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Abstract  
This paper will describe a way of sizing a hybrid power system for single house connected to electrical grid in 

Jordan, however, The electric grid will be considered as a back-up source. The final compose for the system is: 

wind turbine, Solar panel, renewable power controller, demand controller (intelligent supervisory switching 

controller system), battery and inverter. The wind turbine and the Solar panel are unsteady generators and they 

are chosen according to the average load for 20 houses. Moreover, both controller and inverter are chosen 

according to the maximum power benefit and allow expand in the future. Batteries are chosen through 

calculating full day blackout by storing the extra power during the day. This system has been tested using 

HOMER simulation. 
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1. INTRODUCTION 

When we say distributed generation that‟s mean 

the electrical generation near the consumption place 

[1, 2, 4, 5, 13]. The distributed generation increase 

the demand on renewable energy resources and it 

increase the cogeneration resources which produce 

heat and electricity [5-7]. Moreover, renewable 

energy sources are the application which depend on 

natural resources predominantly wind, sunlight, and 

hydro, however, there are more renewable 

resources such as tides, waves, geothermal heat and 

biomass [9, 10, 22].  

The most common renewable applications for 

distributed generation are hydropower, which could 

be in huge generation or micro power generation, in 

the second, wind energy which can be available in 

variety places and it could be from 1 KW to 7.5 

MW. Finally, solar energy which has unlimited 

access to power systems, however, to supply houses 

with power supply as independent usually using 

wind or solar energy [5-9]. The house which has 

been tested is located in Salt near the capital city 

Amman (Jordan), and it is connected to the electric 

grid. The location has wind and solar potential. 

Also it has the following characteristics: annual sun 

radiation is 25 MJ/m
2
/day which equal to 6.944 

kWh/m
2
/day annual average insolation, and annual 

average wind speed is 14.083 m/s. [28]  

 

TABLE.1. the average radiation and wind speed. 

 

Month Temperature 
Sun 

radiation 

Wind 

speed 

 
(C°) MJ/m2 (m/s) 

January 4 12 18 

February 5 18 18 

March 11 21 12 

April 17 26 8 

May 21 31 6 

June 29 35 12 

July 31 36 11 

August 35 36 11 

September 32 33 11 

October 24 27 18 

November 14 16 21 

December 3 9 23 

 

                   

2. OPERATING COMPONENT   

 

As for this system is used more than one 

renewable energy resources so it called hybrid 

systems [8], to produce electricity from the hybrid 

power system, the system should contain the 

following: 

• Wind turbine to convert the power of wind flow 

into electricity through electro-mechanical process; 

• Photovoltaic panel to convert sun radiation into 

electricity through electro-radiation-heat process; 

• Controller to organize and manage the hybrid 

component symphony, and to manage power flow 

mainly for and from the batteries; 

• Batteries as storage system for the excess power 

and backup power when required; 

• Inverter to convert the DC current into AC 

current and the electric energy can be used by the 

appliances in the house.  

The hybrid power system working by producing 

DC power from the wind turbine and the solar panel, 

the controller (intelligent supervisory switching 

controller system) will automatically detect the load 

and consumption power from the two resources, the 

controller will manage the power flow depending 

on the energy demand as it can take only three 

scenarios; first the power supply is equal the 

demand load the controller will convert all the 

power supply using the inverter from DC to AC 

220-240 volt 50 Hz, second, the power supply is 

more than the demand load, in this situation a part 

goes in the battery and the other part is converted 

using the inverter, finally, the demand load is 

higher than the supply from the renewable sources, 

this will required all the power supply to be 

converted plus the power which has been stored in 

the batteries, and if the demand load still higher 

after using the storage power, The electric power 

grid will be used as a back-up source[3, 11, 12, 22]. 

The intelligent supervisory switching controller 

system was to enable the end-user to control 

demand load in the case of generation and demand 

mismatch by corresponding tariff indication.   

Wind turbine and solar panel together are playing 

as complementary generators according to the 

topographies in this city; in summer give the most 

power which consider on of the highest radiation in 

the world and the wind speed is low, in the other 

hand the wind speed is much stronger and over 

average in the winter, when the Sun has very low 



power or radiation. According to that the system 

can give maximum efficiency from two generators, 

which give the advantages for hybrid power 

systems to be complementary and can produce 

energy when the system required that. [8, 14, 15, 23, 

28] 

In this situation the renewable generation (wind 

turbine and solar panel) are working parallel with 

the existing power grid, where, the grid will supply 

the power when the power from wind turbine and 

solar panel is not enough and also the stored power 

in batteries has been run out [11, 12, 22]. However, 

the grid can play as storage system when the 

generated power is much higher than the demand 

load [11, 24]. Grid interface with hybrid power 

system improve system reliability and stability [14-

16]. 

 

 
Fig.1. the general scheme of the new hybrid power system by HOMER. 

 

 

 
3. A DETAILED DESCRIPTION OF THE HYBRID 

POWER SYSTEM COMPONENTS  

 

    1. Wind turbine 

    As known the wind has kinetic energy this 

energy is moving the blades of the wind turbine 

according to the special design of the blades, the 

blades is connected to gear box through shaft. The 

gear box is connected to generator, the gear box 

will increase the rotational speed and the generator 

will convert the kinetic energy to electrical energy. 

[8-12] 

    The main parts of a wind turbine are: blades, 

hub, tower and nacelle (contains shaft, gearbox and 

the electric generator) as mention in figure 2 [1, 10]. 

    The electrical power which can be generated 

from wind can be calculated with the following 

equations [14, 17-19]: 

                          A = πr
2
 … (1) 

              P = 0.5ρAv
3
Cp … (2) 

Where: 

A - Swept area (m
2
); 

 r - Blade length (m); 

 ρ - Air density (kg/m
3
); 

 

Cp – Power coefficient; 

v - Wind speed (m/s). 

 

 
                        Fig.2. Wind Turbine  
    

    2. Photovoltaic panel 

    In simple words photovoltaic is a photon (light) 

from the sun directed to a semiconductor panel to 

release electron (voltage), so solar panel it able to   

transfer the light (from the Sun) into electric energy. 

[1, 8-10] 

    However, there are many types of solar panel it 

depend on the row material of the semiconductors 

and its nature, the common semiconductor material 

is silicon), there are two groups of photovoltaic 

cells: thin film cells and crystalline silicon cells, the 

famous two type of crystalline silicon cells are 

mono-crystalline and poly-crystalline, and the 

famous type of thin film cells is amorphous. [10] 

The main disadvantage of photovoltaic panel is 

produce small amount of power, and to produce 100 

W the system required 36 (125x125mm) of mono-

crystalline silicon cell joined together. Moreover, 



usually to have 12v output from solar the panel 

should have 36 cell joined together and if the 

electric system required 24v output it will be a joint 

of 72 cells. [9-10] 

   The output power of photovoltaic panels can be 

calculated by the follow equation [14, 19, 23]: 

P = η I Sn (W)   …      (3) 

Where: 

η - Efficiency of the panel; 

I - insolation (the power produced per unit square 

meter of the panel); 

Sn - number of panels. 

The efficiency of the panel can be calculated as 

follow: 

  

 ….  (4) 

Where: 

Pmax - maximum power point; 

Pin - power of the product of the solar irradiation 

measured in W/m
2
. 

 

  

3. Hybrid controller (intelligent supervisory 

switching controller system) 

The hybrid controller will work as a manage for 

the system, from the generation power (Wind 

turbine, solar panel, and national grid) to the end 

user, moreover, the controller is controlling the 

system in order to optimize the performance of the 

energy flow, if there extra power from wind and 

solar it will be stored in the battery as mention in 

last suction [11-12, 22]. In simple words the 

controller switches between different generations 

components depending on the amount of energy 

generated, and the controller will switch between 

loads as will, the unnecessary load in some 

circumstances will be switched off. This system 

will use Raspberry Pi device as a controller 

according to the cheapness and easy to control [21]. 

This considered a simple, fast and effective 

communication method between the end-user and 

the control unit.  

 

4. Battery 

As mention in last chapter the battery or batteries 

will store the excess energy from the renewable 

energy in order to consume it later when the system 

required [11, 12, 20, 22]. 

 

5. Inverter 

The inverter in sample words is a device able to 

convert DC power into AC power 50 or 60 Hz 

frequency [20, 22]; in this project the inverter will 

convert 24 voltages DC into 230 V AC 50 Hz. 

There three types of inverters available: square 

wave (this one is the simple and cheapest and it can 

be useful for simple application), sine wave (which 

produces a perfect sinusoidal wave and it 

compatible to all application in the market, which 

granted to work perfect because designed for sine 

waves part away from batteries chargers) and 

modified sine wave (it is alternative wave but not 

sinusoidal, which is used to approximate the sine 

wave for power translation aims). [32, 33] 

 

              
4.  SIZING THE SYSTEM IN ORDER TO CHOOSE 

THE COMPONENTS  

                                          

i. Demand load Determination  

The first step was to determinate the load in order 

to make this case on the whole, according to that a 

study for 20 houses has been done as shown in table 

2, the second step is to understand the levels of the 

Jordanian electrical bill, for this step the electrical 

Jordanian utility has been contacted to show the 

way of calculating there fees as it shown in table 3. 

As shown in table 2 the average of the demand 

load are in the second section, according to that the 

study will be done on the highest house demand 

load in the second section to reduce it at least to the 

first section. To find the total power and demand 

load for every application at house the followed 

equation is [29, 31]: 

E = P • T (Wh)         ….  (5) 

Where: 

E - Electric energy (Wh); 

P - Electric power (W); 

T - Time (h). 

 

 

TABLE.2. the demand loads for 20 houses. 

month demand 
less 150 

demand  
151-300 

demand  
301-500 



kwh Kwh Kwh 

1 9 10 1 

2 10 9 1 

3 10 9 1 

4 9 10 1 

5 5 13 2 

6 5 13 2 

7 5 13 2 

8 6 13 1 

9 5 13 2 

10 10 9 1 

11 9 10 1 

12 11 8 1 

 

 

TABLE.3. the fees according to the Jordanian utility. 

 Demand in KWh prices in 
fils  

prices in 
$  

1 (1 - 150) 33 0.05 

2 (151 - 300) 72 0.10 

3 (301 - 500) 80 0.11 

4 (501 - 600) 114 0.16 

5 (601 - 750) 141 0.20 

6 (751 - 1000) 168 0.24 

7 (1more than 
1000) 

235 0.34 

 

To understand the behaviour of the demand load 

which consume amount of energy, a study for the 

existing appliances is represented in the next table.  

The load demand is 9.82 kWh/day, 294.7 

kWh/month or 3536.4 kWh/year.  

 

ii. Choosing the wind turbine 

The chosen is a 900 W wind turbine with 24 DC 

volt output, cut in speed is 3.5 m/s and the cut out 

speed is 24 m/s. the rated power is 900 W at rated 

speed (12.5 to 17.5) m/s. the rotor diameter is 2.1m, 

the height of the tower is 7.5m with three blades for 

the turbine. (The selected turbine for this system is 

according to HOMER simulation)  

 

 
                                       Fig.3. Power Curve for Wind Turbine 

 

iii. Choosing the photovoltaic panel 

(Solar system) 

350 W polycrystalline photovoltaic panels is the 

best amount for the system with 24 DC nominal 

voltage and 10.19 A nominal current, the open 

circuit voltage is 43.8 V and the short circuit 

current is 11.14 A. (The selected photovoltaic for 

this system is according to HOMER simulation) 

 

iv.  Choosing the hybrid controller 

For wind turbine has been chosen 1000 W MPPT 

controller to have maximum power from the wind 

turbine [19, 25]. For the solar panel is the same 400 

W MPPT has picked up [26, 27]. For the batteries 

an auto switching battery charger controller 24 V, 

30 A. all controllers and the system is connected to 

raspberry pi to monitor the system from generation 

to the load to keep it under control by sending 

massages to the house holder to turn some 

application off to keep it under nominal power from 

the generation. 

 

 



TABLE.4. the demand loads for the picked house. 

name of 

the load
power W Quantity

used per 

day 

(Hour)

load per 

day 

KWh/day

load per 

month 

KWh/month

fridge 172 1 14.5 2.49 74.82

washing machine 275 1 0.35 0.10 2.89

microwave 750 1 0.45 0.34 10.13

AC unit 2000 2 1.1 4.40 132.00

TV 40 2 5 0.40 12.00

Iron 1000 1 0.1 0.10 3.00

Computer 55 2 1 0.11 3.30

stalite or DVD 25 2 3 0.15 4.50

low energy light18 6 3.5 0.38 11.34

standerd light bulb75 3 0.3 0.07 2.03

hair dryer 1800 1 0.1 0.18 5.40

water heater 2800 1 0.2 0.56 16.80

kettle 1000 1 0.55 0.55 16.50

9.82 294.70Total
 

 

 

v. Choosing the batteries 

To have efficient system the batteries should be 

large enough to operate the application for at least 

24 hours. The storage should be sufficient energy to 

operate the loads at moments of cloudy days or 

calm nights [14, 27, 29, 30]. In the case the system 

isn't depending on the generations, the appliances 

are received their energy from the batteries, 

however, if the batteries is fully discharged the 

system will depend on the stand by connection (the 

grid connection). To calculate the battery capacity, 

demand load and the battery backup usage time as 

follow [14, 27, 29, 30]. 

 [Ah]  … (6) 

Where: 

Ed - energy consumption per day (from the table); 

A - Number of days of autonomy (as wish to 

cover); 

BE - battery efficiency (from the factory); 

DoD - depth of discharge (from the factory); 

Vn - nominal voltage (as the system is sit). 

Taking to consideration the fact that the required 

load is 9.82KW/day, and the autonomy days are 

just one, the nominal voltage is 24 V (DC) [3, 14]. 

  

 Ah 

  

The best is to choose two 800 Ah, 12 V deep 

cycle GEL batteries. A deep cycle battery is 

designed to discharge to low energy level and it has 

the ability for quick charge, in other words it able to 

do this cycle charge and discharge for years. 

 

 

vi. Choosing the inverter 

To have efficient system the inverter should be 

higher than the generated power, in other words to 

allow the inverter work in safe space, it should be 

higher than the produced power. Also the inverter 

should have the same voltage of the system (24 V) 

[29, 30]. According to that the generated power is 

1250 W so the chosen inverter should be 1.5 KW.  

 

 
5. HOMER SIMULATION 

 

In figure 1 shows the component of the hybrid 

power system with each other‟s and how it is 

connected, in the figure 4 shows HOMER results as 

it mentioned in order from the cheapest capital cost 

and the affective as well. Moreover, the best stile 

for this system has been chosen according to the 

most affective power generation as it mentioned in 

the previous section. In figure 5&6 shows the cash 

flow and payback period. Figure 7 shows the 

generation power according to the required load 

where moat months are accepted and slightly 

depend on national grid, however, April and May 

manly are depend on national grid according to the 

low speed of wind. Figure 8&9 show the frequency 

of change for PV power and wind speed.        

 

 

6. CONCLUSIONS 

 

 

Renewable energy is considered an excellent 

alternative power; however, the end-user should 

operate electrical application in an efficient manner 

in order to consume the energy generated by the 

hybrid system, for example by avoid operating 

more than one device at the same time, stop 

unnecessarily appliances or put them in stand-by 



mode. The end-user should have new appliances 

compatible with energy efficient ones. 

Granting a system holding this specification with 

minor control from the end-use is able to reduce the 

electrical bill for second section about 85%, that‟s 

mean that only 15% depend on the national grid, 

which will reduce the fuel price discrepancy. 
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                                      Fig.4. HOMER simulation result  
    

 

 

 

 
                            Fig.5. cash flow summary for the chosen system  

 

 
                  Fig.6. cash flow and payback for the chosen system  

 

 



 
                       Fig.7. monthly power production for the chosen system 

 
                       Fig.8. frequency of change in PV power 

 

 

 
                              Fig.9. frequency of change in wind speed 
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