
Chapter 1 

Introduction 

1.1 Background 

In Sri Lanka there are about sixty five numbers of Mini-Hydro power 

generators running at present. The plant capacities referred to Mini-Hydro range 

varies from 0.5 MW to 10 MW depending on the rainfall in the catchments area and 

average flow in the stream. 

In the present context of high inflation of Thermal energy prices and with the 

influence of minimizing emission of green house gases, (GHGs) Mini-Hydro power 

generation plays a vital role as an alternative means of renewable energy. The Table 

1.0 gives the details of the present and future plants expected to be connected with the 

grid. 

Table 1.0 - Present status of the Mini-Hydro Projects in Sri Lanka. 

Status of the Mini-Hydro Projects 

Mini Hydro Plants No of Projects Capacity (MW) 

Presently in Operation 62 124.104 

SPPA Signed Projects 32 77.860 

Projects, SPPA to be Signed 20 34.605 

LOI issued projects 53 87.905 

Total anticipated 
By 2011 

167 324.474 

1.2 Hydro Electric Plant Schemes 

There are three main types of hydroelectric plant arrangements, classified 

according to the method of controlling the hydraulic flow at the site. 

1. Run-of-the-river plants, having small amounts of water storage and 

thus little control of the flow through the plant. Typically, most of the 

Mini-Hydro generator installations are of this system where they do 

not include a dam. 

2. Storage Plants, having ability to store water and thus control the flow 

through the plant on a daily or seasonal basis. Larger hydro plants 

above 1OMW capacity range are typically of this type. 

3. Pumped storage plants, in which the direction of rotation of the turbine 
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is reversed during off peak hours, pumping water from a lower 

reservoir to an upper reservoir, thus 'storing energy' for later 

production of electricity during peak hours. However, this scheme of 

hydro plant installations are not yet set up in Sri Lanka. 

1.3 Frequency of shutdowns of a Mini-Hydro Generator 

The power is generated at low voltage level of 400/415 Volts and is stepped 

up by a step-up transformer to connect with the grid at distribution level voltage of 33 

kV. The length of the electricity transmission line from the plant's transformer and all 

the way up to the load Bus at distribution network may be a few tens of kilometers 

and in most of the cases it is passing through the forest via overhead lines. 

There are several causes that may affect a Mini-Hydro generator to shut down 

whilst in operation. They can be outlined as, the earth faults in the electricity lines 

(mainly tree leaves touching the transmission lines), lightning, planned and unplanned 

interruptions in that particular area connecting to the load bus of the distribution 

network and for maintenance of the plant itself. The Table 1.1 provides details of 

number of shut downs over year 2008 of a selected plant 'Gomala Oya' at 

Parakaduwa, Eheliyagoda. (1 MW plant capacity) 

Table 1.1- Details of number of shutdowns of the selected Mini-Hydro plant. 

Calendar Year Number of 
Shutdowns 

2008 (Jan to Dec) 48 

1.4 Synchronizing of a Mini-Hydro Generator with the Grid 

To resume power export to the grid after a shutdown will require generator to 

synchronize with the grid supply. This can be done either by fully automatically with 

the use of a PLC control system or by manually. In either process, the Hydro Turbine 

should be ramped up to the near synchronous speed at a rate decided by the Governor, 

Turbine and Penstock characteristics. Then the terminal voltage and Phase angle have 

to be adjusted to match with those of grid parameters before closing the Generator 

breaker. 

The time taken for rotor speed ramping will typically be in the range of 3-4 

minutes and then generator synchronizing would take another 2-5 minutes depending 



on the plant design. Figure 1.0 shows a graph of a speed Vs time during a typical 

synchronization process. 

Figure 1.0 - Graph of a typical Generator speed Vs Time during 

Synchronization. 

1.4.1 Ramping Period 

During the ramping period the Inlet valve (wicket gates for Francis and 

Kaplan turbines, runner blades for Kaplan turbines, and Nozzle jets for Pelton 

Turbines) starts to open in steps so that hydro turbine starts receiving Hydro energy to 

gradually accelerate the speed from the stationary position. The rate of acceleration of 

the speed has limitations and is characterized by the Penstock characteristics. The 

ramping period considered here is the time taken by the generator to ramp up from 

stationary state up to 95% of the rated speed (or 95% of the rated frequency, which is 

47.5Hz) 

1.4.2 Synchronizing Period 

During this process, the Synchronizer takes the control of the governor and 

gives biasing signals to raise or lower the speed of the rotor to synchronize with the 

bus frequency and to match the phase angle (if it is in Auto mode). Synchronization 

begins just at the end of Ramping (approximately 47.5Hz) and the synchronizing 

time is the time between the end point of ramping and the point of closing the 

generator breaker after synchronization, (at 50 Hz after matching with grid frequency 

and phase angle). Once the breaker is closed, the synchronizer is switched off and 

PLC controller will take control over the speed and generator loading. The PLC 

controller has the function of ALC (Automatic Loading Control) which will set the 

load reference point depending on the water level in the fore bay tank. 
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1.4.2.1 Downtime during Synchronization Period 

Synchronization period of a Mini-Hydro generator is highly volatile. This time 

can be positively influenced by the stability of the grid Voltage and frequency at the 

time of attempting synchronization and by the governor and turbine characteristics. 

The spinning of heavily massed rotor is controlled by the governor by controlling the 

water flow in to the turbine under 'no load' condition. Thus, during this period even a 

small step increase of the inlet valve position results in a large oscillation of the rotor 

speed. Therefore, synchronizing of a Mini-Hydro generator in general is a time 

consuming exercise which is accounted as a downtime. 

1.4.2.2 Loss of Energy Production during Synchronizing Period 

Most of the Mini-Hydro installations are run-of-the-river type (not storage 

type) and therefore the amount of power generated at a given time depends on flow 

level of the stream and availability of the water in the fore bay tank. Therefore the 

loss of energy production during a downtime cannot be fully recovered later by 

increasing the generator load factor. This is a disadvantage of run-of-the-river type 

plants where there is only a small amount of energy storage capability in the set up. 

As indicated in Table 1.1, since the number of shutdowns are substantial, the total 

accumulated downtime during synchronization over a year would cause a 

considerable production loss. 

1.4.3 Importance of Minimizing the Synchronization Period 

Even though the Ramping Period is constrained by the design of the plant 

itself, minimization of synchronization Period is an alternative to minimize the total 

downtime. Further as per the Figure 1.0 the synchronization period is generally longer 

than ramping period. Therefore, there is a potential to minimize the total downtime by 

approximately 25-50% by optimizing the synchronization time. 

1.4.4 Impact on the Present Design of the Plant 

In order to make the project viable and to obtain the management's approval 

for practical implementation, it is a requirement that the new circuit development 

should not have any interference on the present system. Therefore, the function of the 

new controller has to be totally independent while improving the performance of the 
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present system. Further, once it is disconnected (switched off) the system should turn 

back to its original set up. 

1.5 Motivation 

Minimizing the synchronization time of a Mini-Hydro generator, will enhance 

the operating characteristics of fast response for start-up and also will produce 

additional units of energy due to reduced downtime. The anticipated outcome in terms 

of additional revenue would be considerable for a plant operator. 

As an Engineer with a background of installation and commissioning of 

standby diesel power generators, application and commissioning of generator 

synchronizing and load management systems in the industry, the author selected this 

topic to investigate the possibility to enhance the synchronization process of Mini-

Hydro Generators. 
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