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Abstract  
  
Small  hydro  power  projects  play  a  significant  role  in  renewable  energy  sector  
in  Sri Lanka.  Among  different  categories,  community  based  and  estate  based  
hydro  projects use electric load control technology since it can be locally 
manufactured, easily adopted in  to  old  existing  hydro  plants  and  the  low  cost.  
However, power electronic control technology reduces the lifetime of the controller 
itself and the other components of the system; therefore it is not an efficient and 
viable technology in the present context. Most of the estate based hydro projects 
have been abandoned due to endless failures of the controller and damages to 
appliances. The maintenance cost for community based hydro power projects are 
very high and the fact that it surpasses the monthly income of the community. As a 
result this has led to unbearable expenditure on electricity as they have no other 
alternative solution. Ultimately, beneficiaries would expect electricity from the 
national grid while abandoning low cost and environment friendly energy resources 
and lose mutual understanding among the beneficiaries.   
The controller determines the excess of generated power at a rate of hundred times 
per second  and  adjusts  the  ballast  load  capacity  accordingly  by  electronically  
switching. Currently available controllers change the ballast load capacity by 
changing the triggering point  from  00  to  1800  in  each  half  cycle  of  the wave  and  
then  calling  the  “Phase  Angle Controller”.  This leads to noise generation, AC 
wave form distortion and very high Di/Dt when switching at the peak area of the AC 
wave. By  introducing a multiple number of electric  loads and  switching  logically  
selected  loads at  zero  crossing point of AC waves, these  bad  effects  can  be  
avoided  as  it  generates  a  pure  sinusoidal  wave.  This paper reviews the 
theoretical analysis and field level experiences of several successful projects related 
to the technology of “Multiple Loads, Zero Crossing Point Firing” hydro power 
controller.  
  
Key words: Stand-alone hydro power, Induction of generator controller (IGC), Electric load 
controller (ELC), Hydro power controller 
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Introduction  
  
There  are two  types of  technology used 
to control  hydro  power  plants,  namely 
flow  controlling  and  electric  load  
controlling.  The  flow  control  technology  
is  used  in  relatively  larger  hydro  power 
plants  as  expensive  electromechanical 
components  have  to  be  used. However, 
the  electric  load  controller  is  used  in 
small  hydro  power  plants  because  the 
capital  cost  is  very  low,  applicable  
even to  damaged  flow  control  hydro  

power plants and  there  is no economical  
value  for the excess power.   
In the electric load controlling system, an  
electric heating load is used (also known 
as  ballast  load  or  dump  load)  equal  or 
higher  than  the  maximum  generating 
capacity  of  a  given  project.  This ballast 
heating load can be adjusted from 0% to 
100% by electronically switching.  By 
setting  the  sum  of  the  village  load  and 
the  ballast  capacity  equal  to  the 
generating  capacity,  the  system  voltage 
and frequency can be maintained within 
the accepted limit.    
 

 
 

Figure 1: Ballast and user load connection 
 
With  currently  available  controllers,  the 
ballast  load  switching  point  has  to  be 
adjusted  throughout  each  cycle  of  the 
alternative  current  waves.  When  it 
reaches  around  90 degree  of  each  half 
cycle of the wave, the AC wave form gets 
distorted, which  in  turn badly  affects  all 
electromechanical  equipment  in 
households,  power  house  and  the 

controller  itself.  Professor  Janake 
Ekanayake  has  stated  that “ In order to 
minimize  further  capital  cost,  crude 
voltage  and  frequency  control techniques 
are used”  According  to the research 
conducted by REREDP, most of  the  
controllers  in  VHP  were  not working  and  
the  ballast  had  been connected  
permanently.  The active power demand is 
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controlled by adjusting inlet  valves  time  
to  time  at  different hours  of  the  day  

[2].  Distorted wave form of few 
controllers is shown below. 

 
 

 
 
 
 
 

 
 
 
 
 
 

 
     a. Udagama VHP Pallebadda                             b. Ilumbakanda VHP kalawana 
 

 
 

c. Humming bird ELC (source [3]) 
 

Figure 2: AC wave distortions in electric load controlling HP 
 
These  distortions  in  AC wave  form  lead 
to  overheating  of  electrical  and 
electronic  components,  development  of 
cyclic  loads  on  electromechanical 
components  and consequent  reduction of 
life time and efficiency [4].   
 
 
 
 

Technology and present controllers  
 
Micro hydro controller is a feedback 
controlling system.   It senses the system 
voltage and frequency  in  induction  and 
synchronous generators respectively and 
electronically adjusts the ballast capacity 
so  that  the  consumers  demand  and  the 
ballast  load  together  are  equal  to  the 
generating power. At 50 Hz frequency, it 
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adjusts the ballast output 100 times per 
second or twice per cycle of AC wave form. 
Figure 3 shows the endless feedback 

control loop and variations of generating 
power, user load and ballast load. 

 
a) Feedback control loop of electric load controller   

 
 
 

b) Constant power generation and consumption while consumer load varies randomly (Source [5])  

Figure 3: Electric load controlling process 
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According  to  the  literature  survey, 
following  three  types  of  technology  are 
identified  to  be  available  for  changing 
the ballast capacity as [1] & [4];  

• Binary weighted loads controller  
• Phase angle controller  
• Mark-space ratio controller  

Although different technologies are used 
to sense the voltage and frequency, 
controllers are categorised according to 
the ballast capacity changing/switching 
technology which is the most important 
factor in a controller.  For the Binary 
weighted loads controller and Phase angle 
controller, a TRIAC is used as the electronic 
switching device    which can directly 
control AC power. For the Mark-space 
ratio controller, a different type of 
transistor is used as the witching device. 
All these transistors can only handle DC 
power.  Therefore a rectifier bridge has to 
be used to convert AC power in to DC 

power in the Mark-space ratio Controller.  
Next section gives a brief description of the 
power transistor and the TRIAC which are 
used as electronic switching devices in the 
above controllers.  
  
Triac  
  
TRIAC is a three-pinned AC switching 
device.  By giving a very small triggering 
signal to the gate pin (Typically 15 mA, 20 
µs) it acts as the ON switch until the next 
zero voltage point occurs. So  it has to  be  
given  a  gate  signal  in  each  half cycle  to  
continuously  maintain  a constant  ballast  
load.  The parentage of heat dissipation 
from the ballast can be smoothly adjusted 
by changing the gate pulse location of each 
half cycle. Figure 4 shows 100%, 50%, 25% 
and 0% Percentages of power dissipation 
by changing gate triggering point.  Gate 
pulse timing has been marked in arrows.   

 

 
 
 

 
Figure 4: Wave form of a TRIAC controlled AC power system at different load 

percentages 
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Power transistor 

 
 
Figure 5: Transistor switching 
signal and output wave form 
 
A transistor of IGBT or MOSFET family 
can be used as the DC power controlling 
device.  These latch the ON state until 
gate pulse is there and as soon as gate 
pulse is OFF power line also turns off. 
The switching speed of these transistors 
extends up to kHz range. Hence it is clear 
that the ballast power can be controlled 
by adjusting the gate signal ON/OFF 
time.  The figure 5 shows how the wave 
form of a non smooth rectified AC wave 

is controlled and the generated control 
signal.   
Hatched area represents ON state of the 
transistor (mark) and the rest is OFF state 
(space). By increasing or decreasing the 
gate pulse times (mark), the dark column 
width can in turn be increased or 
decreased. That is how the ballast load in 
mark-space ratio controller is adjusted. 
 
Binary weighted load controller 
 
This is the first type of controller used in 
MH sector with simple electronics logics. 
Here a variable load is produced by 
switching in a combination of fixed 
resistors.  The values of these resistors 
are binary weighted so as to maximize 
the  number  of  load  steps  with  a 
minimum  number  of  loads  and 
switches. With an “n” number of loads 2n 
number of combinations can be 
obtained.  For example with three 
resistors seven combinations are possible 
as shown in the following figure. 

 
 

 
 

a) Loads and switch connection  b) Load combinations 
 
Fig. 6 - Binary Weighted load controller (source [4]) 
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Here voltage distortion is minimum since 
pure resistive loads are used.  Fig.  7 shows 
the wave form distortion at the switching 
of ballast at the peak area of AC wave.   
Furthermore, the voltage and frequency 
can change over a wide range due  to  a  
few  number  of  loads  and  as  a result  it  
is  not  suitable  for  modern electrical  
appliances  such  as  CFL/LED bulbs,  TVs,  
motors,  etc.  On  part  load running (in dry 
season or off peak time), the  voltage  
control  is  very  poor  as  the smallest  load  
step  is  very  large  with respect to the 
generating power. 

  Figure 7:  Wave form distortion 
when ballast turns ON in peak range 
of wave (Source [5]) 
 

Phase angle controller 

Figure 8:  Phase angle control of 
TRIAC (source [4]) 

By changing triggering point of the TRIAC, a 
variable electrical load can be developed.  
The triggering  angle α is smoothly 
changed  from  0  to  180  degrees  by  an 
electronic  circuit  in  Phase  angle  control 
type MH controller. Not as in a binary 
weighted load controller, phase angle 
controller a single heating element can be 
used as the ballast.    This means there is 
only a very simple electrical circuit there. 
But here the wave distorts drastically when 
the ballast turns on around 90 degree of 
each half wave. Fig.9 shows the ballast and 
user side wave forms distortion of three 
projects.  According to the ballast wave 
there is a very sharp voltage rise just after 
the TRIAC has turned on. Such a very high 
voltage gradient leads to increase of Di/Dt 
and reduction of the lifetime of TRIAC [3] 
& [8]. 
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Controller 01 
 

 
Ballast wave              Consumer wave 
 
Controller 02 

 
 
 
 
 

Ballast wave               Consumer wave 
 
Controller 03 

 
 
 
 
 
 
 
 
 
 
 
 

 
Ballast wave               Consumer wave 
Fig.9: Ballast and users wave form of a few phase angle controllers 
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Mark- Space controller  
  
In this controller the ballast load connects 
across a Rectifier Bridge and a transistor. 
Then DC voltage is received by the 
transistor and it can be switched on and 
off at high speed. The control circuit 
determines ON (mark) and OFF (space) 

time, thus the process is called Mark-Space 
ratio. Modern electronic literature refers 
to this process as Pulse Width Modulation 
(PWM) [6].  The ballast and consumer 
wave forms of this control are shown in 
Fig. 10. 

 
 

 
 
a)    Ballast wave form                                                        b) Consumer wave form  

Figure 10:  Wave form of Mark- space controller (Source [1]) 
 
 
This  is  a  very  smooth  controlling 
technology and the only bad effect is the 
generation  of  high  frequencies  which 
may  affect  radio  frequency  receivers 
such as radio, TV, wireless phone, etc. 
 
 
 
History of electrical load 
controller   
  
For  first  time  in  the  early  1990s,  the 
binary  weighted  controller  has  been 
used  in  Sri  Lanka  in  community-based 
and  estate  hydro  power  projects  by 
ITDG.  Because of the  relatively  poor 
control  of  voltage  and  frequency,  the 
binary  weighted  controller  was  in  use 
only  for  a  short  period  of  time.  Since 
a simple version of phase angle 
controller was introduced in late 1990s 
all suppliers have forgotten the binary 
weighted controller.  
Since different versions of phase angle 
controllers have been introduced and 

even  more  are  available  freely  on  the 
Internet,  this  control  technique  is  used 
by  most  of  the  suppliers.  Voltage 
sensing, noise filtering and the 
protection level vary from model to 
model.  This is the most popular type of 
controller up to date and technical data 
sheets of a few versions are available at 
the following links.  
1. Humming bird controller, 
www.econologie.info/share/partager/Hu
mbird-fra.doc  
 
2. Electronic Load Control ELC, From 
Remote HydroLight for Synchronous 
Generator  By Anders Austegard, 
www.remotehydrolight.com/  
 
3.  Renerconsys Digital load 
Controller (DLC) for Induction 
Generator (IGC) &   Synchronous 
generator (elc), www.renerconsys.com 
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4. Analog card by Remote HydroLight 
Anders Austegard Remote HydroLight  
(www.remotehydrolight.com) 
 
Some  versions  of  these  controllers  as 
well as other  varieties of  controllers  are 
used  in  Sri  Lanka  too.  Although  these 
controllers do not  suffer any  short  term 
failure,  the  life  time  of  the  excitation 
capacitor  bank,  bearing  and  generator 
decrease  drastically.  In most cases the 
capacitor catches fire which spreads up 
to the controller. Mark-Space  controller  
technology  was introduced  in  Sri  Lanka  
in  year  2000  by ITDG. Although 
theoretically this is a very smooth 
controller, its life time is limited to a few 
months.  Therefore  no  hydro power  
developer  in  Sri  Lanka  has  used this 
technology for long.  
 
 

Multiple loads, zero crossing 
point switching controller 
 
Micro controller based digital electronics 
is widely used all over the world. 
“Multiple  loads,  zero  crossing  
point  switching controller” concept  
is  based on microcontroller  and  binary 
weighted load  controller  technologies.  
It is discussed in the following section. 
 
Methodology  

  
Basically this controller consists of a 
microcontroller which measures the 
Voltage and frequency of the current 
cycle of the wave and determines the 
next cycle ballast load, the protection 
system for surge, over and under voltage 
and frequency and adjustment system of 
Voltage and frequency.   Figure 11 shows 
the schematic diagram of this controller. 
 

 
 
 
Figure 11: Schematic diagram of a Multiple Loads, zero crossing point switching controller 
 

This control system operates with 
microcontrollers of 20 MHz processing 
speed and can measure the RMS value of 

voltage and frequency within less than 
50 µsec.   
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Load variation sensing  
  
 
Voltage and frequency are the sensing 
parameters of village load variation for 
the induction generators and 
synchronous generators respectively.  
Voltage  samples  are  taken  with  10  
bits resolution  (1024  readings) by the  
inbuilt analogue  to  digital  converter  
and  it  takes less  than 15 µsec per  
reading. By taking over 100 readings, it 
calculates average value. Based on  
inbuilt  timers,  the  cycle duration  of  
the  AC wave  is  divided  into 65,536  or  
16  bit  resolution  and  the frequency of 
wave form is calculated.   
 
 
Controlling  
  
 
Based on the above mentioned 
instantaneous reading, the set values 
and the error, the control variable is 
generated.  Using the proportional-
integral-derivative (PID) algorithm, the 
next half cycle of AC waveform ballast 
load is identified in order to minimize the 
error.  Further, the ballast capacity and 
combination are selected according to 
the connected ballast loads. There are 
three  steps  used  here,  which  are most  
frequently  used  in  controllers  in the 
process industry [7]. 
  
 
Proportional: The error is multiplied by 
a gain Kp.  A very high gain may cause 
instability, and a very low gain may cause 
the system to drift away.  
 
 

Integral: The integral of the error is 
taken and multiplied by a gain Ki. The 
gain can be adjusted to drive the error to 
zero in the required time.  A too high 

gain may cause oscillations and a too low 
gain may result in a sluggish response.  

 

Derivative: The derivative of the error 
is multiplied by a gain Kd. Again, if the 
gain is too high the system may oscillate 
and if the gain is too low the response 
may be sluggish.  

  
 
Ballast load  
  

The pin numbers 6 to 30 on the 
microcontroller are used for Ballast 
switching and the exact number depends 
upon the project capacity, single or three 
phase and commercially available 
electrical components such as heating 
elements and TRIACS. Then, any capacity 
of load can be selected accurate up to 
the smallest heating element capacity by 
using different combinations of 
connected heating elements.  For 
example, ballast loads used in a 10 kW 
project are 0.125, 0.250, 0.500, 1.000, 
2.000, 3.000, 4.000, 4.000 kilowatts.  
Load levels in 125 watts steps from 0 to 
14.875 kW can be selected here.  The 
maximum capacity of a single load is 
limited to 5 kW due to constraints in 
commercially available heating loads and 
TRIACS capacity.   

  
 
Protection  
  
 
Hydro power plants should run 24 hours 
per day throughout the year. During the 
lightening period a lot of surge comes 
through the distribution lines.  The 
situation is even more severe when the 
distribution lines pass through hill tops 
and bare lands. The most powerful part 
of the surge passes through the air gap 
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type surge protectors which are installed 
in distribution panels and lines. The 
remaining part of surge may be harmful 
to the highly sensitive electronics 
components in the controller. Therefore 
highly sensitive fast recovery surge 
protection system of zener diode type is 
fixed to the controller.  Further high 
voltage and DC low voltage sides are 
electrically isolated with the use of opto-
couplers. 
 In  case  a  hydro  power  project  goes  
out of control  due  to  an  unexpected  
cause, the  voltage  and  frequency  
doubles within  few  seconds  and  all  the 
connected electro- mechanical  items get 
damaged. In case of over/under voltage 
or frequency, consumer’s line is 
disconnected within 5 seconds as the 
first step.  Further an output signal is 
issued to shut down the turbine. 
Unfortunately, presently commissioned 
locally manufactured hydro power plants 
do not have emergency shut-off 
mechanisms such as jet deflector or 
motor powered valves, thus making this 
output unusable as is the case with most 
of the turbines.  
 
  
Results and Discussion  
  
Up to now fifteen of these controllers 
have been installed and the first one was 
commissioned in 2009 in Lenarkwatta 
village hydro power project, Godakawela. 
The rest of the controllers were mainly 
installed in place of damaged phase 
angle type controllers and it has been 
observed that technical failures and 
maintenance costs have thereby 
significantly decreased.  By installing this 
controller, ECS could minimise the 
technical faults and maintenance cost 
while it also very much helps raise hope 
on the hydro power project. 
 
 

 
 
Figure 12: Wave form of a Multiple, 
loads zero crossing point 
switching controller  
  
Figure 12 shows the output wave form of 
the distribution line. The ballast also 
receives the same wave form and the 
only difference is randomly OFF and ON 
and zero crossing points.  
Lenarkwatta VHP, Godakawela (20kW), 
Galpothuyaya VHP, Kalawana (18kW) 
and Illumbakanda VHP, Kalawana (11kW) 
were closely monitored over four years 
with  this  controller  and  there  were  no 
technical  failures  that  were  discussed 
here.  So consumers of those projects get 
electricity throughout the year and a 
significant portion of monthly electricity 
bill could be saved.  
  
  
Conclusions  
  
The main objective was development of 
a highly reliable controller to entrust to 
the indigenous hydro power technology. 
The highest components of the 
maintenance cost of a hydro power 
project are travelling cost (multiple times 
of travel from Colombo to rural areas) 
waste  of  time  and  damages  to  other 
component  of  the  system  (generator, 
capacitors,  bearing  and switch  gears) 
due  to  poor  control  technologies.  The 
“Multiple load, Zero crossing switching 



 National Energy Symposium 2014  

 

38 
 

controller” has proved to significantly 
reduce the maintenance cost. Successful 
introduction of this controlling 
technology can reduce the maintenance 
cost; improve reliance on naturally 
available energy sources and at the same 
time reduce the load on the highly 
subsidized national grid.  
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