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ABSTRACT: This paper presents generic model of hybrid power system consisting in a combined solution one wind 
turbine with asynchronous generator and on hydro generator with synchronous machine. This technology was 
developed by to reduce the cost of supplying electricity in remote communities. The optimal wind penetration 
(installed wind capacity/peak electrical demand) for this system depends on the site availability of hydro energy and 
available wind resource. The optimal solution is evaluated first using   HOMER – special design software for 
optimizing cost exploitation for a hybrid power systems. For the optimum solution we analyze the system by means 
of simulation in order to present the system behavior during normal operation. 
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1. INTRODUCTION 
 

Energy is stored in nature in quite a few forms such 
as: fossil fuels (coal, petroleum, natural gas), solar 
radiation, in tidal, geothermal and nuclear forms. 
Energy is not stored in nature in electrical form. 
However electric energy is easy to transmit at long 
distances and complies with customer’s needs by 
adequate control [1], [2], [3]. 

Alternative energy sources are to be used more and 
more, with fossil fuel used slightly less gradually, and 
more efficiently. Wind energy conversion is becoming 
cost-competitive while it is widespread and it has 
limited environmental impact. Unfortunately its output 
is not steady and thus very few energy consumers rely 
solely on wind to meet their electric energy demands. 
As in general the electric power plants are connected in 
local or regional power grids with regulated voltage and 
frequency, connecting large wind generator parks to 
them may produce severe transients that have to be 
taken care of by sophisticated control systems with 
energy storage elements in most cases [1], [4], [5]. 

However, as energy costs from water are low, 
resources are renewable and with limited ecological 
impact. Despite of initial high cost, hydropower is up 
for a new surge [1], [6]. 

Electric generators should work at variable speed but 
provide constant voltage and frequency output via power 
electronics with full or partial power ratings, to tape more 
energy from renewable and provide faster and safer 
reactive power control. Most variable speed generators 
with bidirectional power electronics control, will also allow 

motoring operation both in conventional or distributed 
power grids and in stand-alone applications [1], [7], [8]. 

In this paper we consider a hybrid power system 
solution consisting in the integration of wind and hydro 
diesel variable speed power generation with 
asynchronous generators operating in grid connection or 
isolated network operation. 
 
2. OPTIMAL HYBRID SYSTEM 
CONFIGURATION EVALUATION 
 

In the present paper we consider the case of one 
isolated grid powered initially  by a single generator In 
order to identify the best cost/ efficiency combination of 
resources we have considered  the hybrid  system 
consisting in one wind turbine and one hydro that can be 
added to existing system. This hybrid power system 
shows how a micro-hydro system competes with wind 
and diesel power in a stand-alone application figure 1. 

 

 
Fig. 1  Hybrid power system model  
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The powers system is a 60kwh/day isolated load. 
The daily profile of the load  is presented in figure  2 
with maximum  peak value of 40 kW. 
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Fig. 2 Daily load profile  
 

The hybrid power system can be  powered by three 
power sources (wind, hydro and diesel). The wind 
turbine considered here  is 20 kW squirrel cage 
induction generator (IG). The   characteristic power 
curve of the wind turbine is presented in figure 3. 

 

0 6 12 18 24
0

5

10

15

20

P
o

w
e

r 
(k

W
)

Power Curve

Wind Speed (m/s)  
 

Fig. 3 Wind turbine power curve 
 

The hydro and diesel generator  are  synchronous 
generators (SG) with a rated power of 16.6 kW and 10 
kW. The input parameters for Homer optimization 
software are given in table 1. 

 
Table 1 Hydro Turbine Data 

 
Available  head (m) 90 
Design Flow rate (L/s) 25 
Minimum flow ratio (%) 75 
Maximum flow ratio (%)  150 
Efficiency (%) 75 

 
In order to increase the  reliability of the system a 

battery storage system needs to be considered and a 
converter. The characteristics of the battery system is 
given in figure 4. 
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Fig. 4 Battery storage data     

With all the input data given data and considering 
the system constraint the HOMER software will  
evaluate the optimal solution figure 5. The Optimal 
System Type graph figure 6 shows that if the average 
stream flow exceeds about 25l/s, the hydro system on its 
own is the least cost alternative.  

 

 
 

Fig. 5 HOMER optimization cases 
  
If the stream flow is between 20 l/s and 25 l/s, HOMER 

suggests combining hydro with a diesel or a battery bank, 
or both.  If the stream flow is less than 20 l/s, HOMER 
suggests either a diesel/battery system or, if the wind speed 
is high enough, a wind/diesel/battery system. 
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Fig. 6 HOMER Optimization Results chart 
 
For the operational analysis we consider a optimal 

solution without battery storage consisting in two 
generators respectively one wind turbine and one hydro 
turbine. In order to evaluate the solution during normal 
operation mode we will build a simulation model based 
on the characteristics of the HOMER used generators. 

Our proposal for starting the disc actuating motor 
consists of using a softstarter that, once it has provided 
the rated voltage to the motor, is by-passed. Two 
external current transformers are used to further ensure 
the electromagnetic protection function.  
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A three-phased squirrel cage induction motor 
supplied through a static frequency converter (SFC) is 
used for disc advance and withdrawal.  

The current taken by the disc main actuating motor 
enters an automatic control loop programmed in the 
SFC. The advance movement is made so that the current 
does not exceed the set point (the advance speed is 
permanently controlled).  

Start up and advance movement are pre-conditioned by 
the existence of lube oil pressure, by the spray water being 
operational and by horizontal and vertical tightening.  

 
3. MATHEMATICAL MODEL OF 
ASYNCHRONOUS MACHINE OPERATING IN 
VARIABLE SPEED GENERATOR MODE 

     
The optimal solution obtained from optimization is 

evaluated  in the following paragraph . First  we need  to 
present wind-hydro mechanical and electrical models of 
the generators used .The modeling of the SG and IG is 
based on the equations (1) to (8).For the synchronous 
generator  the d-q model is [13], [14]: 
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where sT is the air gap torque of  SG, ,fd fE ψ is the field 
voltage and field flux linkage of SG, ,s sJ D  is the inertia 
and frictional damping factor, rqψ , rdψ

 
is the rotor flux 

linkage components, , ,s ar r ,s rL L  is the stator, rotor 
resistance and inductance ,sq sdV V stator terminal voltage 
components of SG, ,sq sdi i  current component 

, , ,q d f mL L L L q,d-axis, field, and mutual inductance sω  
bus frequency of SG. 

The induction generator squirrel cage model is [15], 
[16]: 
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The current balance of the systems is given in 
equations:  

. .0,  0sq iq q ac q sq iq q ac qi i i i i i i i+ − − = + − − =   ,          (8) 
where ,a aC ω are capacitor bank and angular speed of wind 
turbine, ,md dL L d-axis field mutual inductance and transient 
inductance, ,lq ldi i current component of the load, ,cq cdV V AC 
side voltage of the converter of SG lω  bus frequency of IG 
rotor, 0 0' , 'dτ τ  transient open circuit time constant, aT air 
gap torque of SG and IG; . .,ac q ac di i AC side current of the 
converter, 1 2,r r  1 2,L L  resistance and reactance between SG 
and IG and bus; ,iq idi i and IG into the bus , , ,aq ad aq adi i V V

 
stator terminal current and voltage of IG. 

 
4.   MATLAB/SIMULIK SIMULATION  OF THE 
HYBRID VARIABLE SPEED POWER  SYSTEM 

      
The variable speed generator system presented in this 

case uses a 400 V, 10 kW  synchronous machine, a wind 
turbine driving a 400 V, 20 kW induction generator, a 6 
kW customer load and a variable secondary load (0 to 60 
kW) (figure 7). At low wind speeds both the induction 
generator and the diesel-driven synchronous generator are 
required to feed the load.  

When the wind power exceeds the load demand, it is 
possible to shut down the hydro turbine. In this all-wind 
mode, the synchronous machine is used as a 
synchronous condenser and its excitation system 
controls the grid voltage at its nominal value. A 
secondary load bank is used to regulate the system 
frequency by absorbing the wind power exceeding 
consumer demand. The Secondary Load block (figure  
8) consists of eight sets of three-phase resistors 
connected in series with GTO thyristor switches [17].  

The nominal power of each set follows a binary 
progression so that the load can be varied from 0 to 
20kW by steps of 1 kW. GTOs are simulated by ideal 
switches.  

The frequency of the grid  is controlled by the 
Discrete Frequency Regulator block. This controller 
uses a standard three-phase Phase Locked Loop (PLL) 
system to measure the system frequency [18].  

The measured frequency is compared to the 
reference frequency (60 Hz) to obtain the frequency 
error. This error is integrated to obtain the phase error. 
The phase error is then used by a Proportional-
Differential (PD) figure 9 controller to produce an 
output signal representing the required secondary load 
power . This signal is converted to an 8-bit digital signal 
controlling switching of the eight three-phase secondary 
loads. In order to minimize voltage disturbances, 
switching is performed at zero crossing of voltage. the 
wind speed (10m/s) is such that the wind turbine 
produces enough power to supply the load. 
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Fig. 7 Complete Hybrid variable speed System case 1 (no battery storage) 

 
 

 
 

Fig. 8 Variable load regulator for the energy control in the grid 
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Fig. 9  PLL Filter structure 

 
When the hydro turbine is stopped and then 

synchronous machine operates as a synchronous condenser 
with its mechanical power input (Pm) set at zero.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 10   Grid frequency variation  

 
 

The frequency regulation system acts when an additional 
1 kW customer load is switched on (figure 10). As the 
asynchronous machine operates in generator mode, its speed 
is slightly above the synchronous speed (1.011 pu).  

According to turbine characteristics, for a 10 m/s 
wind speed, the turbine output power is 0.75 pu (14.070 
kW). In this situation the wind turbine produces 20 kW. 
As the main load is 6 kW, the secondary load absorbs 
15 kW to maintain a constant 50 Hz frequency. Voltage 
stays at 1 pu and no flicker is observed (figure 11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 11 Current and voltages 
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Fig. 12 Simulation results for system startup 
 

 At t=0.2 s, the additional load of 2 kW is switched 
on (figure 12). The frequency momentarily drops to 
59.85 Hz and the frequency regulator reacts to reduce 
the power absorbed by the secondary load in order to 
bring the frequency back to 50 Hz. 
  
5.  CONCLUSIONS 

 
The results from the simulation of renewable hybrid 

system shows that in it is important to look into the 
amount of excess energy the system produced. A 
reduction of 50% excess energy would have similar 
effect on the costs of energy. An alternative is to limit 
the load towards the dominant power supplier in the 
renewable energy hybrid system. This is to ensure that 
the initial capital and annualized cost to be at its 
minimum as it results from the HOMER optimization.  
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