiences etc. However, the choice itself is not a simple 
and clearly defined procedure. The limits of the use of 
certain types of turbines are not clearly defined, so the 
overlap fields appear. 
In this paper, an impact analysis of the selected turbine on 
the performance characteristics of the SHPP was 
performed for one specific location in Serbia (the Mlava 
River, upstream from Ribare) [18]. Three types of 
turbines (Francis, Kaplan and Banki) are analyzed and for 
each of them: efficiency, power on the impeller, average 
annual production of electricity, specific RPM, impeller 
RPM, dimensions and costs. 
For the selected location, Kaplan's turbine has the highest 
efficiency, and thus the highest power. This also applies 
to the average annual electricity production, which affects 
the total annual SHPP revenue from the sale of electricity. 
Kaplan turbine has the highest number of revolutions for 
maximum flow in the rainy period. However, in a dry 
period, with a decrease in flow, the speed of the impeller 
decreases. The smallest diameter of the impeller has a 
Banki turbine, and Francis is the largest. It should be 
noted that, besides the small diameter of the impeller, the 
Banki turbine have is the longest. The dimensions of the 
impellers are very important because they directly affect 
the size of the machine building. Kaplan turbine is the 
most affordable and costs-friendly. 
Having in mind all the above, the best solution for the 
selected particular location is Kaplan's turbine. 
The procedure defined in this paper can also be applied to 
any other location. 
 

     Francis           Kaplan 
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