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ABSTRACT 
In the new millennium, the demand for electric power is expected to increase more rapidly. Hydroelectric power plants using hy-

dro potential of small rivers are becoming one of the key issues in the energy sector. Hydro energy is one of the most important re-
newable energy sources and the only source of energy that is currently cost-competitive to fossil fuels. Small hydro power plants can 
provide clean electric energy and bring electricity to remote agricultural areas, which are not near transmission lines. This paper 
presents a small-scale hydropower system based on a permanent magnet synchronous generator (PMSG) and AC/AC power con-
verter. The system can be used in agriculture for irrigation pumps, greenhouse heating and ventilation, and plant lighting. 
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REZIME 
Potrebe za električnom energijom u novom milenijumu se brzo uvećavaju. Hidroelektrane koje koriste hidropotencijal malih 

vodotokova postaju jedna od ključnih tema u oblasti energetskog sektora.  Energija vodotokova predstavlja jedan od najznačajnijih 
obnovljivih izvora energije, a ujedno i jedini izvor energije koji je trenutno ekonomski konkurentan fosilnim gorivima. Male 
hidroelektrane mogu obezbediti čistu električnu energiju i obezbediti napajanje udaljenih poljoprivrednih područja u kojima ne 
postoji distributivna električna mreža. U ovom radu je predstavljen sistem male hidroelektrane sa sinhronim generatorom sa stalnim 
magnetima i AC/AC energetskim pretvaračem. Predstavljeni sistem se može koristiti u poljoprivredi za napajanje električnih pumpi 
za navodnjavanje, za zagrevanje i ventilaciju staklenika i napajanje sistema osvetljavanja biljaka. 

Ključne reči: male hidroelektrane, sinhroni generator, AC/AC pretvarač, PWM upravljanje. 
 
INTRODUCTION 
Hydropower is one of the oldest sources of energy known to 

mankind. Throughout the ages, the force of falling water has 
been an important source of power. At the end of the 19th cen-
tury and the beginning of the 20th century, the primary objective 
in hydropower development was to utilize it for mechanical 
drives. Even today, hydropower remains an important source of 
electric power. Major efforts have been made in order to im-
prove the equipment to meet increasingly complex requirements 
of large hydropower systems. 

Most today’s hydropower systems are large-scale and they 
unfortunately entail many environmental issues, such as large 
dams, detrimental impacts on wildlife habitats, fish migration, 
and water flow and quality. In addition, the present potential of 
most favourable large-scale hydropower locations is already ex-
ploited. Small hydropower stations are the key solution. Nowa-
days, a small-scale hydroelectric plant is one of the most cost-
effective energy technologies to be considered for providing 
clean electric energy and electricity to remote villages which are 
not near transmission lines (Dragu et al., 2001). A small hydroe-
lectric plant is, in most cases, run-of-river. A dam is quite small, 
usually just a weir (A Guide to UK Mini). Therefore, run-of-river 
hydropower stations do not have the same kinds of adverse ef-
fect on the environment as large-scale hydropower stations (A 
Guide to UK Mini). This does not preclude the possibility of us-
ing small (mini) hydroelectric power as a source of energy for 
homes or farms. Water going through a hydropower plant is not 
altered in any way and is available for agricultural use even after 
it had been used to generate electricity. Additionally, electrical 
energy produced in this way can also be used for various agricul-
tural purposes (irrigation pumps, greenhouse heating (Radojčin 

et al., 2007) and ventilation, lighting plant lighting, etc.). There 
are other possibilities, like diesel generators, to produce electric 
power in remote areas, but fuel and maintenance in the long term 
increase the price, compared to small-scale hydropower.  

The current tendency in the field of small hydroelectric 
plants is to take advantage of existing flow patterns at a suitable 
site and avoid difficulties that could arise from altering the water 
use. The small hydropower plant can be integrated in water sup-
plying systems or in existing irrigation channels (Ramos and 
Betâmio, 1999). In addition to the importance of generating en-
ergy from clean and renewable sources, hydropower has even 
greater importance in the increased flow of drainage networks. 
Channel drainage networks are dimensioned for extreme phe-
nomena in the exploitation, which are rare and most of the year 
they remain unused. Energy production includes hydro forced 
labour, and thus the increased flow. 

The motivation for this article is to present some principles 
for improving the efficiency of small-scale hydropower systems. 

Nomenclature 
P (kW)  – power at the generator terminal, 
Q (m3/s)  – flow in pipeline, 
H (m)  – the net head, 
η  – the efficiency of the system, considering the effi-

ciency of the turbine and generator. 

MATERIAL AND METHOD 
Electrical energy is necessary for everyday operations of 

human society. Power stations and transmission lines are the 
main structure of the electric power system for power supply of 
end-users. But, the problem occurs when remote areas are not 
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near public transition lines. Small hydropower plants can pro-
vide clean electric energy and electricity to remote agricultural 
areas which are not near transmission lines.  

Hydro – scheme components 
Small-scale hydropower systems consist of these basic com-

ponents: 
• Water channel (pipeline) – delivers the water, 
• Turbine – transforms the energy of flowing water into me-
chanical energy, 
• Generator – transforms the mechanical energy into electric-
ity, 
• Control – monitors the operation of the hydro system. 

Even though there are several ways to produce electrical en-
ergy from the moving water, run-of-the-river systems, which do 
not require large storage reservoirs or dams, are often used for 
small (micro) hydro systems. For run-of-the-river hydro systems, 
a portion of a river’s water is directed to a channel or pipeline 
that delivers it to a turbine. A channel or a pipeline is mainly 
plastic, concrete or steel. They are often placed aboveground 
(Small Hydropower Systems). Dams are rarely used in micro hy-
droelectric projects. 

 Hydro turbines convert the energy from falling water 
into rotating shaft power. The moving water strikes the turbine 
blades that spin a shaft. There are two general types of turbines 
divided by their principle of operation: impulse and reaction 
(Pilić et al., 1996). Impulse turbines have the least complex de-
sign and are most commonly used for high head hydro systems. 
They work on the principle of the velocity of water to move the 
turbine. The most common types of impulse turbines are the Pel-
ton, the Turgo and the Crossflow (Banki). Reaction turbines are 
highly efficient turbines. They rely on water pressure. All blades 
of the reaction turbine maintain constant contact with the water. 
These turbines are often used in large-scale hydropower sites. In 
some cases the blades of the runner can also be adjusted. The 
most common types of reaction turbines are the Kaplan and the 
Francis. The selection of the turbine depends on the head and 
flow, and the desired running speed of the generator. An error at 
this step can decrease the cost-efficiency of the project (Small 
Hydro Power). The approximate ranges of head, flow and power 
applicable to different turbine types are showed in the chart 
Fig.1.  

 

 
 

Fig. 1. Head-flow ranges of small hydro turbines. 
 

A significant factor in the comparison of different turbine 
types is their relative efficiency, both at their design point and at 
reduced flows. Typical efficiency curves are shown in Fig. 2 
(Ramos and Betâmio, 1999). The variability of the flow is an 

important parameter and has great impact on the choice of tur-
bine. Modern hydro turbines can convert as much as 90 % of the 
available energy into electricity. The best fossil fuel plants are 
only about 60 % efficient. 

 

 

Fig. 2. Turbine efficiencies. 
 

There are two types of AC generators that can be used in 
small hydroelectric plants: asynchronous and synchronous ma-
chines. The asynchronous generator must normally be operated 
in conjunction with other generators or capacitors. They are gen-
erally best suited for small hydroelectric plants providing energy 
to a large existing electricity grid. The reasons for this are eco-
nomic due to lower investment costs (Oros et al., 2008). The 
construction is simpler, when compared to synchronous genera-
tors, and asynchronous generators are lighter, cheaper and do not 
require synchronization or voltage controls (Small Hydro 
Power). The biggest drawback of the asynchronous generator is 
the lagging power factor because the machine is magnetized 
from the stator (Puranen, 2006). This means that less power is 
available with a given current than for example with permanent 
magnet synchronous machines. If asynchronous generator oper-
ates in isolated electricity grid, capacitors are necessary. Syn-
chronous generator can operate in isolated electricity grid and 
they are best suited for stand-alone small hydroelectric plants. 
The voltage is maintained by control of excitation of the syn-
chronous generator and frequency is maintained by eliminating 
the mismatch between generation and load demand. The power 
can be controlled by controlling the flow of water being fed to 
the turbine in accordance with the load perturbations and thereby 
maintains the frequency of the system at the desired level.  

Small hydroelectric plants also include a speed increaser be-
tween turbine and the generator, hydraulic control system for 
turbines and valves, electrical protection and control system, etc. 
(Fig. 3 (Ramos and Betâmio, 1999)). 
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Fig. 3. Power conversion scheme. 
 

 
Many systems also use electronic power converters to 

achieve the required electric power quality. Some systems also 
use batteries to accumulate generated electricity, although batter-
ies may not always be practical for hydropower systems. 
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Estimating the power output 
There is a simple equation that can be used to estimate the 

power output for a system. The theoretical power output is 
(Fritz, 1984): 

 

81.9⋅⋅⋅= ηHQP   (1) 
 

When estimating the power of small hydroelectric units (e.g., 
micro-turbines), turbine efficiency is usually assumed to be 70 – 
75 % (Small Hydro Power). Generator efficiency can be as-
sumed to be 85 – 90 %. Thus, electrical power can be estimated 
by the following formula: 

 

HQP ⋅⋅−= 76   (2) 

RESULTS AND DISCUSSION 
The utilization of a modern small-scale hydropower plant is 

based on new technologies which are influenced by the turbine 
and generator performance, the efficiency of the system and 
automation. In order to meet the higher level of the small hydro-
power system efficiency, this paper proposes a novel solution of 
a small-scale hydropower plant based on permanent magnet syn-
chronous generator (PMSG). With PMSG, it is possible to use 
higher flux densities than with asynchronous generator (Pura-
nen, 2006). A PMSG with a high air gap flux density also re-
quires less stator current to generate electric power, compared to 
asynchronous generator. A lower stator current effectively de-
creases the stator copper losses. PMSG is also characterized by 
the absence of brushes and negligible rotor losses. This has a 
significant effect on the generator efficiency. These generators 
have high efficiency (up to 97%) (Small Hydro Power), which is 
much higher than asynchronous and synchronous generators or 
DC generators. 

The proposed system is presented in Fig. 4. As it can be 
seen, no speed increaser between turbine and the generator is 

necessary, which increases the efficiency and reliability of the 
system. 
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Fig. 4. Novel power conversion scheme 
 

In an electric power system, consumers require power at 
rated frequency and voltage. To maintain these parameters 
within the prescribed limits, controls are required on the system. 
This is solved by introducing AC/AC electronic power con-
verter, which consists of two converters: AC/DC and DC/AC. 

AC/DC converter acts as Active Front End unit and main-
tains DC bus voltage at a given value. DC/AC converter is based 
on a single or three phase voltage source inverter (VSI). It is 
pulse width modulated (PWM) VSI that produces the desired 
output AC voltage and controls output frequency. It should be 
noted that the efficiency of today’s electronic power converter is 
very high (95 % and higher). A low-pass filter is the last stage of 
the proposed system. It attenuates signals with frequencies 
higher than the cut-off frequency and removes higher order har-
monic components in output voltage. Passive LC harmonic filter 
is the most common solution for the attenuation of high order 
harmonics caused by PWM inverter. While selecting filter pa-
rameters, an international standard IEC 61000-2-2 was used to 
evaluate power quality of output voltage. Total harmonic distor-
tion (THD) of output voltage is limited to 8 % according to IEC 
61000-2-2 standard. 

The whole system is modelled by using Matlab/Simulink 
software. Block scheme of realized hydropower system is pre-
sented in Fig.5.  
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Fig. 5. Matlab/Simulink model of hydropower system 

 
PMSG parameters were taken from (Mora, 2009). The most 

important results of the mathematical simulation are presented 
below. 

In Fig. 6 PMSG output voltage is illustrated. It depends on 
turbine rotational speed. However, after the system start-up, DC 
link voltage is kept constant (Fig. 7). This allows VSI to produce 
desired AC output voltage (Fig. 8 and Fig. 9) and to keep rated 
output frequency regardless of turbine speed fluctuations. THD 
of output voltage is below 8 % (IEC 61000-2-2). 

The advantages of this system are in the facts that no speed 
multiplier is necessary (increases the efficiency and reliability of 
the system) and does not need to use a generator with a large 
number of poles. In fact, low frequency PMSG can be used. 
Rated voltage of PMSG doesn’t have to match rated voltage of 
the system, too. 
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Fig. 6. PMSG line voltage 
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Fig. 7. DC link voltage 
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Fig. 8. Output voltage at no load.  
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Fig. 9. Output voltage at full load.   

CONCLUSION 
Small hydropower plants have a crucial role in the domain of 

renewable energy. Small hydropower projects offer emission-
free power solutions for many remote areas, including farms. 
The hydropower development is considered to utilize water re-
sources as renewable energy resources of the country, but also to 
achieve the investment. For that reason, this paper recommends 

utilizing existing agricultural water management structures and 
highly efficient hydropower systems. A novel technique of 
power generation using permanent magnet synchronous genera-
tor and electronic power converter is proposed. Mathematical 
simulations were performed on the proposed control scheme us-
ing the Simulink toolbox of Matlab software to determine the 
efficacy of the proposed model. These simulations have demon-
strated the suitability of the proposed model for power genera-
tion of small hydropower plants. The proposed system is suitable 
for isolated networks and is applicable in agriculture, too.  

 
 

ACKNOWLEDGMENT: The authors are grateful to the Pro-
vincial Secretariat for Science and Technological Development 
of the Autonomous Province of Vojvodina for its financial sup-
port of this work provided within the project: Study and Imple-
mentation of New Solutions of Power Converters in Industrial 
Electrical Drives.  

REFERENCES 
Dragu C., Sels T., Belmans R. (2001). Small hydro power – state 

of the art and applications. International Conference Power 
Generation and Sustainable Development (AIM), Liege, 
Belgium, 265–270. 

Fritz Jack (1984). Small and Mini Hydropower Systems: 
Resource Assessment and Project Feasibility. Mcgraw-Hill, 
New York, USA. 

Mora Oana Maria (2009). Sensorless vector control of PMSG 
for wind turbine applications. Master Thesis. Institute of 
Energy Technology, Aalborg, Denmark. 

Oros Đ., Vasić V., Kulić F., Marčetić D. (2008). Characteristics 
of Industrial Electric Drives Feeded from Variable Frequency 
Sources. Journal on Processing and Energy in Agriculture 
(former PTEP), 12, 196-202.  

Pilić Lj., Stipančev D., Milas Z. (1996). Hidroenergetska i 
aeroenergetska postrojenja. Školska knjiga, Zagreb, Hrvatska. 

Puranen Jussi (2006). Induction motor versus permanent magnet 
synchronous motor in motion control applications: a 
comparative study. Thesis for the degree of Doctor of Science. 
Lappeenranta University of Technology, Lappeenranta, 
Finland. 

Radojčin M., Babić M., Babić Lj., Pavkov I., Karadžić B. 
(2007). Energy Efficiency and Cost-effectiveness of Solar Air 
Heating. Journal on Processing and Energy in Agriculture 
(former PTEP), 11, 190-194.  

Ramos Helena, A. Betâmio de Almeida (1999). Small 
hydropower schemes as an important renewable energy source. 
International Conference Hidroenergia 99, Vienna, Austria. 

A Guide to UK Mini – Hydro Developments: http://www.british-
hydro.org/mini-hydro 

Small Hydro Power – Investor Guide: http://www.leonardo-
energy.org/webfm_send/467 

Small Hydropower Systems: http://www.thesef.org 
 

 

Received:17.06.2010. Accepted:09.08.2010. 

 
 


