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 The increasing demand for renewable and sustainable energy sources has led to growing interest in 

micro hydropower plants with installed capacities typically below 100 kW. These systems are widely used in 

isolated regions where connection to the main power grid is economically or technically impractical. Despite 

their advantages, micro hydropower plants are highly sensitive to load variations and hydraulic fluctuations, 

which directly affect output voltage and frequency stability. 

Stable voltage is a critical requirement for ensuring reliable operation of electrical equipment and maintaining 

acceptable power quality. Therefore, effective voltage stabilization methods are essential for micro 

hydropower systems. Depending on generator type, control philosophy, and system configuration, different 

voltage regulation techniques are applied. This paper focuses on the classification of micro hydropower plants 

according to their output voltage stabilization methods. 

 Voltage instability in micro hydropower plants arises mainly due to the following factors: 

• Variations in electrical load demand 

• Changes in water flow and turbine speed 

• Generator type and excitation characteristics 

• Weak or absent grid connection 

• Nonlinear and unbalanced loads 

 
Fig. 1. General Structure of a Micro Hydropower Plant and Its Relation to Output Voltage 

Stabilization Methods 
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 Fig. 1. Shows the general structure of a hydropower plant, including the reservoir, penstock, turbine, 

alternator, transformer, and power transmission system. In micro hydropower plants, variations in water flow 

and load conditions cause changes in turbine speed and generator output voltage. Therefore, different output 

voltage stabilization methods—such as mechanical flow control, reactive power compensation, electronic load 

controllers, and power electronic converters—are applied at the generator and control stages to ensure stable 

and reliable electricity supply. 

 In isolated micro hydropower systems, these factors are more pronounced, making voltage stabilization 

a primary design concern. 

 Mathematical Model of Voltage Regulation in Asynchronous Generators. The induced electromotive 

force in an asynchronous generator can be expressed as: 

U=k⋅Φ⋅ω       (1) 

 where U – generator output voltage; Φ – magnetic flux; ω– angular speed; k– machine constant. 

 Voltage deviation under load variation is defined as: 

∆𝑈 =
𝑈𝑁𝑜 𝑙𝑜𝑎𝑑−𝑈𝑙𝑜𝑎𝑑

𝑈𝑁𝑜 𝑙𝑜𝑎𝑑
100%     (2) 

 Since asynchronous generators consume reactive power, voltage stability depends on reactive power 

balance: 

Qcap=Qgen+Qload     (3) 

 To maintain stable voltage and frequency, electronic load controllers ensure constant generator power: 

Pgen=Pload+Pdump=const      (4) 

 These equations form the theoretical basis for voltage stabilization in asynchronous generator-based 

micro hydropower plants. 

 Capacitor banks are used to provide the necessary reactive power for generator excitation. Although 

simple and cost-effective, this method offers limited voltage regulation under rapidly changing loads. 

 Mechanical regulation of turbine speed indirectly stabilizes voltage. However, due to slow response 

time, this method is insufficient for modern isolated systems with dynamic loads. 

 Electronic Load Controllers are the most widely used solution for asynchronous generator-based 

MHPs. By diverting excess active power to a dump load, ELCs maintain constant generator loading, resulting 

in stable voltage and frequency. 

Table 1.  

Comparison of Voltage Stabilization Methods for Asynchronous Generator-Based Micro Hydropower 

Plants 

 

No. 

Voltage 

Stabilization 

Method 

Principle of 

Operation 

Voltage 

Stability 

Dynamic 

Response 

System 

Complexity 

Suitability 

for Isolated 

MHPs 

1 

Capacitor-

Based Reactive 

Power 

Compensation 

Reactive 

power 

supplied by 

capacitor 

banks for 

self-

excitation 

Low Slow Low Limited 

2 
Mechanical 

Speed Control 

Turbine 

speed 

regulation 

via flow 

control 

Medium Slow Medium Moderate 

3 

Capacitor + 

Mechanical 

Control 

Combined 

reactive 

power and 

Medium Medium Medium Moderate 
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speed 

regulation 

4 

Electronic Load 

Controller 

(ELC) 

Constant 

generator 

load using 

dump load 

High Fast Medium Very high 

5 

Power 

Electronic 

Converter 

AC–DC–

AC 

conversion 

with 

regulated 

output 

Very high Very fast High High 

 

 Mechanical stabilization relies on regulating turbine speed through hydraulic or mechanical means 

such as guide vane control or flow regulation valves. By maintaining nearly constant rotational speed, the 

generator voltage can be indirectly stabilized. 

 In micro hydropower plants equipped with synchronous generators, voltage stabilization is achieved 

by controlling the excitation current. Automatic Voltage Regulators (AVRs) adjust the field current to 

maintain the desired output voltage. 

Advantages: 

• High voltage regulation accuracy 

• Good dynamic performance 

• Suitable for both isolated and grid-connected systems 

Limitations: 

• Higher cost and complexity 

• Requires skilled maintenance 

This method is widely applied in medium and high-quality micro hydropower installations. 

 Voltage stabilization can also be achieved by controlling reactive power using capacitor banks, static 

VAR compensators, or synchronous condensers. These devices support voltage by compensating reactive 

power demand. 

 Modern micro hydropower plants increasingly employ power electronic converters such as rectifier–

inverter systems. The generator output is converted to DC and then inverted to AC with regulated voltage and 

frequency. 

Advantages: 

• Excellent voltage and frequency control 

• High power quality 

• Flexibility in system operation 

Limitations: 

• High initial cost 

• Increased system complexity 

This approach is especially suitable for hybrid renewable energy systems. 

 Each voltage stabilization method has specific application areas depending on system size, generator 

type, load characteristics, and economic constraints. Mechanical and excitation-based methods are more 

traditional, while ELC and power electronic solutions offer superior performance for modern isolated micro 

hydropower plants. 

Conclusion 

 This paper presented a comprehensive classification of micro hydropower plants based on output 

voltage stabilization methods. Mechanical control, excitation regulation, reactive power compensation, 

electronic load controllers, and power electronic converters were analyzed in terms of operating principles, 

advantages, and limitations. The proposed classification can assist engineers and researchers in selecting 

optimal voltage stabilization strategies for reliable and efficient micro hydropower plant operation. 

Reference 

https://zienjournals.com/


Texas Journal of Engineering and Technology                                                                               ISSN NO: 2770-4491 
https://zienjournals.com                                                                                                                                       January 2026 
________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
Peer Reviewed International Journal                                                                                                                                  [26] 
Volume 52  

1. Singh, B., Murthy, S. S., & Gupta, S. (2019). Analysis and design of electronic load controller for 

isolated micro-hydropower systems using induction generators. IEEE Transactions on Energy 

Conversion, 34(3), 1421–1430. 

2. Paish, O. (2020). Small hydro power: technology and current status. Renewable and Sustainable 

Energy Reviews, 14(9), 2494–2504. 

3. Mishra, S., & Bhende, C. N. (2018). Voltage and frequency control of standalone micro-hydro power 

plant using electronic load controller. International Journal of Electrical Power & Energy Systems, 

101, 1–10. 

4. Bansal, R. C. (2021). Automatic reactive power control of isolated induction generators for micro-

hydropower applications. Electric Power Systems Research, 189, 106736. 

5. Datta, A., & Ranganathan, V. T. (2019). A method of voltage stabilization in self-excited induction 

generator-based micro-hydro systems. IEEE Transactions on Industry Applications, 55(6), 6401–

6410. 

6. Kaldellis, J. K., & Zafirakis, D. (2020). Optimum sizing and control of small hydropower plants under 

variable operating conditions. Energy Conversion and Management, 209, 112609. 

7. Bhim Singh, Ambrish Chandra, & Kamal Al-Haddad (2021). Power Quality: Problems and Mitigation 

Techniques in Micro Hydropower Systems. Wiley-IEEE Press. 

8. Chauhan, Y. K., Jain, S. K., & Singh, B. (2018). Performance analysis of self-excited induction 

generator feeding nonlinear loads in isolated micro-hydro plants. IET Renewable Power Generation, 

12(4), 452–460. 

 

https://zienjournals.com/

