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ABSTRACT:- In this research the design and simulation of a hybrid wind-solar and diesel 

was studied and discussed to be used in the far areas of our country to help the people there in 

improving their life where electricity from the main grid has not reached yet. 

The proposed connecting configurations are compared to select the one with the best 

efficiency of power consumption to the consumers by considering each power sources 

independently. It is found that best efficiency of power consumption can be achieved with the 

Mixed-coupling HPSs, when compared with the other topologies and the selected topology is 

used for further investigation. 

Keyword: Solar cells, Electricity generation, Renewable energy.  
 

1. INTRODUCTION 

Remote rural areas, especially in IRAQ, are in great need of affordable and reliable 

electricity to achieve development. Likewise, an overview through the most important 

literature on rural electrification proves that renewable energies are one of the most suitable 

and environmentally friendly solutions to provide electricity within rural areas.  

Some of the advantages of using renewable energies are (3): 

� Gain an immediate access to reliable electricity at any time. 

� Avoid long waits for grid extension and permit the connection it comes. 

� Reduce the dependency from oil price fluctuations. 

� Reduce the transportation costs of fuels. 

� Improve health care and reduction in rural areas. 

� Increase economic productivity and create local employment opportunities. 
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� Fight climate change and poverty. 

� Allow for a better use of local natural resources. 

 

1.1. System components 

The hybrid power system, described here, basically includes the following main 

elements:  

1. Renewable energy sources: PV-system, Wind generator.  

2. Energy storage bank: Battery bank.  

3. Backup energy source: Diesel generator set.  

4. AC-loads. 

5. Power electronic devices. 

 

1.1.1. Diesel Generator set 

A diesel generator is a diesel engine combined with an electrical generator (alternator) 

via a rotating part to generate electric energy. The diesel engine coverts the chemical energy 

available in fuel into mechanical energy in which the produced mechanical power rotates the 

engine shaft connected to the alternator. 

This generator-set has the following drawbacks:  

• Very heavy and difficult to handle. 

• Noisy. 

• Low efficiency. 

 

1.1.2. PV-array system 

The solar irradiation varies daily with time and seasonally. These in turn results to the 

reliability problems from such sources of energy seeking energy conversion, energy storage 

and load control etc. when compared with conventional sources of energy. 

 Advantages 

� Environmentally friendly and pollution free (emission free). 

� No use of fuels and water. 

� Requires minimum maintenance and low running cost. 

� Long lifetime, up to 30 years.  

� Modular or “custom made” energy, can be designed for any applications from watch 

to a multi-megawatt power plant.  
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� No restriction on harvesting as far as there is light.  

Drawbacks 

� High initial cost. 

� PV can't operate without light.  

� PV generates DC current: energy storage, like batteries, and inverters are needed.  

� Large area needed for large scale applications.  

� Cannot always generate stable output with ever-changing weather conditions. 

      Fig.(1) shows PV-array system, which is a part of the whole system, with battery bank 

charging or supplying the AC load.  

 The number of series connected PV-modules can be calculated as follows(12): 

modVVN syss = …………………………………………………. (1)  

Where, 

 sN  = the number of series connected PV-module (rounded up to a whole number). 

 sysV = nominal system voltage. 

 modV = nominal module voltage. 

      The number of parallel panels can be determined as [9, 12]:  

DSHISLLALN mpDAp )1/():( −= ………………………………(2)  

Where, 

Np = number of parallel connected modules (rounded up to a whole number)   

LDA = Average daily load (A) 

A:L = average photovoltaic Ah available-to-average daily load Ah ratio  

SL = system loss 

Imp = module current at maximum power (A) 

DSH = the daily sun hours  

    The average daily PV-to-load Ah ratio can be determined from (12) 

DRTIDSHILA loadarray=: ………………………………........(3) 

Where, 

         DRT is the daily running time of the system and typical A:L values are (1.1-1.2) for 

non-critical loads and (1.3-1.4) or higher for critical loads, and the month with lowest A:L 

ratio has to be taken when designing a PV-array system[12]. 

        The total number of PV-modules forming PV-array is, therefore (13): 

sp NNN =mod ……………………………………………...….(4)  
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1.1.3. Wind Turbines 

Wind turbines are used to generate electricity from kinetic power of the wind i.e. the 

generation of wind energy primarily depends on the wind speed [21]. Modern wind turbines 

capture more than 90% of available energy from wind, compared with fuel efficiency 

between 30 - 40% for a conventional coal fired station, which typically loses a significant 

portion of energy through heat loss and pollution. 

 Some advantages of using wind turbines to generate power are:  

� environmentally friendly  

� produce no pollution  

� no traditional fuel required  

� requires relatively little maintenance  

� long life time (up to 30 years)  

Disadvantages  

� interference with radio/TV signals if located inappropriately  

� the wind doesn’t  blow all the time at required speed  

� high initial cost 

3

2

1 νρ rotAp = (w)……………………………………(5) 

Where: 

P: mechanical power in moving air (watts). 

ρ: air density (kg/m3). 

Arot = area swept by the rotor blades exposed to the wind (m2). 

ν  = wind speed (m/sec). 

 

 1.2. Technical configurations for hybrid power systems 

The hybrid system can be designed following different configurations to effectively 

use the locally available renewable energy sources and to serve all power appliances. 

                     

1.2.1. AC/DC-coupled Hybrid Power Systems 

For the hybrid power system whose demand is to be supplied from wind turbine, PV-

system, a diesel generator and a battery, different configurations are explained in (1, 3, 5, 21). In 

general, there are three accepted categories hybrid system technological configurations 

according to the voltage they are coupled with each other and the load. These are:  

a) AC-coupled hybrid power systems.  
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b) DC-coupled hybrid power systems.  

c) Mixed-coupled hybrid power systems.  

 

1.2.2. AC-coupled Hybrid power Systems 

With this type of configuration, the different HPSs are connected at the AC-bus with 

the load. The AC coupled HPSs are further divided into two sub-topologies.  

i. Centralized AC-coupled HPSs.  

ii.  Distributed AC-coupled HPSs. 

  

1.2.3. DC-Coupled Hybrid Power Systems 

In DC-coupled HPSs configuration, all the ECSs, unlike AC-coupled HPSs, are 

connected to a DC main bus before being connected to the load. Connection with the AC 

loads is done through a main inverter. 

 

2. PROPOSED SYSTEMS 

2.1. Proposal 1 

Fig.(4) shows the wind turbine and Generator set are directly connected to the AC bus 

and thus there are no losses associated with the directly consumed part of the power from 

these energy sources. However, the power from the PV-arrays face the DC/AC power 

converter before it is connected to the AC-bus. Thus, losses associated with this converter are 

considered even for the directly consumed part of the power from the PV-arrays. For the part 

of the power consumed from the battery, losses associated with the AC/DC converter, the 

battery, and DC/AC are also taken into account over and above the losses considered with the 

direct power consumption cases.  

The (Table 1) gives a summary of equations for the efficiency of power consumption 

from the different energy sources whether the power is used directly or indirectly for 

proposal-1. 

 

2.2. Proposals 2 

        If some part of the PV-array power is to be used from the battery after the energy has 

been stored, then Proposal 2 give the same and higher efficiency of utilization than Proposal1 

provided that no more than 85% of the PV-array power is used directly. Figure (5) shows the 

second suggested proposal. 
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            The (Table 2) gives a summary of equations for the efficiency of power consumption 

from the different energy sources whether the power is used directly or indirectly for 

proposal-2. 

 

2.3. Efficiency comparisons of the suggested system 

It can be observed from the last figures that the power losses with the direct power 

consumption from the PV-arrays depend on DC/AC converter with proposal-1 and (Charge 

controller + Inverting device) with proposal 2. For the consumption of PV-power from the 

battery, the losses across the DC/DC converter, AC/DC converter, battery charging and 

DC/AC converter contribute for the consumption efficiency with proposal-1. Similarly, losses 

associated with charge controller, battery charging and inverting device contribute for the 

power loss with proposal-2.  

 

3. POWER MODELING AND SIMULATION 

Different types of power management methods are defined. For each method, 

mathematical modeling is designed based on the power balance (between the supply side and 

the load side), the battery bank charging/discharging limits (upper and lower energy limits) 

and the sizing of system elements. Then, MATLAB/Simulink models are designed for the 

mathematical models of each and every method. The simulation models, which are designed 

for each method, are then simulated. 

 

3.1 Simplified Electrical Circuit Model 

For the simple model (Figure 7), mathematical modeling is performed based on power 

or current control mechanism to check the balance of the instantaneous power or current 

between the supply side and the load side at the main DC-bus. The power balancing plays a 

big role in the control system of the hybrid power systems (19). 

Applying power balancing at the DC-bus, we have the fundamental mathematical 

model expressed as: 

)()()()()( tPtPtPtptP bbpvdgwgload +++= ………………………………… (6)  

Where, 

 pwg(t) the injected power into the DC-bus from the wind generator. 

Pdg(t) the injected power from the diesel generator into the DC-bus. 

Ppv(t) the injected power from the PV-array into the DC-bus. 
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Pbb(t) the injected power from the battery bank into the DC-bus the energy measured at the 

DC-bus. 

     The current equation is as follows: 

)()()()()( tititititi bbpvdgwgload +++= ………………………………….. (7) 

         The maximum power capacities of the PV-arrays and Wind turbines are, then, 

determined by multiplying the number of PV-panels and Wind turbines with the 

corresponding Watt-peak capacities of a selected PV-panel and Wind turbine respectively.     

         The maximum power sharing of each system elements within the cycle which 

contributes to the sizing of system elements can be represented in Figure (8) . 

 

3.2. Matlab/Simulink Modeling of the Proposed Hybrid System 

         The Matlab/Simulink simulation model of the proposed system based on the previous 

equations is as shown below: 

        The load demand data (hourly average power demand) is one of the inputs. In Figure 8, 

it can be seen that these input data are transformed into the DC-bus where the different 

proposed systems are applied. Over and above, the calculated powers from a PV-panel and a 

wind turbine which are evaluated from the solar insulation and wind speed data respectively.              

        The detailed modeling of the battery bank is simulated by simple Simulink which can be 

referred when dealing about each power system is shown by Figure (10).(19,20) 

        The detail of the "Charging/Discharging Control" subsystem of the battery bank which   

is shown in Figure (10) . 

 

4. SIMULATION RESULTS OF THE PROPOSED HYBRID SYSTEM 

4.1. Simulation Results of the battery bank 

         The simulation results for the power shares among the energy sources and the energy 

stored in the battery bank is shown by Figure (12). 

         The power losses associated with the charging/discharging of the battery bank and 

power electronic devices are indicated on Figure (13). 

 

4.2. Simulation Results of the Generation set: 

          Based on the mathematical modeling equations and the Simulink model for the 

Generation set is designed and is given by Figure (14) . 
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         Taking the "Generation set control" techniques, which are discussed in the 

mathematical modeling, into account, the detail of the "Generation set Control" is shown in 

Figure (15). 

         Simulation of the model for Generation set given by Figure (14) gives results for the 

power shares and stored energy show in (Figure 16) (20). 

         As it can be referred to Figure (16), the Generation sets are supplying exactly the load 

demand at each and every time for their controls. The battery banks show neither charging 

nor discharging statuses, and this is indicated by the constant energy (initial battery energies). 

  
4.3. MATLAB/Simulink Modeling of PV arrays 

           The Simulink model of PV-arrays in Figure (9) can be modified for Only PV-arrays 

with battery bank by removing all Simulink blocks which are not interrelated to the PV-

arrays with battery bank. 

 

4.4. MATLAB/Simulink Modeling for Wind turbines  

          The Simulink model of Wind turbines in Figure (9) can be modified for Only wind 

turbines with battery bank   by removing all Simulink blocks which are not related to the 

wind turbines with battery bank.(21) 

 
4.5. MATLAB/Simulink Modeling for the Renewable Power System 

         The Simulink model (Figure 19) accepts three basic inputs. These include data inputs 

from the load demand, the solar power (from solar irradiation) and the wind turbine power 

(from speed). The power conversion losses associated with the battery bank, DC/DC 

converters and AC/DC converters are also included.    

         The simulation results are shown in Figure(20). The instantaneous power shares of 

system elements and the energy levels of the batteries are shown for the load. 

 

5. CONCLUSIONS 

          A hybrid power system which consists of diesel generation set, PV-arrays and wind 

turbines with energy storing devices (battery bank) and power electronic devices has been 

discussed in this paper to achieve an efficient and   system configuration so that hybrid power 

sources could improve the life of people especially in rural areas of IRAQ where electricity 

from the main grid has not reached yet. For the different energy sources, where some are AC 

sources and others DC sources, different connecting diagrams are proposed in this work. The 
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proposed connecting configurations are compared to select the one with the best efficiency of 

power consumption to the consumers by considering each power sources independently. It is 

found that with the Mixed-coupling Hybrid systems, best efficiency of power consumption 

can be achieved when compared with the other diagrams and the selected diagram is used for 

further investigation.  

        With typical AC-load simulation, solar irradiation and wind speed readings of a typical 

site, the sizing approaches of each energy sources, the battery bank and power electronic 

devices are discussed in this paper. Having described the preliminary sizing approaches of 

system elements for the selected diagram, different power management techniques are 

defined based on the typical load demand curves, where the diesel Generation st gets supports 

from the renewable energy sources and the battery bank.  The different systems which 

resulted from the defined power management strategies are modeled using 

MATLAB/Simulink blocks.   

        The simulation results (power shares, losses and energy level of the battery bank) verify 

that the results are in accordance to the mathematical modeling which depends on the 

governing energy and power equations. The demand is met at every time and the 

charging/discharging of the battery is controlled between the upper and lower limits. 
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Table (1): Equations for calculating the efficiency of powers from the different sources for 
proposal -1. 

 

 

Table ( 2): Equations for calculating the efficiency of powers from the different sources for 
proposal -2. 
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Fig.(1):  PV-system supplying AC loads connected at the main DC-bus. 

  

  
 

 

 

Fig.(2): Centralized AC-coupled HPSs. 

  
 

 
 
 
 
 
 
 

Fig.(3): DC-Coupled HPSs. 
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Fig.(4): the first suggested hybrid system. 

  
 

 
 
 
 
 
 
 
 

Fig.(5): The second suggested Hybrid System. 
 

  
 
 

Fig.(6):Comparison of efficiency for proposals 1 and 2. 
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Fig.(7): Simplified Electrical Model for the Hybrid System. 
 

 

Fig. (8):The max power sharing of each system elements. 

 

 

Fig.(9): Matlab/Simulink model of the proposed hybrid system. 
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Fig.(10): Simulink modeling of rechargeable lead acid battery.   

  

 

Fig.(11): Detail of the "Charging/Discharging Control" of the battery bank. 

 

Fig.(12): Simulation results of the power proposed system for the power shares and stored 
energy in the battery bank. 
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Fig.(13): Power losses associated with the battery bank, DC/DC and AC/DC converters for 

the proposed hybrid system. 
 
 
 
 
 

 

Fig.(14): MATLAB/Simulink model for simulation of Only Generation set. 

 
 
 
 
 

 

Fig.(15): Detailed MATLAB/Simulink model of the "Generation set control" sub-system for 
Generation set. 
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Day time (hour) 
Fig.(16): Simulation results of the Generation set for the power shares and stored energy in 

the battery bank. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.(17): Simulation results of the PV-arrays for the power shares and stored energy in 

the battery bank. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.(18): Simulation results of the Wind turbines for the power shares and stored energy in 

the battery bank. 
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Fig.(19): MATLAB/Simulink model of Renewable Power System. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.(20): Simulation results of the renewable system for the power shares and stored energy 
in the battery bank. 
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