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Abstract:  The paper deals with the holistic modeling approach of a combined diesel and wind power systems. The method 
is using two different software modeling tools: HOMER (Hybrid Optimization Model for Electric Renewable) and 
MATLAB /simulink. Following description of the software- modeling tools, an evaluation of how to determine the optimal 
system is discussed. As an overview of the modeling process, HOMER is used to size and optimize the system according to 
the system constraints such as fuel costs; wind resources number of turbines, etc.., with the HOMER data a suitable model is 
obtained to determine a range of annual fuel usage by the implementation of numerous wind turbine arrays and other system 
factors.  Finally, the power control strategy is achieving with a HPNSWD system is investigated using MATLAB simulink. 
With the MATLAB / simulink effectively simulating transient conditions of diesel power up/ power down during periods of 
fluctuations in wind resources. To decrease the fuel consumption by adopting a wind turbine to the diesel power generators. 
The objective of this project is to utilize the potential energy of wind and is converted into electric energy to supply load 
demand of the area.  
 
Index Terms:  MATLAB / SIMULINK, HOMER, Renewable Energy, Control Systems, Modeling, And Power Systems. 
 

 
I. INTRODUCTION 
 
Generally Remote off-Grid areas, utilizes diesel 
powered generators to supply its electrical needs due 
to some restrictions of transmission and distribution 
electrical power supply since these areas are reliant 
on a diesel  fuel specially formulated, fuel expenses 
can be quite high. To decrease the fuel consumption 
by adopting a wind turbine to the diesel-powered 
generators. The objective of this project is utilize the 
potential energy of the wind is converted into 
electrical energy to supply load demand of the area. 
The specific mechanism investigated is a high 
Penetration no storage wind diesel (HPNSWD) 
system that can utilize the wind sources and 
minimizes diesel fuel consumption. These 
diesel/wind turbine systems are commonly referred to 
as “Hybrid” systems: a graphical representation of 
such a system is shown in figure. With HOMER 
SOFTWARE, simulation models are constructed to 
show long term performance and tends of the system 
what is also required to provide for a complete 
representation of the system is to determine the 
transient response of the system-during periods when 
the diesel is either turning OFF (in the case of 
increasing wind Resources) or ON (in the case of a 
decreasing wind resources). The MATLAB/simulink 
sim power systems block allows for such a transient 
model. To determine how quickly the system power 
respond to such operating conditions and also the 
range of the effects of these changes. For example, 
the transient response will indicate how much the grid 
frequency is change before the diesel generation will 
either turn on (for the case of decreasing wind) or 
turn off (for the case of increasing wind). In the first 
stage, the energy systems are modeled using HOMER 
and MATLAB/ simulink software tools to analyze  

 
their dynamic behavior and second stage. The annual 
fuel usage of 7, 66,409 liters/year annual electrical 
energy with the base line diesel only system for 
HOMER model. The AC primary load energy 
fraction is 100% of course the total electrical energy 
consumption is 100% and the total 20,84,515 kw /yr. 
the HOMER model provides for much more details in 
the results for the diesel  generator. Due to the 
primary concerning the environmental impact of 
modeling hybrid system, a brief note on diesel 
amusing to quantify the reduction of emission with 
the use of a renewable energy source. This system 
modeling and controller design method was validated 
experimentally. 
 
II. GRID INTEGRATION REQUIREMENTS 
 
The hybrid systems connected to the grid has 
motivated the power systems operators to introduce 
new Connection requirements for wind–diesel 
system. These new requirements have caused the 
wind farms to contribute, as a conventional 
synchronous generator for the operation of the 
electrical system. Which is guarantees the quality and 
continuity of the power system. The different 
characteristics from the grids in each country cause 
that the behavior of the wind farms as a greater or 
smaller influence in the stability of the system. For 
this reason the demanded requirements vary from one 
country to other. The new requirements are focused 
in the following aspects: voltage ride through, 
reactive power exchange, voltage control, and 
frequency control and power limitation.  The voltage 
sag is a more or less appreciable fall of voltage 
produced by a short circuit in the neighborhoods. In 
order to assure the voltage stability in the different 
grid nodes it is necessary to the balance the reactive 
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power generation and consumption. The grid 
operators demand to the wind farms to participate in 
active farm in that task. Traditionally,  the  wind  
farms  have worked  with  the  unity  power  factor  
most  of  the  cases  in order to be able to contribute 
the demanded power factors, the  generators has to 
work with the reduced power factors (capacitive or 
inductive) requires the contribution of auxiliary 
elements (capacitor banks) at a substation. In most of 
the cases in order to be able to contribute the 
demanded power factors, the generators has to work 
with the reduced power factors  (capacitive or 
inductive) requires  the contribution of auxiliary 
elements (capacitor banks) at a substation. The 
reduced power factor (capacitive or inductive) 
requires the contribution of auxiliary elements 
(capacitor banks) at a substation.  
 
III. WIND POWER TRANSMISSION 
 
Aerodynamics  is  the  science  and study of  the 
physical  laws  of  behavior  of  objects in an air flow 
and the forces that are produced by air flows. The 
front and rear side of wind turbine rotor  blade have a 
shape roughly  similar  to that of rectangle, with the 
edges  bounded  by  the  leading edge, the trailing 
edge, the blade tip and  the  blade root. Some wind 
turbine blades have movable blade tips has air brakes, 
and many times see the distinct line separating the 
blade tip component from the blade itself.  If a blade 
were sawn in half, one would see that the cross 
section has a streamlined asymmetrical shape, with 
the flattest side facing the oncoming airflow or wind. 
This shape is called the blades aerodynamic profile. 
Wind turbines of various sizes are considered but to 
achieve an electrical average annual renewable 
energy fraction of at least 30%, a 300kw Enercon E33 
is chosen as the baseline turbine. This particular 
turbine was chosen for the following reasons: it has 
low speed power profile; E33 model has proven 
reliability in any weather, gearless to reduce the 
maintenance/ improve reliability. The 300kw size 
appropriate to achieve electrical annual renewable 
energy fractions Exceeding 30% per turbine. If  for  
example  the smaller 50kw turbines  are  used, this 
configuration would require installation of 6 turbines 
to achieve renewable energy fraction exceeding 
30%.the power curve  of  the  Emerson  E33  wind  
turbine  that  is  used  for  the hybrid model is shown 
in the figure. This curve  shows the output power of 
the wind turbine in relation to the given wind speed 
and turbine  rotor speed For  fixed speed wind 
turbines  the  turbine is operating within a narrow  
frequency range  (1500  –  2000  RPM), so the  
maximum power for the turbine is not produced until 
thewind speed reaches between 10-13 m/sec. 

 
Fig. 1 Output Power of the Wind Turbine In Relation To the 

Given Wind Speed and Turbine Rotor Speed. 
 
The inclusion wind turbine required a power profile 
so that correlation between wind speed and output 
power could be determined. The chosen turbine for 
this application is the Enercon E33, which appears to 
be a more common choice for different-environment 
application due to its gearless design (reducing 
maintenance), proven reliability and low wind cut-in 
speed. A Power curve for the E33 can be seen in 
figure. 
 
IV. METHODS OF DIESEL – WIND 
 
As an overview of the modeling process, HOMER is 
used to size and optimize the system according to 
system constraints such as fuel costs, wind resource, 
number of turbines, etc. with  the HOMER data;  a 
suitable  model is obtained  to determine a range of  
annual fuel usage  by the implementation of  
numerous  wind  turbine  arrays  and other system 
factors. Finally, the power control strategy is 
achieving with a HPNSWD system is investigated 
using MATLAB simulink. With the 
MATLAB/simulink effectively simulating transient 
conditions of diesel power up/ power down during 
periods of fluctuations in wind resources. The hourly 
electrical lead data validated wit HOMER. The 
HOMER software determines sizing of the proposed 
hybrid wind system components and annual fuel 
usage prior to the MATLAB/simulink system 
modeling. With the existing diesel only configuration, 
the addition of a properly sized single or multiple 
wind  turbine  array  would  be compulsory, as to 
ensure a final configuration that  is properly sized  
and economically  reasonable. In order to properly 
size the wind turbine for this application, a few 
standards must be essential to determine the optimal 
hybrid configuration. The percentage of renewable 
energy or  renewable penetration can be classified in 
the following way The average annual electrical load 
of an area is 5711kw and a maximum electrical load 
is of 300  kw, the instantaneous penetration ranges 
from 0%(calm winds) to nearly 310%. The average 
penetration is a value, more commonly used when 
referring to renewable Penetration percentages. The 
simulation run with HOMER indicates the average 
penetration values of 64%. The system design 
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constraints are such that the percentage of renewable 
energy would be below 36% threshold was chosen 
because at  

 
Fig. 2 overview of wind- diesel energy generation and 

utilization 
 
Percentages above this value, short term energy 
storage devices such as flywheels, batteries or 
hydrogen fuel cells are usually required. Additionally 
the wind-diesel with storage systems are found to 
provide the greatest fuel savings compared with 
either no or very small battery systems are used. 
Therefore, the research gathered for this providing for 
system estimates based from a range of control 
parameters. For example, a graph for the number of 
wind turbines can be obtained as a function of both 
diesel price and renewable energy fraction. Using this 
approach an evaluation can be made as to how the 
number of turbines may change, in addition to the 
amount of renewable energy fraction when the fuel 
price fluctuates. Although a reasonable consideration, 
it must be noted that the financial Generator Inputs:  
Achievability is not a primary concern for this 
project. `Reasonable consideration, it must be noted 
that the financial Generator Inputs:  
Achievability is not a primary concern for this 
project. 

 
Fig. 3 Homer model simulation result of electrical load 

Consumption in one day 

 
Fig. 4 Add / Remove Equipment to HOMER Model 

 
Table -I Only Diesel Generator Electrical Energy Production 

 
Table -II Primary Load Inputs 

 
Fig. 5 Generator Inputs 

 
Table-III Only diesel generator output 
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Table-IV Only Diesel Generator Emissions 

 
Table-V Wind Resource Inputs 

 
Fig. 6 Graph of Wind Resource Inputs 

 
Table-VI Wind turbine output 

 
Table-VII Hybrid Annual Electrical Energy Production 

 
TABLE-VIII Comparison of Hybrid System and Baseline 

Model  Diesel Generator Output. 

 
TABLE-IX Comparison of Hybrid system and Baseline Model 

Diesel Generator Emissions 
 
V. SIMULATION RESULTS 
 
With the HOMER software, simulation models are 
constructed to show long-term performance and 
trends of the system. What is also required for a 
complete representation of the system, is to determine 
the transient response of this system–during periods 
when the diesel is either turning off (in the case of an 
increasing wind resource) or on (in the case of a 
decreasing wind resource).The MATLAB/simulink 
simpower systems block allows for such a transient 
model, to determine how quickly the system powers 
respond to such operating conditions and also the 
range of the effects of these changes. For example, 
the transient response will indicate how much the grid 
frequency is change before the diesel generator will 
either turn on (for the case of decreasing wind) or 
turn off (for the case of increasing wind). 
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Fig. 7 Simulink Decreasing Wind Diesel Transient Response 

Model 

 
Fig. 8 Simulink Decreasing Wind Diesel Transient Response 

Model Output waveforms 

 
Fig. 9 Diesel Generator Output Voltage 

 
Fig.10 Simulink Increasing Wind Diesel Transient Response 

Model 

 
Fig. 11 Simulink Increasing Wind Diesel Transient Response 

output wave forms 
 
CONCLUSIONS 
 
A base line electrical power generation problem is 
taken-up and modeled for hybrid system with wind 
power and diesel generation. The Ramgiri wind 
operated generation plant was chosen for the 
modeling hybrid power plant. The data obtained is 
modelled by using HOMER package and Matlab 
simulation for hybrid power plant. HOMER package 
is used to properly size the system based on wind 
energy penetration. The combination of excess wind 
resource and electrical load profile systems are able 
to provide a total renewable energy fraction of 64%. 
Using long term HOMER model, total annual fuel 
usage got decreased by 51.58% from 7, 31,369 
litres/year. The average Electrical Efficiency for the 
diesel generator increased by6.7% i.e., from 22.3% to 
29%. Diesel Generator operational life got increased 
by 1.58 years i.e., from 5 years to 6.58 years. The  
cost of  Electrical Energy per kWh decreased by 30% 
from Rs.51.82 to Rs.36.08. Total pollutant emissions  
(Carbon dioxide, Carbon monoxide, Unburned 
hydrocarbons, Particulate matter, Sulphur dioxide, 
Nitrogen oxides) for HOMER model hybrid system  
get  reduced by51.5% compared to diesel only 
system. 
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