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 INTRODUCTION 

Clean energy has many benefits, such as having no emissions and being renewable, so they 

are a good alternative to conventional sources. On the other hand, there is an alternative way 

to use it, such as places where electricity is not always available or is affected by factors that 

are beyond control, like places with leakage of electricity, wars and natural disasters. Because 

of these problems, the need to provide electricity permanently is crucial in many critical 

facilities and devises, like hospital equipment, servers, banks, navigation equipment for aircraft 

control …etc. In addition, devices that are affected by power leakage, which pose a significant 

threat to human life and interests. 

To solve this issue, a hybrid power system is needed. This system combines multiple clean 

energy sources with conventional sources to produce electricity. Such clean energy sources can 

be solar power, wind power, water, ...etc. These systems also use battery storage to ensure 

consistent energy availability to be supplied whenever needed, especially during uncontrolled 

factors such as natural disasters or grid system failure. The flexibility that this system offers 

makes it a suitable solution to safeguard important infrastructure and viable applications. In 

addition to that, using a hybrid power system helps reduce the dependence on fossil fuels and 

eventually reduce its environmental impact, by using and prioritizing clean non-harmful energy 

sources. Thus, this would help enhance energy security in regions and reach sustainability 

objectives. 

therefore, in this research, it is decided to make a hybrid power supply, which can avoid the 

threats of unreliable grid infrastructure and electrical interruptions and provide critical and 

viable devices with electricity whenever it is needed.  

Objectives of the study 

• Design and enhance a hybrid power system, using the necessary calculations to 

produce sufficient energy and ensure compatibility 

• Enhance reliability: to make sure the system provides continuous energy production 

or supply to necessary devices even during grid interruptions or bad weather 

• Integration of clean energy: by using clean energy sources like solar panels and wind 

turbines 
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• Evaluation of performance of the system: by accessing the system efficiency and 

costs also. 

Research Focus Questions 

In order to achieve these objectives, the following points will be investigated: 

• To determine the most effective setup of the system of renewable energy and 

conventional energy sources, with energy storage mechanisms like battery banks. 

• To determine the configuration of the control system to easily transition between the 

different energy sources to supply the needed electricity efficiently 

• How to guarantee the adaptability of the system to different conditions and facilitate 

the expansions for the future? 

• What are the costs of implementing such a system in an area and what are the 

ecological and financial advantages? 
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 LITERATURE REVIEW 

2.1 The hybrid power systems 

2.1.1 A wind-diesel hybrid power system 

 Wind-diesel (WND-DSL) hybrid power systems consist of wind turbines and diesel 

generators, which are used for different applications depending on the overall load 

requirements. Wind-diesel (WND-DSL) hybrid power systems with and without battery 

are presented in the following Figure 2-1. using a battery system enhances the performance 

and flexibility of the system especially during power outages [1][2]. 

Figure 2-1 Wind-diesel hybrid power systems (a) with and (b) without battery 

backup [1] 

2.1.2 Photovoltaic (PV)-diesel (PV-DSL) hybrid power systems with and 

without battery 

 A Photovoltaic-Diesel (PV-DSL) hybrid power system (HPS) consists of PV panels to 

convert sunlight into direct currect (DC), diesel generator/s, inverters to convert the DC output 

into alternating currect (AC), battery bank to store excess solar energy, AC and DC buses to 

distribute the power throughout the system, and smart control system to manage and ensure 
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that the amount of hybrid energy matches the demand [1]. The following Figure 2-2 gives a 

simple representation of a typical PV-DSL hybrid power system. 

Figure 2-2 Solar PV-diesel with battery backup (PV-DSL-BAT) HPS  [1] 

2.1.3 Wind-photovoltaic (WND-PV) hybrid power systems with and without 

battery 

Askari and Ameri (2012) conducted a comprehensive feasibility analysis of different HPS 

to supply electricity to a community with 50 households in Kerman, Iran in order to find the 

technically and economically best system based on the lowest Cost of Electricity (COE). the 

studied systems were: Photovoltaic (PV) with battery (PV-BAT), Wind turbine with battery 

(WND-BAT), and Wind-PV hybrid with battery (WND-PV-BAT). 

Based on optimized results, PV-BAT was recommended for the rural community under 

consideration. The study identified an optimal HPS with a required 72 kW of PV capacity, 10 

kW of wind turbine capacity, and a battery bank of 11 kWh. The analysis also showed the 

potential benefits of installing a hybrid WND-PV generation system at the site. 

2.1.4 Wind-photovoltaic-diesel (WND-PV-DSL) hybrid power systems with 

and without battery 

The simulation results showed that WND-PV-BAT HPS was the most suitable power 

system with for the location under consideration.  The optimal system resulted in 81.7% 

reduction in overall cost compared to diesel only system and 100% reduction in GHG while 

satisfying 100% energy needs with 63.9% access energy. 
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2.1.5 Grid (GRD) connected hybrid power systems 

A WND-PV-GRD grid connected HPS with 1000 kW of wind and 50 kWp of PV was 

proposed for grid-connected applications. A study suggested some guidelines on how to 

monitor the performance of such a system in the local environment of Spain. Caballero et al. 

(2013) presented an optimal HPS (WND-PV- GRD) small grid-connected system for a 

community with 15 households in Hanga Roa City in Easter Island and can result in reduction 

of 17,533 tons of GHG annually. 

Figure 2-3 shows a microgrid connected HPS. 

A microgrid is an independent energy system that serves a specific local area, can use 

multiple sources of renewable energy, and is controlled by a software-based system. 

Microgrids are usually connected to traditional electric grids, but they can operate 

independently during an earthquake or other natural disasters. 

Figure 2-3 Schematic diagram of an optimized microgrid system [1] 
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Figure 2-4 shows the off-grid connection of sample HPS. 

Figure 2-4 A simple block diagram of an off-grid PV-DSL-BAT HPS [1] 

2.2 Control of the system 

In order to use this system and get the best efficiency and full control, a control system is 

needed in order to manage the different sources to facilitate efficient coordination, and to 

arrange the operation of start-stop of the generator by employing intelligent algorithms and 

programs, minimizing fuel consumption and improving system stability. The control system is 

also used to manage the charging/discharging of the battery bank to ensure efficient energy 

storage and to maximize the battery lifespan [3]. 

Figure 2-5 shows the connection of the system with the control unit to perform the desired 

configuration. 
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Figure 2-5 Control of hybrid system [3] 

➢ Control strategies  

The central component of the off-grid power management system is the Programmable 

Logic Controller (PLC) unit. The PLC unit acquires data from the connected sockets and PLC 

switches. The programming depends on using this input data and referring to stored memory 

to define control strategies. When grid power interruption happens, the PLC initiates a 

decision-making process to supply the load with needed power taking into consideration the 

status of batteries pack and the charging condition: 

1) If the charge status of the battery is medium or high, the PLC sends a signal to the relay 

switch to provide the inverter with power to the load.  

2) If the charge status of the battery is low or very low, then the PLC sends a signal to the 

generator change over (generator automatic start switches) so the generator will supply the 

load.  

3) If grid power come back, the PLC unit turns off the generator and opens the relay switch 

of the battery, so the system will stop and the load is supplied from the grid. 

 



 

12 

 

 

Figure 2-6 Detailed block diagram 

 

The block diagram shown in Figure 2-6 details the components in order to understand the 

connection. This system implements a hierarchical control strategy for managing the power 

supply in the absence of grid connectivity. The Programmable Logic Controller (PLC) (6) 

serves as the central control unit, receiving information from the different components:   

• First, the control system depends on the grid power (1) so the Power electronics (7) 

convert the 220 VAC to 24 VDC which provides the PLC (6) the operational status 

of grid.  

• Second, if a grid (1) interruption happens, the Power electronics give a negative 

signal to the PLC (6), so the PLC unit decides which battery pack could supply the 

load. When it comes to the battery, the battery indicator (5) provides the PLC the 

current state of the battery pack (4). If the battery pack has sufficient capacity, the 

relay switch (8) closes, and the load is supplied after converting the battery power 

from 48 VDC to 220 VAC by the inverter (9).  

• Finally, if the battery pack is in low status of charge, the PLC sends a positive signal 

to the generator changeover (2) so it automatically starts to supply the load. If the 

grid power is restored, the PLC cancels all the previous strategies, allowing the load 

to supply directly from the grid. 
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2.3 Flow chart diagram 

Figure 2-7 below shows the flow chart that describes the control of system to simplify the 

processes. 

 

Figure 2-7 Flow chart diagram 
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 RESEARCH METHODOLOGY 

   This chapter outlines the comprehensive methodology used in this research to design a hybrid 

power supply system for electricity generation. The approach has various stages, each 

explained in detail. 

3.1 System Design Calculations 

The following system parameters were calculated: 

• Battery Capacity: to provide the system with sufficient energy storage capability in 

order to fulfill the power requirements during periods of limited or absent renewable 

energy generation.  

• Evaluation of Photovoltaic (PV) System Energy Production: The daily energy 

production of the PV system was calculated, in order to determine the required size 

of the solar panel array necessary to fulfill the targeted energy demands. 

These calculations consider various factors, such as the average daily sunlight duration at 

the designated location, anticipated load demands, and the desired autonomy of the system (i.e., 

the number of days the battery can sustain the load in the absence of solar or wind power). 

3.2 System Design using CAD Software 

   Following the calculations, the SolidWorks CAD software was used to create a detailed 

design of the hybrid power system and its different components, using 3D modeling with 

dimensional specifications detailed in millimeters (mm). The used software provides several 

advantages to the project including clear visual representation of the complete system, with 

accurate dimensions, and documentation of the CAD models for reference. 

3.3 Component Selection 

   According to the calculated parameters and the 3D system design, commercially available 

examples of the different components of the hybrid power system were selected, including: 
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• The solar panels with the specific dimensions and power production capacity 

• The batteries with sufficient storage  

• The generator considering fuel efficiency  

• Control system: like controllers and transfer switches 

• Wind turbine (optional) 

   The different components were selected considering specifications, compatibility, and cost. 

a prototype was also proposed using the selected elements. 

3.4 Prototype Development 

   A prototype combining the suggested system components was proposed. calculations were 

made in order to reflect a full-scale system which were: the prototype total energy consumption, 

the expected power production of the chosen solar panels for the prototype, and the power 

required to charge the battery using the PV system. 

3.5 Control Network Design 

   The system used a Programmable Logic Controller (PLC) to manage and operate different 

functions based on pre-defined programs. These programs include switching between power 

sources (solar, generator, battery), battery charge and discharge, and monitoring system 

input/output parameters. Therefore, a control network design was made as a PLC ladder 

diagram to ensure the efficient operation of the proposed prototype of the hybrid power system. 

3.6 CAD Drawings and Belt Design 

   Using SolidWorks CAD software, a 3D model was designed for the suggested prototype and 

the belt drive system, using the calculated parameters, in order to make sure that the prototype 

is actually mechanically feasible and functional if implemented as a full-scale system.  

3.7 Cost Analysis 

   A cost analysis of the prototype was also performed, which considered the essential system 

components and they are:  
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• The solar panels  

• The batteries  

• The generator,  

• The control system components like the controller and the transfer switch,  

• The wind turbine (if included),  

• The wires, and labor costs of the installation.  

   This was done in order to evaluate the cost-effectiveness of the system and its sustainability. 

the investment return of the project was also calculated. 

   This methodology chapter details a comprehensive approach utilized in this research project. 

Each stage contributes to the development of a robust, cost-effective, and sustainable hybrid 

power system capable of meeting energy needs in various applications.
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 RESULTS AND DISCUSSION 

4.1 SYSTEM DESIGN  

4.1.1 Calculation 

In order to design the hybrid system, the size of the required battery capacity to supply the 

2-kW load for a maximum of 5 hours is calculated, by using the formula Watt-hours (Wh) = 

Power (W) x Time (hours) as follows: 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑊ℎ)  =  2 𝑘𝑊 ×  5 ℎ𝑜𝑢𝑟𝑠 =  𝟏𝟎 𝒌𝑾𝒉 

Therefore, the battery capacity would be at least 10 kW therefore to supply the devices with 

the power needed. 

A. Battery calculation 

Hybrid systems often utilize series-connected 12-volt or 48-volt batteries. the 48-volt type 

was preferred due to several advantages: 

• Reduced Losses: Higher voltage systems experience lower transmission losses compared 

to lower voltage systems. This is because the current required to transmit the same amount 

of power is lower at higher voltages, which translates to less energy lost as heat in the 

cables. 

• Reduced Cable Diameter: Using a higher voltage allows for cables with a smaller cross-

sectional area to transmit the same power. This translates to cost savings on copper 

materials and potentially easier installation due to the smaller cable size. 

➢ Assuming battery capacity 10 kWh to get the optimum design: 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑃𝑜𝑤𝑒𝑟 𝑐𝑎𝑝𝑐𝑎𝑖𝑡𝑦 = 𝟏𝟎 𝒌𝑾𝒉 

➢ The ampere supplied by the battery pack should be as follows: 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑎𝑚𝑝𝑒𝑟𝑒 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 =
𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑝𝑜𝑤𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑝𝑎𝑐𝑘 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 
 

(1) 

                                                           =
10 𝑘𝑊ℎ

48 𝑉𝑜𝑙𝑡𝑠 
= 𝟐𝟎𝟖. 𝟑𝟑 𝒂𝒉 
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➢ To obtain the ampere needed by the battery, the following formula is used 

(average charging hours = 5 hours)   

𝐴𝑚𝑝𝑒𝑟𝑒 =
𝑇ℎ𝑒 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑎𝑚𝑝𝑒𝑟𝑒 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 
 

               (2) 

              =
208.33𝑎ℎ

5 ℎ𝑜𝑢𝑟𝑠 
= 𝟒𝟏. 𝟔𝟔𝟔 A 

Therefore, the battery that was selected according to the results obtained (the calculated 

voltage and ampere) was the “vanguard” lithium-ion battery (Annex 1). 

The battery pack specification is shown below in Table 6-1 

Table 4-1 Commercial vangurd Battery pack sepcifications [4] 

Configuration Lithium-Ion, 14S 

Nominal Voltage (V) 51.6 V 

Top Voltage (V) per IEC 61960 58.8 V 

Top Voltage (V) for EV-Applications 58.1 V 

Cutoff Voltage 35 

Capacity at Max Discharge (Ah) for EV-

Applications 
195Ah / 9.5kWh 

Nominal Capacity per IEC 61960 197.4Ah / 10.17kWh 

Communication Protocols 
CAN J1939 (29-bit) Plus flexible 

secondary CAN interface 

Discharge Temperature Range -20˚C to 60˚C 

Storage Temperature Range (1 Month / 1 Year) -20˚C - 60˚C / -20˚C - +25˚C 

Marketed Durability Hours/Cycles 
Up to 2000 to 80% of initial 

capacity 

Rated Charging Current (A) 50A 

Rate Discharging Current (A) 100A 

Parallel Capable Yes, up to 10 batteries 

Standard Charge Time < 12 Hours 

Vanguard Charger Input Power <12A, 120V, 60Hz / 220V, 50Hz 

Vanguard Charger Output Power (W) 1050W, 20A 
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B. Solar panel calculation 

The battery capacity required equals 10 KWH, so in order to get the battery charged once 

per day, the energy supplied by PV’s must equal 2 KWH minimum. So, calculations are done 

to get the number of solar cells and panels in order to design the electrical system to provide 

the power needed: 

• To calculate the power required to charge the battery system, the voltage and charge 

current of battery are needed to do the calculations.  

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 =  𝟓𝟏. 𝟔 𝑽 

• The battery average voltage from the data sheet above is approximate to 52 volts. 

 

• The charging current of the battery is up to 50 A maximum. But to get the amperes 

needed by the battery, the following formula is used (average charging hours = 5 

hours): 

𝐴𝑚𝑝𝑒𝑟𝑒 =
𝑇ℎ𝑒 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑎𝑚𝑝𝑒𝑟𝑒 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 
 

 

(3) 

=
208.33𝑎ℎ

5 ℎ𝑜𝑢𝑟𝑠 
= 𝟒𝟏. 𝟔𝟔𝟔 𝑨  

• By multiplying the nominal voltage by the charging current needed to supply the 

battery: 

 𝑃 = 𝑉𝑛  ×  𝐼𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 

=  48 ×  41.66      

=  𝟏𝟗𝟗𝟗. 𝟔𝟖 𝑾 

 

         (4) 

 

• Charging the battery with a power input of 1999.68 watts (W) for a minimum duration 

of 5 hours is sufficient to achieve full charge: 

 

1999.68 𝑤𝑎𝑡𝑡 ×  5 ℎ𝑜𝑢𝑟𝑠 = 𝟗𝟗𝟗𝟖. 𝟒 𝑾 / 𝒅𝒂𝒚  
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Therefore, the minimum wattage to supply by the solar panels should be 9998.4 

watts per day (5 hours or more to get charged). The 5 hours is the average charge time 

in a year when the solar panels are in the best situation. 

 

Cell selection 

• To design the solar panel, the number of cells required is calculated using the following 

formula (one cell power production according to the data-sheet in Annex 2 = 4.8 W):  

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 =  
𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 

𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙 
 

            

                       (5) 

      =
1999.68 𝑤𝑎𝑡𝑡

4.8 𝑤𝑎𝑡𝑡
= 𝟒𝟏𝟔. 𝟔 𝒔𝒐𝒍𝒂𝒓 𝒄𝒆𝒍𝒍𝒔 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 

• For the best design, cells be must distributed in the panels equally and in uniform rows 

and columns. All panels must be identical. Therefore, there would be 11 rows and 10 

columns of cells for each solar panel and 4 solar panels to obtain the minimum 417 

solar cells. 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 𝑝𝑎𝑛𝑒𝑙 = 10 ×  11 = 𝟏𝟏𝟎 𝒄𝒆𝒍𝒍𝒔 𝒑𝒆𝒓 𝒔𝒐𝒍𝒂𝒓 𝒑𝒂𝒏𝒆𝒍 

 

=> 110 𝑐𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙 ×  4 𝑝𝑎𝑛𝑒𝑙𝑠 = 𝟒𝟒𝟎 𝒔𝒐𝒍𝒂𝒓 𝒄𝒆𝒍𝒍𝒔 

 

• Considering the 440 solar cells, which is the best design, the power supplied by the 

cells is calculated: 

𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 ×  𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑐𝑒𝑙𝑙 
(6) 

= 440 ×  4.8 = 𝟐𝟏𝟏𝟐 𝑾  

• Dividing the power output of cells by the number of panels: 

2112

4
= 𝟓𝟐𝟖  𝑾 𝒑𝒆𝒓 𝒑𝒂𝒏𝒆𝒍 

Thus, under optimal conditions, the maximum power output of the solar system is 2112 

watts per hour (Wh). This generated energy is then used to charge the battery pack. 
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4.1.2 Drawings 

The design of the hybrid power supply system assembly and its individual components was 

accomplished using SolidWorks CAD software. All dimensional specifications are provided in 

millimeters (mm) for clarity and consistency. 

A. Overview 

An overview of the hybrid power system installed on the roof top of a building is 

presented in the following figure (Figure 4-1).  

 

Figure 4-1 Overview of hybrid power supply system (SolidWorks CAD) 

B. Battery pack 

 Figure 4-2 below illustrates A detailed drawing of the battery pack, including all 

dimensions. Figure 4-3 gives an overview of the battery pack with its protective case. 
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Figure 4-2 Drawing of the battery pack (mm) (SolidWorks CAD) 

Figure 4-3 Battery pack overview with protection housing (SolidWorks CAD) 
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C. Generator  

Figure 4-4 below shows a detailed drawing of the generator including all dimensions (mm), 

and figure 4-5 shows an overview of the generator with the protection case. 

Figure 4-4 Drawing of the generator with dimensions (mm) (SolidWorks CAD) 

Figure 4-5 Overview of generator with protection housing (SolidWorks CAD) 
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D. Solar panels  

Figure 4-6 and 4-7 below illustrate the solar cell drawing and overview: 

Figure 4-6 Drawing of a solar cell with dimensions (mm) (SolidWorks CAD) 

 

Figure 4-7 Overview of solar cell (SolidWorks CAD) 
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Figure 4-8 below gives an overview of solar panels on top of the building. 

Figure 4-8 Overview of the four solar panel on top of the building (SolidWorks CAD) 

Figure 4-9 below shows the detailed drawing of solar panels with dimensions in millimeter. 

Figure 4-9 Solar panel drawing with dimensions (mm) (SolidWorks CAD) 
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Solar panels with textured surfaces are the typical type to be used in many applications. The 

surface is actually made from a 3.2 mm thick crystalline silicon which helps attract and trap 

light easily, even from non-direct angles of sunlight. That is by scattering the light and directing 

them to the solar cells, which ultimately leads to improved energy conversion efficiency [5]. 

E. Transfer switch   

Figure 4-10 below shows the change-over which manages the generator's operation and 

might be integrated within the generator itself. 

Figure 4-10 Transfer switch (change over) drawing with dimensions (mm) 

(SolidWorks CAD) 
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F. Programmable logic controller 

Figure 4-11 shows the drawing of the Programmable logic controller unit with all 

dimensions in millimeter: 

Figure 4-11 Drawing of Programmable logic controller with dimensions (mm) 

(SolidWorks CAD) 

 

G. Power electronics 

Figure 4-12 shows the drawing of Power electronics:  
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Figure 4-12 Drawing of Power electronics (SolidWorks CAD) 

Figure 4-13 shows an overview of the Power electronics. 

Figure 4-13 Overview of the Power electronics (SolidWorks CAD) 
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H. PLC system and control components housing drawing 

Figure 4-14 shows a detailed drawing of the PLC and control components inside the 

protection housing in order to get the connection and cable management and to obtain easy 

maintenance. 

Figure 4-14 PLC system and control components housing drawing (SolidWorks CAD) 

I. Electric power grid 

Figure 4-15 shows the drawing of electrical power grid  
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Figure 4-15 Electrical power grid drawing (SolidWorks CAD) 

4.1.3 Control of system  

The system employs a PLC as its central control unit, responsible for several key 

functionalities (environmental monitoring, battery management and operation, automatic 

system startup). 

A. PLC system 

The PLC receives information from connected sensors or input devices, processes the data, 

and triggers outputs based on pre-programmed parameters. 

Figure 4-16 shows the PLC system, specifically illustrating the input data flow to the logic 

board. This data includes various parameters, and the system determines the corresponding 

outputs based on pre-programmed logic.  
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Figure 4-16 PLC system components [2] 

B. System inputs 

To use the PLC controller, sensors are needed which can be placed strategically to achieve 

the optimum operation of the system. Every sensor's purpose is to detect changes in the 

environment and send the information to the PLC for process, in order to make informed 

decisions and control the other system components accordingly. 

C. Project sensors, components and switches 

   For successful implementation of a PLC-controlled system, Sensors, components, and 

switches must be chosen to install with the PLC system to achieve the control desired. There 

are the components for the system:  

• Battery level indicator: To indicate the charge density of batteries, the situation of 

batteries, and the amount of power stored. Also, it gives the control unit the situation 

of batteries to decide the condition of the system. 

• PLC unit: Used to control all components, take data from devices, and decide the 

system outputs. 
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➢ Selection of PLC 

The chosen PLC for system operation is the Siemens CPU 1214C - 6ES7214-1AG40-

0XB0, which is shown in Figure 4-17 below. 

 

Figure 4-17 Siemens CPU 1214C PLC unit [5] 

Specifications [5] 

▪ SIMATIC S7-1200 

▪ CPU 1214C 

▪ Compact CPU 

▪ DC/DC/DC 

▪ PROFINET port 

▪ Onboard I/O: 14 digital inputs 24 V DC; 10 digital outputs 24 V DC; 0.5 A; 

2 analogue inputs 0-10 V 

▪ Power supply: 20.4-28.8 V DC 

▪ Program/data memory 100 kB 

 

1) Relays  

Relays (Figure 4-18) manage the connection between batteries and the load (devices 

requiring power). The PLC implements pre-programmed control strategies to 

activate/deactivate the relays, thereby connecting or disconnecting the batteries from the load 

as necessary.  
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Figure 4-18 Relay switch 

  

2) Power supply Power electronics (220v to 24 volts convertor) 

The system necessitates power electronics in the form of a voltage converter to ensure 

compatibility with the PLC unit. This converter main tasks are: 

▪ High voltage conversion: High voltage lines deliver power at a significantly 

higher voltage than the 12/24 volts DC supported by the chosen PLC unit. 

▪ Enabling PLC operation: The voltage converter transforms the high voltage 

from the lines to a low voltage level compatible with the PLC's operational range. 

➢ Selection of Voltage converter 

The chosen Voltage converter is the Condor power supply 24 Volt ,2.7A [6]. 

 

Figure 4-19 Power electronics 24 Volt Power Supply 2.7A, Switching [6] 
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3) Inverter 

The inverter is used to convert the battery peak voltage from 48 Volt to 220 Volt so the load 

could work properly. Most loads work by 220 Volt 50 Hz power supply. 

The selected inverter is the BST-INV-BG-3KW from Entelechy company solar inverter 

wall-mounted with rated power 3 KW and peak power up to 9 KW, built in with intelligent 

control chipset and a continuous and stable sine wave output [7]. Figure 4-20 below shows the 

shape of inverter. 

Figure 4-20  Wall-mounted Inverter (3KW) [7] 

 

Specifications [7] 

▪ Model: BST-INV-BG-3KW 

▪ Rated power: 3 KW  

▪ Peak Power(220ms): 9 KW  

▪ Standard battery voltage: 24/48 VDC 

▪ Operating temperature: -10- 40 C 

▪ Net weight: 22.6 KG 

 

➢ Dimensions 

H: 510 mm, W: 320 mm, T: 140 mm 
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4.2 PROTOTYPE IMPLEMANTION AND CALCULATION 

In order to show the working principle of the project, a small prototype project is done. The 

small project works the same way as the main project principal work. the main idea of the 

project is to supply a load when power interruption happens. The hybrid power system (HPS) 

simple components and structure will be explained also. 

4.2.1 Prototype components 

A. SITOP PUS 100S 

Figure 4-21 SITOP PUS 100S [8] 

• Technical data SITOP PUS 100S [8] 

The SITOP PSU100S, a powerful, regulated standard power supply for automated 

equipment and systems, is part of the SITOP smart product line (see Annex 3 for 

more info of the different products). These low-profile power supply units provide 

exceptional overload behavior in addition to high efficiency [8].  

• The benefits of SITOP PSU100S include [8]: 

o Wide-range input, which allows them to be connected to almost any 1-phase line 

supply around the world 

o Output voltage can be adjusted in the range 22.2 (24) ...28 V or 11.5…15.5 V 

o Brief overload capability of 150% for 5 s/min (extra power) 

o Continuous overload capability of 120% up to an ambient temperature of +45°C 

o Integrated signaling contact for "24 V OK" or "12 V OK" 
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o Ambient temperature -25 (0) ...+70 °C 

o To increase the system availability, these reliable power supplies can be 

expanded using SITOP supplementary modules (redundancy module, selectivity 

module, buffer module), as well as SITOP DC-UPS modules. 

 

B. PLC siemens s7-1200 

Figure 4-22 PLC siemens s7-1200 [9] 

Attached technical specification in Annex 4 [10].  

➢ Wiring diagram [11]:  

Figure 4-23 Wiring diagram PLC siemens s7-1200 

 

https://support.industry.siemens.com/dokumentation/image.aspx?docVersionId=62121591435&imageName=47319146891.PNG&Language=en-US
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 Table 4-2 Connector pin locations for CPU 1212C DC/DC/DC (6ES7 212-1AE40-0XB0) [11] 

① 

 

- 24 VDC Sensor Power Out 

- For additional noise immunity, connect "M" to chassis ground 

even if not using sensor supply 

② 

 

- 24 VDC Sensor Power Out 

- For additional noise immunity, connect "M" to chassis ground 

even if not using sensor supply. 

- For sinking inputs, connect "-" to "M" (shown). 

- For sourcing inputs, connect "+" to "M". 

Note: X11 connectors must be gold. See Annex 4, Spare Parts for 

order number 

 

 

C. 700-HA General-purpose Relay 

Figure 4-24  General-purpose Relay [12] 

 



 

38 

 

Figure 4-25 General-purpose Relay specification [12] 

An electromechanical relay is an electrical device used to distribute power on the 

basis of an order issued by the control unit. A relay opens and closes an electrical power 

circuit on the basis of logical information. American scientist Joseph Henry is credited 

with creating it. Relays have developed significantly since their creation, and they are 

used in many applications. Historically, they have been used to transmit signals like 

Morse code [13]. 
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D. Battary  

Figure 4-26 Expert power 12-volt battery [14] 

  Table 4-3 Expert power 12-volt battery specification [14] 

Manufactor ExpertPower 

Brand Expert Power 

Model EXP1290 

Item weight 5.19 POUNDS 

Product diminsions 5.99 ∙ 2.53 ∙ 3.69 inches 

Item model number EXP1290 

Amperage 9 Amps 

Voltage 12 Volts 

 

The sealed lead acid batteries have a non-spillable construction and require no maintenance. 

They work in any direction and are perfect for both cycle and standby use. They have a life 

expectancy of three to five years when utilized in standby and are used for a number of purposes 

such as [15]: 

• Emergency lighting 

• Security alarms  

• Fire alarms Home & Garden  

• Consumer electronics  

• Medical equipment 
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E. Arduino UNO R3  

Figure 4-27 Arduino UNO R3 [16] 

Figure 4-28 Arduino UNO PINOUT [16] 

Figure 4-28 shows the pinout of Arduino UNO which is used to state the voltage sensor and 

gives signal to PLC (Arduino Uno Technical Specifications table in Annex 5 [16]). 

 

➢ Arduino Board [16] 

Through Arduino programming, we use the 14-digital input/output pins, by using the 

pinMode, digitalRead and digitalWrite functions. These pins work at 5V, which 

can produce up to 40mA and receive it also. they have internal pull-up resistor of 20-50 

KOhms that can automatically disconnect. Some of the pins used have the following functions: 

[16]: 
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 Table 4-4: The function of the Arduino Board digital input/output pins [16] 

6 other analog input pins are also used in this project. They produce 1024 different values 

by giving 10 bits of resolution. Their measuring range is from 0 - 5V, that can be augmented 

through the use of the AREF pin with analogReference function [16].  An example of the 

analog pin is presented in Table 4-5, along with 2 other Arduino Uno pins. 

Table 4-5: The function of an analog pin with other Arduino Uno pins [16] 

Pin  Function  

Analog pin 4 (SDA) and pin 5 

(SCA) 

TWI communication (Wire Library) 

Arduino Uno AREF  Using the function analogReference 

Provides reference voltage for the obtained analog 

inputs 

Arduino Uno Reset Pin  If Low ➔ Microcontroller Reset  

 

 

Digital pin  Function  

Serial Pins 0 (Rx) and 1 (Tx) Reception and transmission of TTL data 

Connection to the compatible ATmega328P USB to 

TTL serial chip 

External Interrupt Pins 2 and 3 Signal disruption in case of: 

Low value 

Changing value 

Rising of falling value 

PWM Pins 3, 5, 6, 9, 11 Production of 8-bit PWM 

Using the function analogWrite  

SPI Pins 10 (SS), 11 (MOSI), 

12 (MISO), 13 (SCK) 

SPI communication 

Pin 13 (In-built LED) Starting/stopping the built-in LED 

If PIN 13 High ➔ LED On 

If Pin 13 Low ➔ LED Off 
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F. Electrical motor 

Figure 4-29 1400 RPM speed electrical motor 

The motor needed has a speed equal to 1400 revolutions per minute in order to reach the 

cat-off of the alternator to produce an electric current and a voltage of approximately 12 volts, 

which represents the actual generator (Technical data for motor attached in Annex 7 [17]). 

G. Alternator  

Figure 4-30 Bosch® -Alternator [18]  

➢ Specifications of the alternator attached in Annex 8  [18] 
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Figure 4-31 Alternator current Vs speed [19] 

Figure 4-31 shows the slope of the current output of the alternator and the speed which 

alternator is driven. In this project the alternator rotates at 1452 RPM with approximately 50 

Amp power. 

 

H. Solar panel 

   Figure 4-32 shows the chosen solar panel for the project, with a 2.5 Amp and 6 Volts 

production power. Table 4-6 gives a detailed list of specification of this solar panel. 

Figure 4-32: 6-volt 2.5-amp solar panel 
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Table 4-6: 6-volt 2.5-Amp solar panel specifications 

Solar size 350 ∙ 350 ∙ 17 mm 

Connecting wearing 4.3 m 

Peak power pM 15 W 

Maximum power voltage (VMP) 6V 

Maximum power current (IMP) 2.5 A 

Open circuit voltage (VOC) 6.48 V 

Short circuit current (ISC) 2.8 A 

Working temperature -45 to +85 c 

Tolerance Q1 ± 5% 

4.2.2 Prototype calculation 

The project load requires 5 volts and 3 amperes. To determine the energy consumption, we 

need to consider both voltage and current: 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟: 5 𝑣𝑜𝑙𝑡𝑠 𝑥 3 𝑎𝑚𝑝𝑒𝑟𝑒𝑠 =  𝟏𝟓 𝑾𝒉 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 2 ℎ𝑜𝑢𝑟𝑠: 15 𝑊ℎ/ℎ𝑜𝑢𝑟 𝑥 2 ℎ𝑜𝑢𝑟𝑠 =  𝟑𝟎 𝑾𝒉 

Therefore, the load consumes 30 Wh over two hours, averaging a power consumption of 15 

watts (W) (30 Wh / 2 hours). 

The size of such batteries supplies the 30-watt load for 2 hours at maximum, therefore it'll 

supply the devices with the power needed. 

➢ battery capacity 108 Wh to get the optimum design: 

𝑩𝒂𝒕𝒕𝒆𝒓𝒚 𝑷𝒐𝒘𝒆𝒓 𝒄𝒂𝒑𝒄𝒂𝒊𝒕𝒚 = 𝟏𝟎𝟖 𝑾𝒉 

𝑩𝒂𝒕𝒕𝒆𝒓𝒚 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒑𝒆𝒓 𝒉𝒐𝒖𝒓 = 𝟗 𝒂𝒉 

In order to get a battery with a capacity of 108 Wh charged once per day, the energy supplied 

by PV’s must equal to 22-Watt hour minimum. 

1) To calculate the power required to charge the battery system, the voltage and charge 

current of battery are needed for the calculations. 

 

 



 

45 

 

2) The battery average voltage from the data sheet above is approximate to 12 volts. 

𝐕𝐨𝐥𝐭𝐚𝐠𝐞 𝐨𝐟 𝐛𝐚𝐭𝐭𝐞𝐫𝐲 = 𝟏𝟐 𝑽  

3) The discharging current of the battery is 9 amperes maximum. 

4) By multiplying the nominal voltage (𝑉𝑛) by the charging current (𝐼𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔) needed to 

supply the battery, the power required to charge the battery is calculated (𝑃): 

 

     𝑃 = 𝑉𝑛  ∙  𝐼𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔    

=  12 ∙  4.5 

= 𝟓𝟒 𝑾 

 

(4) 

   The battery requires at least 2 hours to fully charge when receiving 54 watts of power. 

54 𝑤𝑎𝑡𝑡 ∙  2 ℎ𝑜𝑢𝑟𝑠 = 108 𝑤𝑎𝑡𝑡 𝑝𝑒𝑟 𝑑𝑎𝑦  

 

Therefore, the minimum wattage to supply by the solar panels should be at least 108 watt 

per day. The 2 hours which is the average charging time in optimum conditions (e.g. average 

daily sunlight hours). 

Two solar panels produce 12 volt and 5 ampere per hour. Thus, the produced power is 

calculated as follows: 

𝑃 = 𝑉𝑠  ∙  𝐼𝑠 

        =  12 ∙  5 

  = 𝟔𝟎 𝑾    

 

(4) 

So, two solar panels fully charge a battery with a capacity of 108 Wh in two hours, in 

addition to producing power of up to 60 W. 
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4.2.3 Prototype control 

Figure 4-33 illustrates the different networks needed (ladder diagram). 

• Network 1 

   Network one shows the normally open switch which start the machine (I0.5) and the 

normally open switch which stop the machine (I0.6), memory (M0.0) which gives the 

other networks the start operation and stop all system. 

• Network 2 

   Network two which sets the memory (M0.0) for starting and stopping the system. The 

grid relay closes which gives the grid power to the load with latch output (Q0.3) which 

keeps the operation ongoing, until stop grid (I0.1) button is pressed which means the 

grid power interrupts the output (Q0.3) grid and the supply.  

• Network 3 

   Network three shows the (M0.0) for starting the system. With (I0.3) switch which 

gives the battery state of charge, the switch output (Q0.3) grid relay which normally 

close that monitor battery connection. The output of the network shows the state of 

battery relay switch. 

• Network 4 

   Network four which states the operation of controlling the battery discharge state with 

normally open (I0.4) bat discharge. Also, the switch (Q0.3) controls the grid relay to 

disconnect it. Finally, the generator switch (Q0.0) output controls the generator relay. 
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Figure 4-33 PLC ladder diagram 

 

 

 

Network 1 

Network 2 

Network 3 

Network 4 
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o Prototype Drawing using SolidWorks CAD (see Annex 9 for side views):  

Figure 4-34 Top view of the system (SolidWorks CAD) 

 

4.2.4 Prototype working principle 

This project aims to obtain a continuous electric current, this project targets important 

devices in our daily lives. Therefore, we embodied the project in a prototype that represents 

the system. This process takes place through several sequential stages according to the state of 

the current flow in the circuit. The circuit remains the same when an electric current pass 

through the circuit starting from the grid electricity to the load. In the case of a power outage 

coming from the grid, the PLC gives a signal to grid relays to open and gives another signal to 

the battery relay to close the battery circuit. This process starts with the battery that is charged 

through the solar panel, ending with the target load. If the battery voltage is reduced because 

of using it for a period of time, the voltage will decrease after the PLC gives a signal to the 

battery relay to open and close the generator relay. This is in order to operate the circuit of the 

generator which starts with the generator consisting of an alternator with motor, and ends with 

the load. 

 

Solar panels 

Battery 

Generator 

Power electronics and 

PLC 

Electrical 

machine 
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4.2.5 Prototype belt design 

𝐿𝑃 = 𝟕𝟖𝟎 𝒎𝒎/𝟐𝟓. 𝟒 

                    = 30.7 𝑖𝑛𝑐ℎ (from table 17 − 10 𝑤ℎ𝑒𝑛 𝑙𝑝 = 30.4 𝑖𝑛 𝐷 = 100 = 3.94 𝑖𝑛) 

𝐻𝑃 =  𝟏 𝒉𝒑 

➢ V-belt type (A) from table 17-2 [20]  

𝑊𝑖𝑑𝑡ℎ = 𝟎. 𝟓𝟔 𝒊𝒏  

                   𝑛 =  𝟏𝟒𝟓𝟐 𝑹𝑷𝑴                        

➢ The tow belts the same diameter.   

𝑉 =
𝑛 ∙  𝜋 ∙ 𝐷

12
 

(7) 

𝑉 =
3.14 ∙  3.94 ∙  1452

12
= 𝟏𝟒𝟗𝟔. 𝟗𝟔 𝒇𝒕/𝒎 

   

➢ When the belt Type is (A) 

 𝐿𝑃 = 𝐿 + 𝐿𝑐 
          (8) 

𝐿𝑃 = 31 + 1.3 = 𝟑𝟐. 𝟑 𝒊𝒏 

𝐶 = 0.25 ∙  ((𝑙𝑝 −
𝜋

2
(𝐷 + 𝑑) + ((𝑙𝑝 −

𝜋

2
(𝐷 + 𝑑)2 − 2(𝐷 − 𝑑)2)

1
2

) (9) 

 

𝐶 = 0.25 ∙  ((32.3 −
𝜋

2
(3.94 + 3.94) + ((32.3 −

𝜋

2
(3.94 + 3.94)2 − 2(3.94 − 3.94)2)

1
2

)  

= 𝟗. 𝟗𝟔 𝒊𝒏 

 

𝐻𝑎 = 𝐾1 ∙ 𝐾2 ∙  𝐻𝑡𝑎𝑏 (10) 
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➢ K1 = 1   from table 17-13 V-belt [20] 

➢ K2 = 0.85 from table 17-14 A-belt [20] 

➢ Htab = 1.31 & V = 1500 ft/min, D = 4 in   belt type A. 

𝐻𝑎 = 1 ∗ 0.85 ∗ 1.31 = 𝟏. 𝟏𝟐 hp 

𝑛𝑑 =
𝐻𝑎

𝐻𝑛𝑜𝑚 ∙  𝐾𝑠
 

(11) 

          𝑛𝑑 =
1.12

1
= 𝟏. 𝟏𝟐  

𝐹𝑐 = 𝑘𝑐 (
𝑉

1000
)

2

 

(12) 

 

➢ From table 17-16 [20]: 

o Kc = 0.561  

o Kb = 220  

𝐹𝑐 = 0.561 ∙ (
1496.96

1000
)

2

= 𝟏. 𝟐𝟔 lbf 

 

➢ *𝐻𝑑 = 𝐻𝑎 

 

△ 𝐹 =
63025

𝐻𝑑
𝑛𝑏

𝑛 (
𝑑
2)

 

(13) 

△ 𝐹 =
63025

1.12
1

1452 (
3.94

2 )
= 𝟐𝟒. 𝟔𝟕𝟕 𝒍𝒃𝒇  

𝐹1 = 𝐹𝑐 +
△ 𝐹 ∙  𝑒𝑥𝑝 (𝑓𝛳)

exp(𝑓𝛳) − 1
 

(14) 
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    𝐹1 = 1.26 +
24.677 (4.99)

4.99−1
= 𝟑𝟐. 𝟏 𝒍𝒃𝒇 

➢ T1 = T2 (because the shaves diameter is same) 

 

𝑇1 = 𝑇2 = 𝐹1 +
𝐾𝑏

𝐷
 

(15) 

 

𝑇1 = 𝑇2 = 32.1 +
220

3.94
= 𝟖𝟕. 𝟗𝟒  𝒍𝒃𝒇. 𝒊𝒏  

 

𝑁𝑝 = [ (
𝐾

𝑇1
)

−𝑏

+ (
𝐾

𝑇2
)

−𝑏

]

−1

 
(16) 

 

➢ From table 17-17 [20] 

o K = 674 

o V = 11.089 ft/min. 

 

𝑁𝑝 = [(
674

87.94
)

−11.089

+ (
674

87.94
)

−11.089

]

−1

= 𝟑. 𝟐 ∙  𝟏𝟎𝟗 

 

𝑡 =
𝑁𝑝 ∙  𝐿𝑝

720 ∙  𝑉
 

(17) 

 

3.2 ∙  109  ∙  32.3

720 ∙  1496.96
= 𝟗𝟓𝟖𝟗𝟖 𝒉𝒓𝒔 
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4.3 COST ANALYSIS  

The main advantage of HPS system is the cost which can be affordable everywhere to 

implement the task of supplying the power at the cheapest price, compared to conventional 

power systems., because this system combines multiple types of power generation sources and 

is not fully dependent on one source. 

4.3.1 Cost of the HPS system elements 

A. Cost of panels by number 

The solar panels cost depends on how many panels needed to supply the required load and 

to reduce Quantum power need it. The table below (Table 4-7) demonstrates the relationship 

between the cost to number of panels.  

Table 4-7 Approximate price of good quality panels (tier 1 panels)  [21] 

Number of panels  Cost 

4 $2,500 

6 $3,000 

8 $3,500 

11 $4,000 

14 $4,500 

18 $5,000 

19 $6,500 

22 $7,500 

27 $8,000 

                                                     

B. Cost of battery bank    

Solar batteries usually used are of the lithium-ion type, and they cost an estimated price of 

900 - 1200$ for a 10kWh, considering the price of 100$ per 1 kWh [22]. 

The cost of installation of batteries for solar systems depends on the manufacturer, the type 

of battery (chemistry), the number of batteries used for the system, the essential future 

upgrades, labor cost, and the regions providing government or utility incentives [23]. 
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C. Cost of controller    

In this project, a Delta programmable logic controller (PLC) with 14 inputs and 14 outputs 

is chosen to control the system.  it was selected because it can handle the project's specific 

voltage and current requirements. The total cost of the PLC and the actuators for this setup is 

about $750. 

D. Approximate price of electrical generator  

Generator installations for houses usually cost from $6,000 to $11,000, with the generator 

costing between $3,000 and $6,000. It can reach $16,000 for big generators (30 – 48 kW). 

Labor costs can be between $3,000 to $5,000 for standard installations. However, complex 

setups with longer distances (> 20 kW systems) can significantly increase labor costs, which 

can be more than $12,000 [7]. 

Figure 4-35 shows the cost of diesel generator by the power output. 

 

Figure 4-35 Initial cost to install generator Vs the size of power output [24] 

 

Different fuels can be used for power generators. Each type has advantages and 

disadvantages: Natural gas generators (dependent on the availability of a natural gas line), 

Liquid propane (LP) generators (long life span, more costly), Diesel generators (higher 

efficiency, low maintenance, more expensive) [24]. 

Table 4-8 gives an estimation of prices for the three types of generators that have power 

capacity of 2 to 24 kW, and does not include installation. 
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Table 4-8 Generator Costs By Type [24] 

 

E. Cost of transfer switch  

The transfer switch is used to control the operation of the diesel generator. Table 4-9 shows 

the cost of its installation. 

Table 4-9 Cost to install generator transfer switch by type  [24] 

Type Average Total Cost 

Manual $600  

Automatic $900 

F. Cost of wind turbine    

Wind turbines that are used in homes and farms typically cost about 8000$ per kW. these 

turbines are usually under 100kW. for example, a 10kW turbine is needed to generate power 

for a big house, which would cost about 80 000$. Smaller turbines might seem less costly, but 

they're actually more expensive if we considered the energy production cost per kW [25].  

According to the American Wind Energy Association (AWEA), small turbines cost about 

5000$ per kW. Most houses require wind turbines with 5 - 15 kW of power capacity, which 

would cost approximately 25 000$ to 75 000$. Nevertheless, the estimated costs do not 

consider financing options and incentives. [26]. 

G. Cost of control circuit, wires and labor    

The cost of sensors can be very different depending on the type and brand. some sensors 

cost 150$, while others can be quite expensive and can reach 12 000$. In addition, the project 

requires the use of copper wire that would cost about 1000$.  

Fuel Type Unit price range 

Natural Gas $6,000 

Liquid Propane $6,000 

Diesel $18,000 
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The labor cost for the installation of the system can be estimated at 15$ per hour. thus, the 

total cost considers the complexity of the project and the number of hours to install the whole 

setup. 

4.3.2 Summary cost  

Table 4-10 Summary of cost 

Element  Estimated cost $ 

Panels (4 panels) $2500 

Battery pack $900 

Control cost $750 

Diesel generator cost $18,000 

Transfer switching automatically one $900 

Circuit of control, wires $1150 

Total estimated cost of system $24,400 

 

4.3.3 Return investment 

A. Annual cost savings 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  (𝐺𝑟𝑖𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠)  +  (𝐹𝑢𝑒𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠) 

• Electricity Cost Savings: which represents the reduction in the annual electricity bill by 

using the hybrid power system. 

• Fuel Cost Savings (if applicable): if a generator is conventionally used as the primary 

power source. It represents the annual savings on fuel used for operating the generator. 

 

a. Grid Electricity Cost Savings 

Assuming a 100-bed hospital consumes: 

• Annual Electricity Consumption = 100,000 kWh  

• Grid Electricity Rate = $0.20 /kWh 

• Estimated Reduction in Grid Reliance %: 

o the Average Daily Electricity Consumption = 274 kWh (100,000kWh/365 days) 
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o Estimated Daily Solar Energy Production = 418.2 kWh 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑊) = 440 × 4.8𝑊 = 𝟐𝟏𝟏𝟐𝑾 

Calculating the total power output considering efficiency: 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑊)

= 𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑊) × 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

(efficiency in Annex 2 = 19.8%) 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑊) = 2112𝑊 × 0.198 = 𝟒𝟏𝟖. 𝟏𝟕𝟔𝑾 

 

Calculating the total daily energy production: 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑊ℎ/𝑚²/𝑑𝑎𝑦)  

= 𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑊/𝑚²)

× 𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑊/𝑚²) 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑊ℎ/𝑚²/𝑑𝑎𝑦) = 418.176𝑊 × 1000𝑊/𝑚²

= 𝟒𝟏𝟖, 𝟏𝟕𝟔 𝑾𝒉/𝒎²/𝒅𝒂𝒚 

 

Converting from Wh to kWh: 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ/𝑚2/𝑑𝑎𝑦)  

= 𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑊ℎ/𝑚2/𝑑𝑎𝑦) / 1000 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ/𝑚2/𝑑𝑎𝑦)  = 418,176 / 1000 

=  𝟒𝟏𝟖. 𝟏𝟕𝟔 𝒌𝑾𝒉/𝒎²/𝒅𝒂𝒚 

 

 the daily production of the PV system composed of 440 monocrystalline solar cells would 

be approximately 418.176 kWh. 

➔  𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝐺𝑟𝑖𝑑 𝑅𝑒𝑙𝑖𝑎𝑛𝑐𝑒 =  ( 
418.2 𝑘𝑊ℎ

274 𝑘𝑊ℎ
 )  ∙  100% =  153%  

153% energy needs met by PV, meaning the PV system produces 100% the daily needs + 

53% excess energy used in charging the battery. 
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 The percentage of the energy covered by the PV system is more than 100%, which means 

that the daily production of energy by the PV system is more than the annual 

needs/consumption of the building. However, this percentage is only an estimation, and 

achieving it can be difficult in real life, considering changing weather conditions and issues 

that might occur to the storage capacity of the system. Therefore, the estimated percentage 

may in fact be less. 

 

Annual Grid Electricity Cost Savings: 

𝑻𝒐𝒕𝒂𝒍 𝑨𝒏𝒏𝒖𝒂𝒍 𝑮𝒓𝒊𝒅 𝑪𝒐𝒔𝒕 =  𝟏𝟎𝟎𝟎𝟎𝟎 𝒌𝑾𝒉 ∗  $𝟎. 𝟐/𝒌𝑾𝒉 =  $𝟐𝟎𝟎𝟎 

𝑨𝒏𝒏𝒖𝒂𝒍 𝑺𝒂𝒗𝒊𝒏𝒈𝒔 =  $𝟐𝟎𝟎𝟎 ∗  𝟏. 𝟓𝟑 =  $𝟑𝟎𝟔𝟎 

b. Fuel Cost Savings 

Assuming a generator with an energy output of 20kW operating on full load 

• Average Generator Fuel Consumption = 6 liters/hour 

• Estimated Annual Reduction in Runtime = 5000 hours 

• Fuel Cost = $1.2/liter 

 

Annual Fuel Cost Savings: 

𝑻𝒐𝒕𝒂𝒍 𝑨𝒏𝒏𝒖𝒂𝒍 𝑭𝒖𝒆𝒍 𝑺𝒂𝒗𝒆𝒅 =  𝟔 𝒍𝒊𝒕𝒆𝒓𝒔/𝒉𝒐𝒖𝒓 ∗  𝟓𝟎𝟎𝟎 𝒉𝒐𝒖𝒓𝒔 =  𝟑𝟎 𝟎𝟎𝟎 𝒍𝒊𝒕𝒆𝒓𝒔 

𝑨𝒏𝒏𝒖𝒂𝒍 𝑺𝒂𝒗𝒊𝒏𝒈𝒔 =  𝟑𝟎 𝟎𝟎𝟎 𝒍𝒊𝒕𝒆𝒓𝒔 ∗  $𝟏. 𝟐/𝒍𝒊𝒕𝒆𝒓 =  $𝟑𝟔 𝟎𝟎𝟎 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  (𝐺𝑟𝑖𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠)  +  (𝐹𝑢𝑒𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠) 

𝑨𝒏𝒏𝒖𝒂𝒍 𝒄𝒐𝒔𝒕 𝒔𝒂𝒗𝒊𝒏𝒈𝒔 =  𝟑𝟎𝟔𝟎 +  𝟑𝟔 𝟎𝟎𝟎 =  𝟑𝟗 𝟎𝟔𝟎$ 
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B. Calculating ROI 

To calculate the return investment of this project, we need to consider the initial costs of the 

project and the annual savings. 

The initial costs include:  

• The solar panels (+ installation)  

• Battery system  

• Generator  

• Wind turbine (if included)  

• Wiring and cables  

• Labor costs for installation and maintenance. 

 

So, to estimate the return investment, the Payback Period is calculated, which is the time it 

takes for the project's cost savings to return the initial investment. 

 𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 (𝑦𝑒𝑎𝑟𝑠)  =  𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 / 𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 

=  𝟐𝟒 𝟎𝟎𝟎$ / 𝟑𝟗 𝟎𝟔𝟎 =  𝟎. 𝟔 𝒚𝒆𝒂𝒓𝒔 ≈  𝟕. 𝟓 𝒎𝒐𝒏𝒕𝒉𝒔  

 

Additional Considerations 

• Grant Funding: Potential for grants or incentives from government programs 

promoting renewable energy. 

• Tax Benefits: Tax credits or deductions available in some regions for installing 

renewable energy systems. 
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CONCLUSION 

This project aimed at developing a hybrid power system, to be used as a potential alternative 

to conventional power supply systems that can be unreliable and harmful to the environment. 

The developed HPS can be considered in areas with potential conflicts or susceptible to natural 

disasters that might cause power interruptions. 

the hybrid power system developed in this project converts different types of energy into 

electricity by replacing the conventional grid system with Photovoltaic panel system (PV), 

wind turbines and generators. this system can be used in critical facilities to avoid power 

interruptions. Such facilities can be hospitals, where the system supplies sensitive equipment 

with power, and where power disruption can be threatening to human safety during natural 

disasters, conflicts, or infrastructure damage.  

the hybrid power system in this project is kept simple, and it uses clean energy sourced from 

the PV system and wind turbines, and stores it in battery banks to be used when needed. Despite 

the high initial costs, human safety is a priority and this justifies the investment, because human 

lives cannot be risked. although wind turbines can be expensive, they can be dispensable, and 

the PV system can be an affordable and sustainable alternative to it.  

In the future, conventional sources of energy could be replaced by cleaner sources in all 

electrical appliances, taking into consideration the depletion of non-renewable energy sources 

that is currently happening. The hybrid power supply will be the world's future and the first 

step to the transformation that has already started by using clean energy for hybrid vehicles.  

This study also demonstrates the practicality of this hybrid power system, especially in 

remote areas, which lack a grid system. In this case, the HPS can be a vital solution, helping 

the access to essential services such as healthcare and education. Thus, this can potentially also 

lead to strengthening the community and social fairness, and actually revive local economies 

by promoting business and connectivity. 

Many studies have concluded that the use of hybrid power systems can help the environment 

by reducing the emission of greenhouse gases, help improve public health by having cleaner 

air especially in area with high air pollution, and also, it mitigates the dependence on fossil 

fuels due to using and prioritizing other clean energy sources. So, we conclude that this system 

can actually offer countless benefits. 
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Limitations and Future Research 

While the study considered many aspects of the hybrid power system, some elements need 

further research 

• Battery Storage Capacity: adequate battery storage is needed for supply in case of long 

continuous power interruptions. Further research can be done to enhance the battery 

efficiency and reduce the cost 

• Control System Complexity: a complex control system can increase the costs of the 

project. More studies should consider exploring how to reduce the costs while using 

advanced technologies for this kind of systems. 

• Wind Turbine Integration: the use of wind turbines in the HPS can be expensive. More 

strategies should be found to reduce the cost and help integrate it where it is most 

beneficial. 

• Large-Scale Implementation: the use of HPS in any area should be first studied, 

considering the current grid system, infrastructure, policy and regulations. 
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This project aims to provide a continuous power to different devices by converting different 

types of power as diesel mechanical generator or solar power to electrical power, which can be 

consumed directly or saved in battery banks to save it whenever needed. Targeting war and 

disaster areas also where electric power interruption occurs inutility’s power saved in batteries 

could be used to save lives, which ensures the sustainability of the electrical power supplied. 

The Project could be in different shapes and sizes depending on where it would be used. Take 

advantages of areas where long sunlight times the solar energy take place to supply the loads. 

Moreover, in the area where good active air movement the wind turbines could be used.  

Diesel Generator take place also in the system when needed. It can be excluded with in 

necessary cases only due to its emissions (NOx, CO2) and noise pollution. The “hybrid power 

system supply “is controlled by a control unit and switches to the power as needed and in this 

project will provide a robust system switches from supply to another. This ensures a robust and 

reliable power supply even during unpredictable situations. 

The cost estimation is covered in this project considering people’s lives are more important, 

providing uninterrupted power in critical situations. 
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Annex 1: The Vanguard lithium-ion battery  

• Vanguard Battery pack data sheet:  
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Annex 5: Arduino Uno data sheet 
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Annex 6: Arduino IDE code for voltage sensors and relay opening 

1. //screen define 
2. #include <Wire.h> 
3. #include <LiquidCrystal_I2C.h> 
4.   
5. // Define analog input 
6. #define SIGNAL_PIN A0 
7.   
8. // Floats for ADC voltage & Input voltage 
9. float adc_voltage = 0.0; 
10. float in_voltage = 0.0; 
11.   
12.  //sensor code detecat voltage 
13. // Floats for resistor values in divider (in ohms) 
14. float R1 = 30000.0; 
15. float R2 = 7500.0; 
16.   
17. // Float for Reference Voltage 
18. float ref_voltage = 5.0; 
19.   
20. // Integer for ADC value 
21. int adc_value = 0; 
22. const int relayPin = 4; 
23.   
24. // Initialize the LCD library with I2C address and LCD size 
25. LiquidCrystal_I2C lcd (0x27, 16,2); 
26.   
27. void setup() 
28. { 
29.   // Setup Serial Monitor 
30.   Serial.begin(9600); 
31.   pinMode(relayPin, OUTPUT); 
32.   int adc_value = analogRead(A0); 
33.   Serial.println ("Voltage sensor Test");  
34.   // Initialize the LCD connected  
35.   lcd. init (); 
36. // Turn on the backlight on LCD.  
37.   lcd. backlight (); 
38.   lcd.print ("HPS ARDUINO"); 
39.   lcd. setCursor (0, 1); 
40.   lcd.print ("VOLTAGE SENSOR.."); 
41. delay(3000); 
42. lcd.clear();   
43. } 
44.   
45. void loop() { 
46.   
47.   adc_value = analogRead(SIGNAL_PIN); 
48.   
49.   // Determine voltage at ADC input 
50.   adc_voltage  = (adc_value * ref_voltage) / 1024.0; 
51.   
52.   // Calculate voltage at divider input the (0.07) it error between actual read and 

calcualted one 
53.   in_voltage = (adc_voltage / (R2 / (R1 + R2)))+0.07 ; 
54.   
55.   // Print results to Serial Monitor to 2 decimal places 
56.   Serial.print("Input Voltage = "); 
57.   Serial.println(in_voltage, 2); 
58.   
59.   lcd. setCursor (0, 0); 
60.   lcd.print ("VOLTAGE MEASURED"); 
61. //Here cursor is placed on second line  
62.   lcd. setCursor (0, 1); 
63.   lcd.print (in_voltage, 2); 
64.   lcd.print (" volts"); 
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65.   Serial.println(" "); 
66.    
67. // the loop which gives the realy the state of charge of the battery  
68.   
69. if ( in_voltage < 11){ 
70.   
71.    
72.    digitalWrite(relayPin, LOW); 
73.     
74.   } else { 
75.     digitalWrite(relayPin, HIGH); 
76.   }{ 
77.   } 
78.  delay(500); 
79.  } 
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Annex 8: Alternator data sheet 

 

Annex 9: Prototype Drawing using SolidWorks CAD 
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