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Proposal outline 
The smart DC microgrid project proposal consists of chapters including brief details as 

described below: 

Chapter one: 

 

Project outline, which includes the introduction and motivation. And, it’s consisted of 

the capabilities of students and objectives. In addition, it includes the methodology of 

three previous projects have been done and the new method which will be used in 

implementing this project. 

Chapter two: 

 

Feasibility study of the location, strategies and resources, which explain operation, 

construction and analysis of the main components. And technical specification and 

features, which give a brief 

description of the overall 

expected functionally, 

expected features and expected specifications all components will be used. Also, it 

provides charts representing the hardware block diagram, software flow algorithm, 

equation needed to size the system and testing of all equipment.  

Chapter three: 

 

It includes task distribution and the timeline schedule that was followed by each 

member. 

Chapter Four: 

 

It includes risk assessment explaining the error, which the design may face. 

Chapter Five: 

 

Last but not least, this chapter includes conclusion, references and appendices.   
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Abstract 

This is the second phase of the capstone project of Electrical and Computer Engineering 

students at Effat University implementing knowledge and skills gained through their 

study to design a prototype.  The idea of the project, Smart DC Microgrid using 

Renewable Energy, was initiated back in 1998 in Europe [1].  This project proposes a 

simple design methodology for a DC microgrid, which depends on solar energy and 

energy storage devices, to supply energy for small remote communities.  The proposed 

system has the capability to manage the power flow among the microgrid elements: 

energy sources, storage devices, and the load; to make the microgrid more efficient, 

reliable, secure and greener.  The power management methodology depends on using 

solar energy to supply load and charge the batteries and super capacitors during the day.  

Diesel engine generator set is used as a backup energy source when the storage devices 

are not capable to fulfil the load demands.     The algorithm of power flow control based 

on the priorities of critical load and available energy sources, is tested through 

simulation using Simulink.  Also a prototype of the proposed system is designed and 

tested to verify the expected results.  This project was applause with applauded by the 

attendee of smart grid conference that was held in Hilton Jeddah in December 2014.  In 

addition the project was sponsored by Saudi Soft Company and Cummins Middle East.  

Moreover, the project’s team submitted an abstract to the upcoming Smart Grid 2015 

conference.  
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Chapter 1 INTRODUCTION 

1.1 project outline 

1.1.1 Motivation  
 

Saudi Arabia has a great chance to use solar energy since its sunny most of the year 

over vast area. Some remote areas don’t have the chance to be connected to the main 

grid and use diesel generator to supply their demands.   Therefore, there is a need to 

maximize the use of available solar energy in the country and minimize the 

consumption of traditional energy resources.  Recently smart grid have been 

implemented in some areas in Europe and United States to achieve an efficient and 

economic system.  Accordingly, we became interested to implement the concept of 

microgrid using solar energy in remote small communities similar to some areas in 

Saudi Arabia. 

 

1.1.2 Introduction 
 

What is Microgrid?  

The term Microgrid is coming a trend nowadays, it focus on government and 

commercial power users. Microgrids can take many aspects [2]. Microgrid contains 

integration and control of multiple local generation and storage assets (diesel 

generators, combustion turbines, PV arrays, battery systems, etc.) to provide the enough 

power to the loads.  

Microgrid is a small-scale version of the centralized electricity system. Also it's a local 

energy grid with control capability, which means it can separate from the traditional 
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grid and operate independently. It helps to manage interconnected loads and distributed 

energy resources. The ideal if smart DC microgrid become from  

 

Controlling the energy systm of the microgrid, and its called DC because shifting power 

loads to DC can achieve a higher quality power than the traditional AC grid system.  

 

Types of microgrid: 

Although microgrids are becoming more and more prevalent in both the press and in 

energy world, there is no common definition of exactly what constitutes a microgrid or 

how to differentiate among types of microgrids. However, microgrid can be classified 

in different ways according to specific criteria. Some of these criteria are: Connection 

to main grid, type of generation, voltage level of distribution system, number of phase, 

microgrid size, load management, and metering.  

 

Connection to Main Grid:  

Microgrid can be classified as indicated by its connection to Grid-Connected 

Microgrids and Island Microgrids. The grid-connected microgrids give backup power 

to a national or regional grid. Island Microgrids are not economical to connect to a 

larger grid either because of the expense of the cables or because they are too small and 

far from a central grid.  

 

Type of Generation:  

Microgrid generation sources can include microturbines, non-renewable energy, 

renewable energy sources, including, but not limited to, biomass, biogas, solar power, 
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wind power, geothermal power fuel cells, and increasingly play an important role for 

the electric power distribution system.  

 

Voltage level of distribution system:  

Microgrid can be classified according to its voltage levels, such as low voltage DC that 

varies from 12 – 48 volts or medium voltage, or high voltage microgrid. 

 

Number of Phase:  

The microgrid concept has been proven for three-phase systems as well as single-

phase systems. Generally, three-phase microgrids are preferred over single-phase 

microgrids when reasonably high power levels are involved. On the other side, for 

power distribution at lower levels, single-phase microgrids are preferred because of 

the savings in copper per watt. If a residential microgrid is to be created, it will most 

likely be a single-phase microgrid.  

 

Sizes:  

The size of a microgrid can be determined according to peak load, generation capacity, 

and number of costumers. The main size categorization of microgrid can be: Large-

Scale Microgird. Medium-Scale Microgird, and Small-Scale Microgird. Typically 

ranging from between several kilowatts (residential) up to megawatt scale in size as 

shown in the figure below.  

 

Microgrid Loads:  
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A microgrid could serve variety of customers: residential, commercial and industrial. 

In general, commercial and industrial users are defined as critical/sensitive loads, which 

demand high degree of power quality and reliability.  

 

The precise classification of different types of microgrids remains a challenge, 

especially when it comes to factors such as islanding capabilities and controls, the 

number of grid interconnection points, and the ownership of generation and distribution 

assets.  
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1.2 Capabilities of the students  
 

The project involves many areas as power systems, power electronics, control, and 

computer simulation. The team members studied several courses cover topics related 

to this project. 

The team worked previously in many different   projects such as power supply, 

green house, smart house and solar tracking system, In the first project the team was 

able to recognize the electronics part and how to connect the components to form a 

useable circuit, on the other hand the second and third projects helped in using control 

method and how to create a feedback in the system but the last one which is the solar 

tracker is to have the ability of program writing and the basic renewable energy concept. 

The successes of the previous projects reflect and prove the ability to conduct this 

research. 
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1.3 objective and scope 
 

 

A microgrid not only provides backup for the grid in case of emergencies, but can also 

be used to reduce costs, or connect to a local resource that is too small or unreliable for 

traditional grid use. Microgrid allows communities to be more energy independent and, 

in some cases, more environmentally friendly. The objectives of our project are: 

 

 To design a Prototype represents the idea of a DC Microgrid. 

 Reduced distribution loss. 

 To reduce the power the losses 

 All the users feel the grid disturbances, outages, frequency changes and voltage 

 Fluctuations, blackouts and brownouts. This can affect the performance and life 

of 

 Increased power quality. 

 Most modern loads are DC. 

 Resources used in this project produces DC output, except for the diesel 

generator that produces AC. 

 The loss in the DC microgrid is less than the AC microgrid. 

 It’s appropriate for small community, in our case, to use DC microgrid. 

 Load frequency control 

 AC has frequency deviation, and DC does not. 
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1.4 Literature Review  
         

Smart microgrids are independent bunches of local generators, loads, and storage 

devices. They include an extensive variety of environmentally friendly power 

generation technologies, for example, hydro power, wind turbine, solar cells and so on. 

As for the distributed energy generation, the microgrids generally have electric power 

generators near to the clients, which could be managed by them. The smart microgrids 

have then the capability of decreasing greenhouse gas emission by tending to the real 

weaknesses of the existing power grid, for example, the transmission and the 

distribution losses. However, energy losses and high costs might occur resulting from 

the coordinated control of distributed energy generation in microgrid operation by their 

owners. The usage of storage requires an enhancement scheme that considers the time-

integral part of the load flow. In this way, the energy management needs to perform 

energy planning a single day or multiple days ahead. A good and smart energy 

management system is therefore obliged which empowers short-term energy allocation 

scheduling at least expenses focused around power generation and load demand.  

The function of the Energy Management System is to produce set points for all 

the sources and storages in such a route, to the point that economically optimized power 

dispatch will be kept up to satisfy certain load demand. Generation forecast as well as 

some algorithms are utilized to define the energy accessibility and, at last, to 

characterize the improved power dispatch signals to the loads, and also to the grid using 

the microcontroller. This energy management system comprises of improvement 

module and online control module. 

They engage customers to communicate with the energy management system to 

change their energy use so as to lessen their energy costs. Additionally, the smart 

microgrids, as two-way energy distribution and communication systems, have access 



       [Type text] 

 

SMART MICROGRID    

 

15 

SPRIN2015 

to the real-time user demand and are able to optimize customer power consumption. 

Energy management system allows instantaneous optimization of alternative and 

renewable power sources. These some papers were discussed the power management 

in a microgrid  

 

A research related to Control Method for Microgrid Power Management 

introduced a new method for microgrid power management to adjust the active and 

reactive power of each component in order to manage the system [3]. The method 

conducted is called Virtual Droop Control (VDC) for power management, voltage, and 

frequency control in island mode of operation. It regulates the voltage and frequency in 

a microgrid in an island mode. The active and reactive power yields of Distributed 

generators are regulated as per change in voltage and frequency at different buses. The 

authors stated that in virtual droop control technique the power offering is performed 

between different sources while the system frequency and voltage stay steady. By 

firmly regulating voltage and frequency, the reconnection instrument to grid, from an 

island mode gets to be less demanding and quicker. Different sources similar to natural 

as or diesel generators and renewables must synchronize with this voltage to convey 

power. On the other hand, to regulate the active and reactive power output of the sources 

a virtual frequency is made. The estimation of the virtual frequency relies on upon the 

system load demand and accessible generation. The same idea applies to system 

voltage. A virtual voltage summon is resolved as indicated by reactive power yields of 

the sources and reactive power demand. A droop relationship is characterized between 

the virtual frequency and voltage of the system and yield active and reactive power of 

each one source.  

      The idea of increasing the efficiency is discussed in the paper by the authors stated 
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that unit commitment has to be applied for natural gas generators (2013). Depending 

on the different levels of load and state of charge of the energy storage, none, one, or 

two of the generators are synchronized to supply power. For example, while light load 

condition and higher percentage of state of charge, only energy storage gives power 

and none of the generators are joined. The three cases conducted by the authors for 

power management are the following:  

Case 1: Only energy storage provides power to the system. 

Case 2: Energy storage and natural gas generator provide power to the system. 

Case 3: Energy storage and both natural gas generators provide power to the system. 

The authors concluded by mentioning that virtual droop control method mange 

microgrids in various operating modes. It tightly regulates the microgrid voltage and 

frequency, reduce the duration for reconnection process, and increase the generators 

efficiency. 

 

Another research related to Microgrid Energy Management System [4], discussed 

different way to control the energy management system (EMS). All the data 

management, monitoring, controlling and optimization are given dispatch control 

center, which provides stable and efficient operation of the microgrid.  The main idea 

of energy management is to satisfy all the power of the loads without any losses. It’s a 

system depending on a computer or program used as the management center for the 

microgrid.  

There are three different problems for the microgrid; commination problem, access 

control, and unpredictable character of new and renewable energy power.  The first 

problem, commination problem, which is due to the different data that we need to 

monitor and collect in real time.  Hence, it is difficult sometimes for the microgrid to 

make control decisions. Therefore, optical Internet protocol (IP) network, band-pass 
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limiter (BPL) carrier, and broadband wireless network technology are used to overcome 

communication problem. 

 

Access control was the second problem they discussed, The control between the 

main grid and the microgrid needs a real time data when the power supplied, the system 

needs to switch to the main grid in time without removing the loads, as they said the 

solution for this was “Developing a new interface control technology. At present, there 

are three kinds of typical control method: “Plug and play" technology based on power 

electronic devices; the control based on the power management system; control”  

The third and last problem they mentioned in this paper was The unpredictable 

character of new and renewable energy power, as we know the microgrid based on 

renewable energy which all these sources get affected by the weather that caused many 

problems for the microgrid to supply the needed power for the loads, developing a new 

energy and renewable resources prediction module. Depending on the location of the 

microgrid. 

 

 

  Another research related to power Management in a DC Microgrid Supported by 

Energy Storage was done by using supercapacitor as an energy storage method of the 

power management [5].  In this case the method of the power management system is 

presented in a system that consist of a variable speed power generation system with a 

permanent magnet generator (PMG), an additional converter between DC link and 

energy storage and power electronics converter between permanent magnet generator 

and DC link. The resistor on the system is the load to the DC side, which represents the 

use of the inverter for the load supply. In this paper the method of the power 

management allow achieving required functionality like DC bus voltage overvoltage 
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protection and the stabilization, the super capacitor is overcharging protection and the 

protection against too deep discharge of the energy storage. The simulation results was 

obtained using PSIM software and laboratory tests.  

    Power management has an independent method of control for other power converters 

in the system, as a result it can be integrated with each energy storage and its converter, 

and can be applied as an individual unit. The only require is to modify the minimum 

accepted value of the DC bus voltage. This value must be less than the level of reference 

value that been controlled by the boost converter.  

In addition, the minimum and maximum values for the energy storage voltage and 

limited required of the energy storage current. The thresholds are related with the type 

and energy storage parameters and they rely on the rest of power system.  

The power flow control is allowed to continue of a DC bus voltage in the range is define 

as reference to the voltage controllers. Moreover features such as energy storage 

overcharging protection and the protection against too a deep storage discharge that has 

been tested and confirm.  

By comparing above research papers, the first research used Virtual Droop Control 

(VDC) for power management, voltage, and frequency control in island mode of 

operation; however, this method is mange microgrids in various operating modes.  

 

To sum up, the second research paper [4] used optical Internet protocol (IP) network, 

band-pass limiter (BPL) carrier, and broadband wireless network technology as a 

solution for real-time transmission, “Plug and play" technology for the power 

management between the main grid and the microgrid, and stated choosing the right 

location depending on the main renewable energy system we have, the modification in 

this research is sophisticated. 
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Finally, the last research paper [5] used power electronics converters and regulators 

between equipment and DC bus link, and they used super capacitor as energy storage 

overcharging protection and the protection against too a deep storage discharge. 

 

Therefore, in our research we are going to use the idea of the last research paper by 

using super capacitor as energy storage overcharging protection and the protection 

against too a deep storage discharge, regulators to manage the DC bus link, and a 

controller that manages the power by setting specific programs and priority of 

conditions. 
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1.5 project scheme  
Smart DC Microgrid’s Scheme: 

Smart DC microgrid system has two different schematics that each has its own 

advantages; the first one when loads are supplied by the energy sources directly 

depending on the conditions we have and the priority for each.  

 

 

 

 

 

 

 

 

 

 

 

 

The second scheme is a charging the battery directly from the energy sources to 

supply the different types of loads (AC & DC) at the same time and charge controller 

on each power supply. 

 

 

 

  

Figure 1: Smart DC Microgrid Scheme 1 
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Figure 2: Smart DC Microgrid's Scheme2 
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Chapter 2 Description and Operation 

 

2.1 Feasibility study for the solar  
 

In 2011 over 50% of electricity was produced by burning oil due to the increasing of 

oil price the solar energy becomes very important in Saudi Arabia. Saudi Arabia's first 

solar power plant was commissioned on October 2, 2011; on Farasan Island It is a 

500 kW fixed tilt photovoltaic plant. A 200 kW rooftop installation is planned 

for Riyadh, and is expected to generate 330 MWh/year 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Global Horizontal Irradiation 
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The table will show how many voltages our solar panel will produce in Jeddah  

 

  

Figure 4: Fluctuations of Solar energy voltage 
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2.2 Strategies and recourses  

2.2.1 Solar  
 

Operation: 

 It is also called solar module, photovoltaic model or photovoltaic panel: it consists of 

package of photovoltaic cells that are made of semiconductor material such silicon. 

When lights (photons) strikes this cell. a portion of its energy is absorbed by the 

semiconductor allowing electrons to be loose and generate a flow of current and supply 

electricity via placing metal contacts on both side of the PV cell. Each panel is rated by 

its DC output power under fixed standard conditions. It typically ranges between 100 

to 320 watts. Its efficiency is concluded the area of the panel, for example. An 8% 

efficient 230 watt panel. Will have twice the area for 16% efficient 230 watt panel. A 

photovoltaic system is an array of solar panels installed together and connected in series 

to achieve a  

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Solar Panel Operation 
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Desired output voltage, or parallel to provide a desired current capability, inverter, 

battery or solar tracker and connections. 

 

Energy loss in a solar cell: 

The electromagnetic spectrum radiation is made from ranges with different 

wavelengths, therefore, there are varying in the energy levels. A typical photovoltaic 

panel can cover a certain range of the frequencies of light but certainly can’t cover all 

the solar range. Hence, lot of sunlight energy is wasted. In the other land, the light can 

be separated into different wavelength and direct beams to the different equivalent 

cells for each frequency, in which it will increase the efficiency by 50%.  

 

It's important to note that the best achieved sunlight conversion rate is around 21% in 

commercial products which is lower than the efficiencies of cells working in isolation. 

The energy density of the solar panel is the efficiency described in power output per 

unit of surface are refer to watts per square foot (W/ft2). A sufficient solar panel 

would have an energy density value of greater than 13 W/ft2 (140 Wm). 

 

Construction: 

There are two modules: wafer based crystalline silicon cells or thin film cells based 

on cadmium telluride or silicon. Usually these cells need a protection from 

mechanical damage and moisture. Most solar panels are rigid only the thin film cells, 

they are semi-flexible one. An extra protection is required to avoid reverse currents in 

the solar panels via adding diodes, this protection is important as it will waste power 

and leads to overheating of the cells and thereby cause the solar cells to become less 
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efficient. A recent use of concentrators such lenses to enhance the focus of the light 

on the array of the cells, which enables the cells to higher output per unit area in a 

cost effective way. 

 

Solar Panel Types: 

Crystalline silicon modules: 

Commonly used produced by silicon photovoltaic cells and categorized as 

monocrystalline or polycrystalline modules. a polycrystalline PV cells connected in 

solar panel. Solar panels must withstand heat, cold, rain and hail for many years. 

Many crystalline silicon module manufacturers offer a warranty that guarantees 

electrical production for 10 years at 90% of rated power output and 25 years at 

80%.The output power of many panels slowly degrades at about 0.5% year.  

 

Monocrystalline vs Polycrystalline: 

 The difference between monocrystalline and polycrystalline solar cells is that 

monocrystalline is produced from a single crystal of silicon and polycrystalline is 

produced from silicon consisting of many crystals. Because polycrystalline cells 

contain many crystals, they have a less perfect surface than monocrystalline cells. 

This means that they absorb less solar energy and produced les electricity per cell. 

 

Thin-film modules 

They are the third generation solar cells that have high efficiency conversation at low 

cost.  

 

Rigid thin-film modules: 
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The cell is created on a glass substrate or supeqrstrate and its connection is created in 

situ which is called monolithic integration. They are laminated with encapsulate to a 

front or back sheet usually of glass. The main categories are CdTe. a-Si or Si+uc-Si 

tandem or CIGS 

 

Flexible thin film modules: 

It deposits a photoactive layer and other layers on a flexible substrate. If the substrate 

is insulator then a monolithic integration can be used. If it's a conductor then another 

technique for electrical connection must be used. 

 

Module Embedded electronics: 

It's a PV modules embedded with electronics. This enhances the performance of the 

maximum power point tracking and enables measurement of the performance data for 

monitoring and fault detection. Some uses a DC-to-DC converter technology 

developed to maximize the power harvest from the solar photovoltaic systems. 

 

Mounting systems 

Trackers: 

Increase the amount of the energy produced but the installation cost is high and 

continuous need of maintenance. They are digitally controlled to sense the direction 

of the sun and tilt the panel to that angle to drain the most sufficient energy possible 

from sunlight. 

 

Fixed racks: 

It holds the panels stationary as the sunlight angles varies it tilt angels based on 
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prefixed installation latitude. 

 

Ground mounted: 

They are solar panels that are held by frames and attached to ground base mounting 

support. It can be pole mounts, which driven directly on the ground, Foundation 

mount or ballasted footing mounts, which uses steel bases that use weight to secure 

the solar panel system in position. 

 

Roof mounted: 

It consists of solar panels held in frames or racks and attached to the roof based on 

mounting supports: such pole mounts which is directly to the roof structure. Ballasted 

footing mounts, which uses weight to secure the panel system in position. 
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2.2.2 Diesel  
 

 Operation: 

The process start with injecting the fuel into the cylinders under high pressure that it 

heats the air in the cylinders all by itself. Diesel fuel is less volatile than gasoline and 

is simpler to start if the combustion chamber is preheated, then the fuel passes through 

a couple of fuel filters that clean the fuel before get into to the fuel injector nozzles.  

The fuel injection pump pressurizes fuel into a delivery tube. This tube is called 

a rail and saves it under constant high pressure; it brings the fuel to each cylinder at the 

correct time.  The fuel goes by the fuel injectors as a fine spray into the combustion 

chambers of the cylinders through nozzles controlled by the engine’s 

engine control unit (ECU), which controls the pressure, when the fuel spray occurs. The 

fuel, air, and “fire” meet in the cylinders. While the previous steps get the fuel where it 

supposes to be, another process start simultaneously to get the air where it needs to be 

for the final stage. On conventional diesels, the air comes in through an air cleaner 

that’s quite like to those in gas-powered vehicles. Finally the Combustion spreads from 

the reduced amount of fuel that’s located under pressure in the precombustion chamber 

to the fuel and air in the combustion chamber itself. 

Construction: 

Diesel engine consist of a four-stroke combustion cycle just similar a gasoline engine.  

 Intake stroke: The intake valve opens up, let in air and moving the piston down.  

 Compression stroke: The piston moves back up and compresses the air. 

 Combustion stroke: As the piston reaches the top, fuel is injected at just the right 

moment and ignited, forcing the piston back down. 
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 Exhaust stroke: The piston moves back to the top, pushing out the exhaust created 

from the combustion out of the exhaust valve. 

2.2.3 Microcontroller  

 

Operation: 

Microcontroller designed to easily be program through read data and perform operation 

calculations and construct things by. Additionally, it's a small computer on a single 

integrated circuit, which contains processor core. Memory. Input and output peripherals 

and a programmable memory usually is chip of small amount RAM. Microcontrollers 

are used in embedded applications while microprocessors used in general purpose 

applications or in personal computers. For example Arduino Microcontroller Company, 

which has integrated circuit, boards that has everything needed to make the interfacing 

easier in the board with clear purpose pins and application of each in available reference 

sources and manuals. Also, added testing codes and circuits that help aid students and 

hobbits to learn more through easy interface. Moreover, the MCU is connected to the 

board of the Arduino, which the board act as easy connection and interface with the 

MCU by getting data from and to its Arduino board pins. Also a USB cable is given 

when buying an Arduino to connect the Arduino to the computer to display information 

or to reprogram the Arduino. This Arduino microcontroller can have many add-on 

boards to allow it to get temperature, wireless interface or get the GPS coordinates. 

 

Construction: 

Microcontroller and microprocessor are designed and made for a real time 

Construction: application. They are available in different version starting from 6 pin to 

100 pins based on the features. Starting from the very first single chip microprocessor 

was 4bits intel4004 and intel8008 which needs external chips to construct the system 
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that raises the cost and result in economically impossible to implement in applications. 

On the other hand. Smithsonian institute has released the first microcontroller 

TMS1000 which has ROM. Readwrite, memory, processor and clock on the chip, 

which made interfacing easier Followed by releasing a more modified microcontroller 

by interl8048 it has both RAM and ROM on the same chip. 

Microcontroller has either EPROM. Which is erasable programmable read only 

memory or PROM, which is programmable, read only memory. it only write the 

program once. But with the release of EEPROM memory, which allowed the 

microcontroller to electrically, erase quickly allowed a rapid growth in 

microcontrollers. Nowadays, Microcontrollers are self-contained system with 

processor. Memory. Peripherals that some of them are very sophisticated and have 

minimal requirements for memory, no operating system and low software complexity. 

Mostly used with input and output devices such as switches, relays. LEDs, LCD. ADC. 

DAC, GPs. Wireless, digital and analog sensors. Through the use of these, 

microcontroller can react to response to its task environment assigned. 

 

Classifications of microcontroller: 

a) Levels 

 Higher-level microcontrollers: 

It has a simple hardware interface to other devices for example; a plug or a couple of 

wires and it also has a simpler programming language. They consider   it as the most 

expensive of microcontroller .the connection between the computer and the high-level 

microcontroller via serial or USB to operate. 

 Lower level microcontrollers: 
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It requires more work, in both terms hardware and software. The hardware connections 

requires you to build your own circuit to interface with other devices, and in the 

software it requires a C or assemble language to be programmed, on the other hand, 

lower level considered as the cheapest and the most flexible in terms of what you can 

make them do. 

 Mid-level microcontrollers 

 To program the mid-level is by connecting a serial cable from a PC where the code is 

written to the microcontroller itself. For example Arduino and BX-24 

 

b) Number of Bites  

The bits in microcontroller are 8-bits, 16-bits and 32-bits microcontroller. 

In 8-bit microcontroller, the point when the internal bus is 8-bit then the ALU is 

performs the arithmetic and logic operations. The examples of 8-bit microcontrollers 

are Intel 8031/8051, PIC1x and Motorola MC68HC11 families. 

The 16-bit microcontroller performs greater precision and performance as compared to 

8-bit. For example 8 bit microcontrollers can only use 8 bits, resulting in a final range 

of 0×00 – 0xFF (0-255) for every cycle. In contrast, 16 bit microcontrollers with its 16 

bit data width has a range of 0×0000 – 0xFFFF (0-65535) for every cycle. A longer 

timer most extreme worth can likely prove to be useful in certain applications and 

circuits. It can automatically operate on two 16 bit numbers. Some examples of 16-bit 

microcontroller are 16-bit MCUs are extended 8051XA, PIC2x, Intel 8096 and 

Motorola MC68HC12 families. 

The 32-bit microcontroller uses the 32-bit instructions to perform the arithmetic and 

logic operations. These are used in automatically controlled devices including 

implantable medical devices, engine control systems, office machines, appliances and 
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other types of embedded systems. Some examples are Intel/Atmel 251 family, PIC3x. 
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Arduino UNO 

The Arduino Uno can be defined as a microcontroller board based on the ATmega328 

(datasheet). 14 digital input/output pins are within the Arduino   (of which 6 can be 

used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, 

a power jack, an ICSP header, and a reset button. It contains everything needed to back 

up the microcontroller; one can simply connect it to a computer with a USB cable or 

power it with a AC-to-DC adapter or battery to get it started. The Uno varies from all 

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it 

features the Atmega8U2 programmed as an USB-to-serial converter. 
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Technical specification:  

Microcontroller ATmega328  

Operating Voltage 5V 

Input Voltage (recommended)  7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output)  

Analog Input Pins 6 

DC Current per I/O Pin 40mA 

DC Current for 3.3V Pin  50mA 

Flash Memory  32 KB of which 0.5 KB used by bootloader 

SRAM  2 KB 

EEPROM  1 KB 

Clock Speed  16 MHz  

Table 1: Technical Specification of Microcontroller 

Design of the board: 

 

Figure 6:Arduino Diagram 
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About the Arduino: 

1- Power:  

The Arduino Uno can be powered through the USB connection or with a using an 

external power supply. The power source has been selected automatically. The non-

USB External power can either be from a battery or an AC-to-DC adapter. Using 

different way of connecting such as plugging a 2.1mm center-positive plug into the 

board's power jack the adapter can be connected. The battery can be inserted in the Gnd 

and Vin pin headers of the POWER connector.  

The external supply can be operating by using 6 to 20 volts. If it was supplied with less 

than 7V, although, the 5V pin can supply smaller amount than five volts and the board 

could be unstable. If using more than 12V, the voltage regulator could be overheat and 

the board can be damaged. The range that is recommended is 7 to 12 volts.  

The power pins in the Arduino board are as follows:  

 VIN: Is the input voltage for the Arduino board when using an external power source 

.The voltage can be supplied through this pin, or, if supplying voltage through the 

power jack, it will be access through this pin.  

 5V: This regulated power supply is used to supply power to the microcontroller and 

the other components on the Arduino board. This can be supplied by USB, or can 

come from VIN through an on-board regulator, or another regulated 5V supply.  

 3V3: 3.3volt a generated supply on the on-board regulator. Maximum current that 

can be applied is 50 mA.  

 GND: The ground pins.  

 

2- memory: 
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32KB of a flash memory is on the ATmega328 used for storing code and 0.5KB is for 

the boot loader, the Atmega328 has 32 KB of flash memory for storing code (of which 

0,5 KB is used for the boot loader); It has also 1 KB of EEPROM and 2 KB of SRAM. 

 

3- Input and output: 

Each one of the 14 digital pins on the board can be used as an input or output, using 

digitalWrite() , digitalRead(), and pinMode() functions. They can be operating at 5 

volts. Each and every pin has an internal pull-up resistor of 20-50 kOhms and can 

receive or provide a maximum current of 40 mA. Moreover, some pins have special 

functions: Serial: 1 (TX) and0 (RX).  TTL serial data is transmit (TX) and receive (RX) 

using serial pin. Connecting the pins to the corresponding pins for the ATmega8U2 

USB-to-TTL Serial chip.  

 External Interrupts: 2 and 3. We can configure these pins to trigger off a cut in 

on a low value, if there is a rising or falling edge, or if there is a change in value.  

 PWM: 3, 5, 6, 9, 10, and 11. Gives 8-bit PWM output with using the analogWrite() 

function.  

 SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). SPI communication can be 

supported using these pins. 

 LED: 13. In this pin there is a built-in LED is been connected to digital pin 13. The 

LED will be on if the pin is HIGH value, the LED will be off if the pin is LOW. 

6 analog inputs can be found in The Arduino, each one provide 10 bits of resolution 

.By default they measure from ground to 5 volts, although it is possible to use the AREF 

pin and the analogReference() function to change the upper end of their range .  

 

4- Communication: 
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The Arduino Uno has different communicating services with a computer, another 

Arduino, or another microcontrollers. The ATmega328 gives UART TTL (5V) serial 

communication, that is available on digital pins 0 (RX) and 1 (TX). The software for 

the Arduino includes a serial monitor that allows simple data to be sent to and from the 

Arduino board. The RX and TX LEDs which we can find in the board will start to flash 

when data is have being transmitted through the USB-to- serial chip. 

 

5- Programming: 

We can program the Arduino Uno with the Arduino software. The software is available 

in the Arduino website for each operating system such as Mac, windows and Linux. 
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2.2.4 Battery  
 

Operation:  

 A Device that consists of one or more electrochemical cells that converts stored 

chemical energy into electrical energy. It is either primary or secondary batteries: 

primary is the disposable batteries, while the secondary is the rechargeable battery. 

These electrochemical cells are also called voltaic cells because it provides a voltage 

once a chemical reaction happened between two unlike materials. These voltaic cells 

consists of two half cells connected in series by conductive electrolyte (solution of 

water and sulfuric acid) contains anions and cations. One half cells include the 

electrolyte and electrode to which -ve anions migrate (the anode), while the other held 

contains the electrolyte and the electrode to which +ve cations migrate (the cathode). 

Furthermore, the terminal voltage is the electrical driving force across the terminals of 

the cell that is measured in volts. The terminal voltage of a cell state can be charging, 

discharging and neither of each, which is an open circuit voltage. An ideal cell has 

negligible internal resistance. So it maintains a constant terminal voltage. However, in 

actual cells. The internal resistance increases under discharge and open circuit voltage 

also decreases under discharge. 
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Construction In electricity: 

Battery is one or more electrochemical cells that convert chemical energy in electrical 

form. It is simply store the electrical energy in a way that it can be harnessed easily, 

Batteries distinguish between each other by size, voltage, specific power, specific 

energy, voltage, and chemistry. It is designed to operate with one cell. Or it can be 

connected in series to generate more volts amount-Nowadays, the common 

rechargeable batteries uses are Lead Acid type. It consist of 30% sulfuric acid and 70% 

water at full charge state. Secondary batteries are rechargeable batteries with a 

discharging rate. They are recharged by applying an electrical current which reverse 

the chemical reaction that occurred during its use. Moreover, it's great to note that the 

output voltage depends only on the chemical in the cell, while the current capacity 

increases with larger sizes. 
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2.2.5 Fuel cells 
 

Operation:  

A fuel cell is an electrochemical gadget that combines hydrogen and oxygen to create 

energy, with water and hotness as its by-item. In its easiest structure, a solitary energy 

component comprises of two cathodes - an anode and a cathode - with an electrolyte 

between them. At the anode, hydrogen responds with an impetus, making a decidedly 

charged particle and an adversely charged electron. 

 

 

 

 

 

 

How does fuel energy cell work?  

The reason for a fuel cell is to create an 

electrical current that can be controlled 

outside the cell to do work, for example, 

fueling an electric engine or lighting up a 

light or a city. A fuel cell is similar to a 

battery. It has two cathodes where the 

responses occur and an electrolyte, which 

conveys the charged particles from one 

cathode to the next. Oxygen enters the fuel cell at the cathode and, in some cell sorts, 

it there consolidates with electrons coming back from the electrical circuit and 

hydrogen particles that have gone through the electrolyte from the anode. In other cell 

Figure 7: Fuel Cell Concept  

Figure 8: Fuel Cell Operation 
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sorts the oxygen grabs electrons and after that makes a trip through the electrolyte to 

the anode, where it consolidates with hydrogen particles. The electrolyte plays a key 

role. It must allow just the proper particles to pass between the anode and cathode. On 

the off chance that free electrons or different substances could go through the 

electrolyte, they would disturb the synthetic response. Whether they join at anode or 

cathode, together hydrogen and oxygen preform water, which come out of the cell. As 

long as fuel cell is supplied with hydrogen and oxygen, it will produce power. 

Even better, since fuel cells create electricity chemically, rather than by combustion, 

they are not subject to the thermodynamic laws that limit a conventional power plant 

(see “Carnot limit” in the glossary). 

 

Construction: 

 Types of Fuel Energy Cells: 

Fuel cells are a group of innovations that 

produce energy through electrochemical 

procedure, as opposed to ignition. There are 

numerous fuel cells types, yet the essential 

ones incorporate the soluble fuel cell (AFC), 

proton trade layer (PEM). Fuel cell, 

immediate methanol fuel cell (DMFC), liquid 

carbonate energy component (MCFC), 

phosphoric corrosive fuel cell (PAFC), and robust oxide fuel cell (SOFC). Various 

these fuel cell types industrially accessible today. 

 

 

Figure 9: Fuel Cell construction 
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1. Proton Exchange Membrane Fuel Cell (PEM): 

Electrolyte: Solid polymer membrane. 

Catalyst: Platinum is the most active catalyst for low-

temperature fuel cells 

Operating Temperature: Around 175-200 F 

Electrical Efficiency: 40-60 percent 

 

PEM fuel cells operate at relatively low temperatures, have high power density, and 

can vary output quickly to meet shifts in power demand. PEMs are well suited to power 

applications where quick startup is required, such as automobiles or forklifts. Single 

PEM units range from several watts to several kilowatts, and can be scaled into larger 

systems the largest to date is a 1 megawatt PEM stationary power plant. PEM systems 

are available today for a variety of applications, with sales focused in the 

telecommunications, data center and residential markets (primary or backup power), 

and to power forklifts and other material handling vehicles. PEM fuel cells are also 

used in buses and demonstration passenger vehicles major auto manufacturers 

anticipate the start of commercial fuel cell vehicle sales around 2014-2016. PEMs are 

fueled with hydrogen gas, methanol, or reformed fuels. 

 

2. High-temperature PEM (HT-PEM): 

Fuel cells are similar to PEM fuel cells, but operate at higher temperatures, between 

250⁰ F and 390⁰ F. HT-PEMs are often integrated with fuel reformers, permitting 

operation using wider variety of input fuels. HT-PEMs can be used to power vehicles 

as range extenders for batteries, and small-scale commercial buildings and homes. 

Figure 10: Proton Exchange Membrane 

Fuel Cell 
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3. Direct Methanol Fuel Cell (DMFC): 

Electrolyte: Solid polymer membrane 

Catalyst: Platinum is the most common 

Operating Temperature: Around 125-250 F 

Electrical Efficiency: Up to 40 percent 

 

DMFCs are similar to PEM fuel cells in that they both use a polymer membrane as the 

electrolyte. However, in DMFC systems the anode catalyst itself draws the hydrogen 

from liquid methanol, eliminating the need for a fuel reformer. The low operating 

temperature makes DMFCs attractive for miniature applications such as cell phones, 

laptops, and battery chargers for consumer electronics, to mid-size applications 

powering electronics on RVs, boats, or camping cabins. 

 

4. Alkaline Fuel Cell (AFC): 

Electrolyte: Potassium hydroxide solution in water 

Catalyst: Can use a variety of non-precious metal catalysts 

Operating Temperature: Around 225-475 F 

Electrical Efficiency: 60-70 percent 

NASA has used hydrogen-fueled AFCs on space missions since 

the 1960s to provide both electricity and drinking water. AFCs are poisoned easily by 

small quantities of CO2, and are thus deployed primarily in controlled aerospace and 

underwater environments. 

 

Figure 11: Direct Methanol Fuel Cell 

Figure 12: Alkaline Fuel Cell 
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5. Phosphoric Acid Fuel Cell (PAFC): 

Electrolyte: Liquid phosphoric acid ceramic in a lithium 

aluminum oxide matrix 

Catalyst: Carbon-supported platinum catalyst 

Operating Temperature: 350-400⁰ F 

Electrical Efficiency: 36-42 percent 

 

PAFCs can operate using reformed hydrocarbon fuels or biogas. Anode and cathode 

reactions are similar to PEMs, but since operating temperatures are higher, PAFCs are 

more tolerant of fuel impurities. PAFCs are frequently used in a cogeneration mode, in 

which byproduct heat is captured for onsite heating, cooling, and hot water (also called 

combined heat and power, or CHP). PAFCs are commercially available today with 

systems operating around the world at high-energy demand sites such as hospitals, 

schools, office buildings, grocery stores, manufacturing or processing centers, and 

wastewater treatment plants. 

 

6. Molten Carbonate Fuel Cell (MCFC): 

Electrolyte: Typically consists of alkali (Na & K) carbonates 

retained in a ceramic matrix of LiHO2 

Catalyst: High MCFC operating temperature permits the use 

of lower-cost, non-platinum group catalysts 

Operating Temperature: Around 1,200 ⁰ F 

Electrical Efficiency: 50-60 percent 

The high operating temperatures of MCFCs means that hydrocarbon fuels can be 

converted to hydrogen within the fuel cell itself (internal reforming). MCFCs are not 

Figure 13: Phosphoric Acid Fuel Cell 

Figure 14: Molten Carbonate Fuel 

Cell 
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prone to CO or CO2 empoisoning they can even use carbon oxides as fuel making them 

more attractive for fueling with gases made from coal. MCFCs are ideal for large 

stationary power and CHP applications, and are available as commercial products, with 

dozens of power plants deployed at food and beverage processing facilities, 

manufacturing plants, hospitals, prisons, hotels, colleges and universities, utilities, and 

wastewater treatment plants worldwide. 

 

7. Solid Oxide Fuel Cells (SOFC): 

Electrolyte: A solid ceramic, typically yttrium-stabilized 

zirconia (YSZ) 

Catalyst: High SOFC operating temperature permits the use of 

lower-cost, non-platinum group catalysts 

Operating Temperature: About 1,800⁰ F 

Electrical Efficiency: 50-60 percent 

High-temperature SOFCs are capable of internal reforming of hydrocarbons such as 

natural gas, but heavier hydrocarbons (gasoline, jet fuel) can be used, though they 

require an external reformer. There are two configurations of SOFC fuel cell systems: 

one type uses an array of meter-long tubes, and another uses compressed discs. Tubular 

SOFC designs are closer to commercialization and are being produced by companies 

around the world. SOFCs are suitable for large stationary applications, and are being 

deployed across the country at data centers, office buildings and retail stores. SOFCs 

are also being demonstrated for use as vehicle auxiliary power units and tested for small 

stationary applications, such as homes and apartments in the U.S., Japan, and Germany. 

2.2.6 Super capacitor 
 

Figure 15: Solid Oxide Fuel Cell 
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Supercapacitor: rated in farads, which is again thousands of times higher than the 

electrolytic capacitor. The Supercapacitor is ideal for energy storage that undergoes 

frequent charge and discharge cycles at high current and short duration. 

 

Figure 16: Different between Supercapacitors and Batteries 

 

The voltage behavior of Supercapacitor and batteries during charging/discharging 

differs clearly. Conventional capacitors are also called electrostatic capacitors. The 

potential (voltage) of a charged capacitor correlates linearly with the stored charge. 

Different from conventional capacitors electrochemical capacitors (Supercapacitor) 

consists out of two electrodes separated by an ion permeable membrane (separator), 

and electrically connected via an electrolyte. In this double-layer electrodes a mixture 

of a double-layer and pseudo capacitance is stored. If both electrodes have 

approximately the same resistance (#Internal resistance), the potential of the capacitor 

decreases symmetrically over both double-layers, whereby a voltage drop across the 

ESR of the electrolyte is achieved. The maximum potential across the capacitor, the 

maximal voltage, is limited by the electrolytes decomposition voltage. 
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Electrochemical capacitors (Supercapacitor) consist of: 

 Two electrodes separated by an ion permeable 

membrane (separator), and 

 An electrolyte electrically connecting both 

electrodes.  

 

When the electrodes are polarized with an applied voltage, ions in the electrolyte form 

electric double layers of opposite polarity to the electrode's polarity. For example, 

positively polarized electrodes will have a layer of negative ions form at the 

electrode/electrolyte interface along with a charge-balancing layer of positive ions 

adsorbing onto the negative layer. The opposite is true for the negatively polarized 

electrode. 

Additional, depending on electrode material and surface shape, also more or less some 

ions may permeate the double layer becoming specifically adsorbed ions and contribute 

with pseudocapacitance to the total capacitance of the Supercapacitor. 

 

Typical construction of a Supercapacitor: 

 1) Power source  

2) Collector 

 3) Polarized electrode  

4) Helmholtz double layer 

 5) Electrolyte having positive and negative ions 

 6) Separator. 

 

Figure 17: Supercapacitor Design 
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Figure 18: Typical construction of a supercapacitor 

 

Range of Supercapacitor: 

Both the electrostatic and electrochemical storage of energy in electrochemical 

capacitors are linear with respect to the stored charge, just as in conventional capacitors. 

The voltage between the capacitors terminals is linear with respect to the amount of 

stored energy. This linear voltage gradient differs from rechargeable electrochemical 

batteries, in which the voltage between the terminals remains independent of the 

amount of stored energy, providing a relatively constant voltage. 

 

Supercapacitors are: 

 Formerly electric double-layer capacitor (EDLC)) 

 High-capacity electrochemical capacitor with capacitance values up to 10,000 

farads at 1.2 volt 

 Bridge the gap between electrolytic capacitors and rechargeable batteries 

 They typically store 10 to 100 times more energy per unit volume or mass 

than electrolytic capacitors 

 Can accept and deliver charge much faster than batteries 

 Tolerate many more charge and discharge cycles than rechargeable batteries 
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 They are however 10 times larger than conventional batteries for a given 

charge 

 

Applications: 

Supercapacitors are used in applications requiring many rapid charge/discharge cycles 

rather than long term compact energy storage: within cars, buses, trains, cranes and 

elevators, where they are used for recovery energy from braking, short-term energy 

storage or burst-mode power delivery. Smaller units are used as memory backup for 

static random-access memory (SRAM). 

 

How to calculate Ah of a capacitor? 

Va.C/3600 = Ah 

Va = 0.5*(Vmin + Vmax) 

 

where 

C = capacitance in farad 

Ah= ampere hour  
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2.2.7 Inverters 
 

Operation: 

Inverter is an electronic device or circuitry that changes direct current (DC) to 

alternating current (AC). The inverter does not produce any power; the power is 

provided by the DC source. Inverters are used in many applications, as in situations 

where low voltage DC sources such as batteries, fuel cells, or solar panels must be 

converted so that devices can run of AC power. An inverter can produce a square wave, 

modified sine wave, pulsed sine wave, or sine wave depending on circuit design.  

There are two basic designs for producing household plug-in voltage from a lower-

voltage DC source, the first of which uses a switching boost converter to produce a 

higher-voltage DC and then converts to AC. The second method converts DC to AC at 

battery level and uses a line-frequency transformer to create the output voltage.  

In one simple inverter circuit, DC power is connected to a transformer through the 

center tap of the primary winding. A switch is rapidly switched back and forth to allow 

current to flow back to the DC source following two alternate paths through one end of 

the primary winding and then the other. The alternation of the direction of current in 

the primary winding of the transformer produces alternating current (AC) in the 

secondary circuit. Transistors and various other types of semiconductor switches have 

been incorporated into inverter circuit designs. A simple inverter circuit shown in the 

figure with an electromechanical switch and automatic equivalent auto-switching 

device implemented with two transistors and split winding autotransformer in place of 

the mechanical switch. 

 

Construction: 

Modified sine-wave inverters: 

http://en.wikipedia.org/wiki/Electromechanical_switch
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The output of a modified square wave inverter is similar to a square wave output except 

that the output goes to zero volts for a time before switching positive or negative. It is 

quite simple to design and it is compatible with most electrical equipment, except for 

sensitive or specialized equipment. Most AC motors can run on this power source but 

with reduction in efficiency of approximately 20%. 

 

Sine-wave inverters: 

A pure sine wave inverter is the best form of inverter as it produces perfect sine wave 

and the energy dissipation in it is minimal. Pure sine wave inverter is compatible with 

all electrical devices. Its designing is complicated as compared to all other inverters. 

Square wave inverters: 

The square wave output has a high harmonic content, not suitable for certain AC loads 

such as motors or transformers. Square wave units were the pioneers of inverter 

development. 

 

Figure 19: Sine, Modified Sine, and Square Wave Inverters 

 

Three-Phase Inverter: 
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A single phase inverter consists of two switches, one from the positive DC rail tied to 

a common node and one from the negative DC rail tied to the common node. A three-

phase inverter is a combination of three single-phase inverters along with 

synchronization so that the three phase voltages are separated by 120 degrees. 

 

Figure 20: Conventional three-phase voltage-souce inverter 

 

Grid-Tie Inverters: 

Available in sizes from 1.8 to 500 kW, Grid interactive (or grid-tie) inverters are used 

to change the energy derived from a solar or wind power system directly to AC power 

that may be returned to the mains or utility.  When the solar or wind power system 

produces more power than that which is being consumed at the location where it is 

installed, the excess electricity is sent to the utility.  Alternatively when more power is 

needed than the renewable energy system can supply, the utility makes up the 

difference.  

 

Figure 21: Grid Tie Inverter 
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2.2.8 Converters 
 

Operation: 

A DC-to-DC converter is an electronic circuit, which converts a source of direct current 

(DC) from one voltage level to another. It is a class of power converter. Most DC-to-

DC converters also regulate the output voltage. DC-to-DC converters developed to 

maximize the energy harvest for photovoltaic systems and for wind turbines are called 

power optimizers. There are many different types of DC-DC converter, each of which 

tends to be more suitable for some types of application than for others.  

 

Construction:  

Boost Converter: 

A boost converter (step-up converter) is a DC-to-DC power converter with an output 

voltage greater than its input voltage. The basic schematic of a boost converter (the 

switch is typically a MOSFET, IGBT, or BJT) is shown in the figure. 

 

Buck Converter: 

A buck converter is a voltage step down and current step up converter. Buck converter 

circuit diagram is shown below. 

 

Buck-Boost Converter: 

The buck–boost converter is a type of DC-to-DC converter that has an output voltage 

magnitude that is either greater than or less than the input voltage magnitude. The basic 

schematic of an inverting buck–boost converter is shown in the figure below. 

 

Operation of Buck-Boost Converter: 
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While in the On-state, the input voltage source is directly connected to the inductor. 

This results in accumulating energy in the inductor. In this stage, the capacitor supplies 

energy to the output load. While in the Off-state, the inductor is connected to the output 

load and capacitor, so energy is transferred from inductor to capacitor and resistor. 

The two operating states of a buck–boost converter: When the switch is turned on, the 

input voltage source supplies current to the inductor, and the capacitor supplies current 

to the resistor (output load). When the switch is opened, the inductor supplies current 

to the load via the diode. 

 

Figure 22: Operation of Buck-Boost Converter 
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2.2.9 Switches  
 

Operation: 

Switch is an electrical component that can break an electrical circuit, interrupting the 

current or diverting it from one conductor to another. Switches can be divided into 

manual switches and automatic (electronic) switches. 

An electronic switch is essentially a switch that uses an electrical current to turn on, 

and usually turning off when the current is turned off. In some applications of switches, 

it is preferred to use an electronic switch over a manual switch, where it can be quite 

inconvenient for someone to go and press a button to turn on or off.  

A relay is a device that uses an electromagnet to mechanically pull two connections 

together to complete a circuit. The main operation of a relay comes in places where 

only a low-power signal can be used to control a circuit. It is also used in places where 

only one signal can be used to control a lot of circuits. 

 

Figure 23: Outer Structure of a Relay 

 

Figure 24: Inner Structure of a Relay 
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2.2.10 Current Sensor 
 

Operation: 

 
A current sensor is a small device that can detects and converts current to an easily 

measured output voltage, and it will be which is proportional to the current through 

across the measured path.  

As we know when a current flows through in a circuit across a wire or in a circuit, 

voltage drop occurs happens. Moreover a magnetic field will be is generated 

surrounding the current carrying conductor. Both of these phenomena facts are made 

use of in the design of current sensors. Thus, there are two types of current sensing: 

direct and indirect. Direct sensing is based on Ohm’s law, while indirect sensing is 

based on Faraday’s and Ampere’s law. 

Direct Sensing involves measuring the voltage drop associated with the current passing 

through passive electrical components. 

Indirect Sensing involves measurement of the magnetic field surrounding a conductor 

through which current passes. 

Generated magnetic field is then used to induce proportional voltage or current that is 

then transformed to a form suitable for measurement and/or control system. 

 

 
Figure 25: Current Sensor 
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Description: 

 

In our project we used This Current Sensor module, which consist of AC712, which is 

fully integrated, based on a low resistance current conductor and linear current sensor 

IC with 2.1 kVRMS isolation. The current sensor is able to measure both DC and AC 

currents up to 30A. This current sensor can be directly connected with 5V 

microcontrollers having Analog to Digital Converter module. 

 

Features: 

 Capable to Measure Current up to ±30A 

 Low Noise Analog Signal Path 

 Ratiometric Output from the supply voltage 

 Almost Zero Magnetic Hysteresis 

 AC and DC Current Sensing 

 Extremely Stable Output Offset Voltage 

 Factory Trimmed for Accuracy 

Specifications: 

 

Maximum Sensing Current ±30A 

Supply Voltage 5V 

Maximum Supply Current 13mA 

Output Voltage during no Current Detection VCC / 2 

Sensitivity 66mV / A 

Table 2: Specifications of Current Sensor 
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2.2.11 Voltage Sensor 
  

Description: 

A device that sensing and measuring the voltage, this device is based on resistive 

voltage divider principle, Arduino analog input voltages up to 5 v, the voltage detection 

module input voltage not greater than 5Vx5=25V (if using 3.3V systems, input voltage 

not greater than 3.3Vx5=16.5V). Arduino AVR chips have 10-bit AD, so this module 

simulates a resolution of 0.00489V (5V/1023), so the minimum voltage of input voltage 

detection module is 0.00489Vx5=0.02445V. 

 

Figure 26:Voltage Sensor 

Specification: 

Voltage input range DC0-25 V 

Voltage detection range DC0.02445 V-25 V 

Voltage analog resolution 0.00489 V 

Table 3: Specifications of Voltage Sensor 

 

DC input interface: red terminal positive with VCC, negative with GND 
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2.3 Specifications and Features   

 

2.3.1 Overall expected functionality 

 

In this capstone " Smart DC micro grid”, solar panels will feds battery so the 

battery can supplies all the loads, cortical and non-cortical. The microcontroller 

“Arduino Uno" connect with specific sensors that will sense the voltage and the current; 

depending on this measurement the arguing will send the orders for the relays to switch 

on or off. The battery and the diesel engine will send data to the microcontroller, based 

on this data the Arduino will check if the battery needs to be charged or no, and if we 

need to turn on the diesel engine. The battery should be not exceeded 20% to feeds all 

the loads.   
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2.3.2 Expected feature 

 

Arduino Uno: 

The microcontroller Arduino Uno will receive all the information and the data coming 

from the source and sending the order to relays. 

 

Battery: 

It’s considered as storage for the electricity that comes from the solar panel and the 

fuel cells. And it's act like the main supply for all the lads in this project. 

 

Solar panel: 

These panels convert the solar Energy from the sun to an electrical energy that we can 

use it as renewable energy, and it’s the main power supply sources. 

 

Diesel engine: 

The diesel in this project will work as backup in emergency case for the whole 

system. The engine works by ignition system starts. The fuels react with the air inside 

the tank, as result for the reaction the piston will move. And this will produce 

electrical energy. 

 

Voltage and current sensors: 

The voltage sensor is a device that sensing and measuring the voltage, this device is 

based on resistive voltage divider principle. The current sensor it device that can 

detects and converts current to an easily measured output voltage, and it will be which 

is proportional to the current through across the measured path. 
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2.3.3 Expected specification 
 

I. Arduino UNO 

 

 

Microcontroller 

 

ATmega328 

 

Operating Voltage 

 

5V 

Input Voltage (recommended) 

 

7-12V 

Input Voltage (limits) 

 

6-20V 

Digital I/O Pins 

 

14 (of which 6 provide PWM output) 

 

Analog Input Pins 

 

6 

DC Current per I/O Pin 

 

40mA 

DC Current for 3.3V Pin 

 

50mA 

Flash Memory 

 

32 KB of which 0.5 KB used by bootloader 

 

SRAM 

 

2 KB 

 

EEPROM 

 

1 KB 

 

Clock Speed 

 

16 MHz 

 
Table 4: Expected specification of Arduino UNO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. Solar panel 
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Maximum Power: 100W 

Optimum Operating Voltage (Vmp): 17.5 V 

Optimum Operating Current (Imp) 5.71V 

Open Circuit Voltage (Voc): 24 V 

Short Circuit Current (Isc): 6.32A 

Size 30X90 

Table 5: Expected specification of Solar Panel 

III. Diesel Engine  

a. Genset Model 

·       C20 D6, 20kW Standby, 18kW Prime, 20kW Standby, 18.1kW Prime, 

X2.5G4, Diesel, Enclosed Emergency Standby Power (ESP) 

·       Emissions Level: No Certification 

·       Local Codes and/or Regulation: None 

·       Output Voltage: 220/127, 3 Phase, Wye, 4 Wire 

b. Engine 

·       X2.5G4 

·       Engine Air Cleaner - Duty Rating: Heavy Duty 

·       Engine Oil Heater: None Supplied 

·       Engine Speed Governing: Isochronous Electronic Governor 

·       Engine Coolant Heater: None Supplied 

 

 

 

c. Main Generator 
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·       PI144D, 12 Leads, 60 Hertz (Hz), 220V, 150C, Emergency Standby Power 

(ESP) 

·       Generator Accessories 

·       Voltage Regulator - Torque Match 

·       Main Generator Heater: None Supplied 

d. Cooling System 

·       Genset Mounted Radiator, 50C / 122F, Genset Mounted 

·       Engine Coolant Mixture: 50% Antifreeze, 50% Water 

e. Primary Electrical Isolation Device 

·       One Circuit Breaker 

f. Primary Electrical Isolation Device 

·       80A MCB, 440V IEC, 4 Pole, 100%, Left 

g. Entrance Box / Terminal Housing 

·       Cable Entrance Box Required: None Supplied 

h. Control System Options 

·       Power Command 1.1 

·       Control Panel Mounting (Viewed From Generator End) : Left Facing 

·       Control Language: English 

·       Warning - Low Battery Voltage 

·       Shutdown - Low Coolant Level 

·       Display - Control LCD 
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·       Emergency Stop Switch - External 

·       Control Cabinet Heater : None Supplied 

i. Starting Batteries 

·       Pure Lead-Tin Thin Plate Valve Regulated Lead-Acid (VRLA) Battery - 

Maintenance Free 

j. Battery Charger 

·       None Supplied 

k. Fuel Tank 

·       In Skid, Single Wall, 150 Litters / 40 US Gallons, With Spillage Catchment 

·       Fuel Tank Accessories 

·       Fuel Level Alarms: Warning 

·       Warning Type: Low Fuel Level 

·       Fuel Fill: Without Valve 

l. Genset Testing 

·       Genset Testing: Standard Factory Test 

·       Test Records: Certified Test 

 

 

 

 

IV. Battery 
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Voltage  Current  

12v 1.2Ah 
Table 6: Specification of Diesel's Battery 

V. rosnesa latloV 

Voltage input range DC0-25 V 

Voltage detection range DC0.02445 V-25 V 

Voltage analog resolution 0.00489 V 
Table 7: Specification of Diesel's rosnes egatloV 

 

VI. roVVatn natloV 

Maximum Sensing Current ±30A 

Supply Voltage 5V 

Maximum Supply Current 13mA 

Output Voltage during no Current Detection Vcc / 2 

Sensitivity 66mV / A 
Table 8:  Specification of Diesel's rosnes tnerruC 
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2.4 Hardware block diagram   
  

 

 

 

 

 

 

 

 

 

 

 

2.4.1 Description: 

Smart DC Microgrid is one of the most complicated systems that demand a lot of 

analysis to reach the optimal level. The figure above includes different blocks with 

different functions and tasks. According to the figure we are going to start with the 

inputs such as: Solar panels, Fuel cells, Diesel engine, Current sensor, Voltage sensor, 

Sun intensity, Battery voltage and Fuel level. 

  

Figure 27: Smart DC Microgrid Hardware 
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2.4.2 System’s inputs: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the figure above it shows the system’s inputs, it will take the input power from solar 

panels and deliver it to the loads during the day and if the input power is more than 

what the load needs it will send the input power to the charger to charge the battery and 

if the voltage sensor sensed that the battery is full it will switch to supercapacitor and 

charge it. On the other hand, if there’s no solar energy and both battery and 

supercapacitor, loads going to be supplied from the diesel engine and if there’s no fuel 

and it’s out of order, fuel cells will be supplying the critical load as a final option.   

Figure 28: Smart DC Microgrid Inputs 
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Furthermore, the other sensors will be used for the troubleshooting purposes, e.g. if 

there are problems in the solar panel the system will have the ability to identify the 

problem, whenever the sun intensity readings is not matched with the input energy 

that is read by the voltage and current sensors. Also the fuel level sensor is used to 

sense the fuel level in the diesel engine. Since we have inputs we also have outputs 

and the figure below illustrate that. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

        The loads here divide into two categories: AC Load and DC Load and since our 

system working on DC we are going to have an invertor connected with the AC load 

to convert the incoming current from DC to AC so it can feed our load. 

 

 

 

  

Figure 29: Smart DC Microgrid Outputs 
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2.5 Software dataflow diagram   

 
Figure 30: Software dataflow diagram 1 

 

 
Figure 31: Software dataflow diagram 2 

 

Description: 

 

 In the software design it start by sensing what energy source is available to supply the 

different loads, it start by checking if there’s solar energy then battery, supercapacitor, 

diesel engine and the last option is fuel cell. The priority comes to the less expansive 

source because the main purpose of this system is less cost and environment friendly. 

Another method is that the energy sources charge the battery till it reaches its maximum 

and supply the loads directly from it.  
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Chapter 3 Simulation and Coding 

 

3.1 MATLAB simulation: (DANA & MAHA) 
--Description for  the matlab 

--the system 

--write the code block diagram for each  

-- show the simulation for each (solar, Arduino, fuel cell , diesel, super castor inverts , 

converts dump load and battery)( Dana And Maha)  
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3.2 The system modeling  

 

 

 

 

Figure 32: The Container 

Figure 33: Solar Panel 
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Output Voltage 24V 

Output Current 10 A 

Output Power 100W 

Weight  8K 

Table 9: Solar Panel System Modeling 

 

 

 

 

 

 

 
 
 
 
 
 

Output Voltage 12V 

Output Current 0.36A 

Output Power  

Ampere per Hour  1.2 Ah 

Weight  1.5K 

Table 10: Battery System Modeling 

 

Figure 34: Battery 
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3.3 Testing verification and validation   

Solar Panel:  

First to test the output voltage that comes from the solar panel we can test it using 

Multimeter, same with the current sensor. Moreover, other elements such as the sun 

condition and direction angle. We need to make sure that the solar panel is fully 

disconnected to be able to test its performance and connect the solar to the battery in 

one terminal to check the current. Also, the current readings will be low when the 

battery is full.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 35: Solar Output Voltage 
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Cut-off Circuit: 

Since the battery will be connected directly to the energy sources it needs to be 

protected when it’s fully charged and stops accepting extra energy because over 

charging the battery will damage it. 

What the cut-off circuit will do is cut the voltage from the battery when it’s fully 

charge. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36: Cut-Off Circuit 
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THE CODE FOR CUT-OFF CIRCUIT: 
 
/* 

  ReadAnalogVoltage 

  Reads an analog input on pin 0, converts it to voltage, and prints the result to the 

serial monitor. 

  Attach the center pin of a potentiometer to pin A0, and the outside pins to +5V and 

ground. 

  

 This example code is in the public domain. 

 */ 

 

// the setup routine runs once when you press reset: 

void setup() { 

  // initialize serial communication at 9600 bits per second: 

  Serial.begin(9600); 

  pinMode(10,OUTPUT); 

} 

 

// the loop routine runs over and over again forever: 

void loop() { 

  // read the input on analog pin 0: 

  int sensorValue0 = analogRead(A0);    // analog reading for the battery 

  int sensorValue1 = analogRead(A1); 

  // Convert the analog reading (which goes from 0 - 1023) to a voltage (0 - 5V): 

  float voltage0 = sensorValue0 * (25.2 / 1023.0); 

  float voltage1 = sensorValue1 * (25.2 / 1023.0); 

  // print out the value you read: 

  Serial.println(voltage0); 

  Serial.println(voltage1); 

  Serial.println(); 

  //delay(100);   

   

 if(voltage0<12.3){ 

 digitalWrite(10,HIGH);  // Off the solar panel path. 

 } 

   

} 

 

 

 

 

 



       [Type text] 

 

SMART MICROGRID    

 

77 

SPRIN2015 

Buck-Boost Test: 

 

A separate test for each component is mandatory to check whither the component is 

working fine as we are expecting or not. A buck-boost test was made to check the 

efficiency of it. Our buck-boost regulates the voltages to 12V. 

 

The buck–boost converter is a type of DC-to-DC converter that has an output voltage 

magnitude that is either greater than or less than the input voltage magnitude. It is 

equivalent to a flybackz converter using a single inductor instead of a transformer. 

 

 

 

 

 

 

 

 

In this picture a search for this specific buck-boost was made to have a complete idea 

about its specifications and the input and output terminals. 

 

Figure 38: Buck-boost Search 

Figure 37: Buck-Boost Converter 
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In this picture we used the function generator to give an input voltage to the buck-boost. 

Also, Multimeter was used to check the input and output voltages of the buck-boost 

terminals. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39: Buck-Boost Converter Testing 

 

A variations to the voltage were made using the function generator to check whither 

the voltage will be regulated to 12V as it suppose. 

 As a result, as seen in the previous picture, when we gave an input of 8V, we got a 

value near to 12V as shown in the Multimeter, which is 12.36V. 
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Current Sensor Testing: 
 

In testing the current sensor we need to know the current that the sensor it can handle 

by connecting the Arduino to the current sensor. Voltage sensor works same as 

current sensor. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40: Current sensor testing 
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The Code for Testing Current and Voltage Sensor Using Ardiuno: 
 

/* 

AnalogReadSerial 

  Reads an analog input on pin 0, prints the result to the serial monitor. 

  Attach the center pin of a potentiometer to pin A0, and the outside pins to +5V and 

ground. 

 

 This example code is in the public domain. 

 */ 

 

// the setup routine runs once when you press reset: 

void setup() { 

  // initialize serial communication at 9600 bits per second: 

  Serial.begin(9600); 

} 

 

// the loop routine runs over and over again forever: 

void loop() { 

  // read the input on analog pin 0: 

  int sensorValue = analogRead(A0); //convert the analoag reading (0-1024)to a 

voltage (0-5V) 

  //print out the value you read: 

  Serial.println(sensorValue - 512); //subtracting 512 to get the actuate  reading of the 

voltage  

   

  delay(1); //delay in between reads for stability 

} 
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Figure 41:Current sensor testing code 

  

Figure 42: Current sensor testing results 
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3.4 overall connection 
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3.5 project cost 

Item Quantity Price Picture  

Relays 

(single) 

4 25SR 

 
Relays 

(double) 

2 35SR 

 
Ardiuno 

Mega 

1 200SR 

 
Solar Panel 1 400SR 

 
Buck-boost 4 569SR 

 
Voltage 

sensor 

4 59.85SR 
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Current 

sensor 

4 134.7SR 

 
Battery 1   

Wire 

terminal 

Assortment 

1 48.7SR 

 
LCD 1   

Wood 3   

Light bulb    

    
Table 11: Project Cost 
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Chapter 4 Tasks 

 

4.1  Task distribution  
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4.2 Timeline task 

 

 

 

 

 

 

 

  

Report 

Risk Assessment  27-Feb-15 

Feasibility Study  24-Apr-15 

Simulation  5-May-15 

Project Cost  30-Apr-15 

Conclusion 6-May-15 
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Chapter 5 Conclusion 

 

 

In conclusion, this report is the second and final part of the capstone for 

Electrical and Computer Engineering in the bachelor degree, which is considered as the 

implementation of the first capstone part (the proposal) that has been done during the 

last semester.  Our project that was based on mixing various different ideas to create 

one big idea, which is the Smart DC Microgrid, was finally completed. Those ideas 

consists of having Renewable Energy sources, combustion engines, storages, electrical 

components, and controllers all combined into one project. It will be considered one of 

the biggest and important achievements in Saudi Arabia due to the availability or Solar 

Power and the need of going green by renewable energy. 

The design began with selecting an appropriate topology since the model of the 

Smart DC Microgrid was well defined and calculations were performed to size the 

components. With calculated values, simulations allowed the performance of the 

Arduino controller to be optimized. Finally, layout was performed to examine the 

physical hardware of the project. 

As each project has its own problems and difficulties and does not lack of them, 

we faced many in our project such as the limitation of time, sizing, calculating values, 

ordering equipment, circuit designing, and simulation difficulties. Despite all this, we 

have learned various new lessons, information, and methods that we did not know 

anything about or we did not thought it’s that much challenging until we had to 

implement it. 

Overall, the objectives of the project were met. The design process of Smart DC 

Microgrid was examined in a group setting. As well, experience was gained in the use 
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of electrical components such as inverters, converters, relays, and regulators tools to 

design and simulate the DC bus line. Finally, the Smart DC Microgrid was designed to 

meet specifications of both critical and non-critical loads.   
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Chapter 7 Appendices 

 

 

7.1 Arduino 
 

 

The Arduino Uno is a microcontroller board based 

on the ATmega328 .It has 14 digital input/output 

pins (of which 6 can be used as PWM outputs), 6 

analog inputs, a 16 MHz ceramic resonator, a USB 

connection, a power jack, an ICSP header, and a 

reset button. It contains everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with a AC-to-DC adapter or 

battery to get started. 

 

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 

1.0. The Uno and version 1.0 will be the reference versions of Arduino, moving 

forward. 
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Microcontroller ATmega328 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 32 KB (ATmega328)  

SRAM 2 KB (ATmega328) 

EEPROM 1 KB (ATmega328) 

Clock Speed 16 MHz 

 

Power 

The Arduino Uno can be powered via the USB connection or with an external power 

supply. The power source is selected automatically. External (non-USB) power can 

come either from an AC-to-DC adapter (wall-wart) or battery. 

The power pins are as follows: 

 

- VIN. The input voltage to the Arduino board when it's using an external power source 

(as opposed to 5 volts from the USB connection or other regulated power source). You 

can supply voltage through this pin, or, if supplying voltage via the power jack, access 

it through this pin. 
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- 5V.This pin outputs a regulated 5V from the regulator on the board. The board can 

be supplied with power either from the DC power jack (7 - 12V), the USB connector 

(5V), or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins 

bypasses the regulator, and can damage your board. We don't advise it. 

 

- 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw 

is 50 mA. 

 

- GND. Ground pins. 

 

- IOREF. This pin on the Arduino board provides the voltage reference with which the 

microcontroller operates. A properly configured shield can read the IOREF pin voltage 

and select the appropriate power source or enable voltage translators on the outputs for 

working with the 5V or 3.3V. 

 

Memory 

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB 

of SRAM and 1 KB of EEPROM 

 

Physical Characteristics 

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, 

with the USB connector and power jack extending beyond the former dimension. Four 

screw holes allow the board to be attached to a surface or case. Note that the distance 

between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil 

spacing of the other pins. 
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7.2 Fritzing    
 

Fritzing is a software program to help designers translate their 

prototypes into real products. Created at the University of 

Applied Sciences, Potsdam, the software is an open source software tool. It runs on 

Linux, Mac OS X and MS Windows. 

The software program allows designers and other professionals to record their 

prototypes created for various circuits and design corresponding PCBs. You can use 

the company website to communicate your ideas and drafts with other individuals. 

Others may create electronic items based on your prototypes. This concept of sharing 

helps reduce production costs.  

One of the great advantages of Fritzing is amateur electronics enthusiasts can design 

circuits and build PCBs suited to their needs. All the gear needed is available from the 

Fritzing store. 

The Fritzing software company provides a service called the Fritzing Fab. You will 

have to upload your file, place your order and make the payment. At the time of placing 

your order, you can request extra services like punching holes for mounting the board. 

The company will deliver your printed circuit board in about two weeks. 

To understand Fritzing, it is important to know something about Breadboard View, 

Schematics View, and Printed Circuit Boards View.  

 

Breadboard View – Fritzing can present your circuit in 

breadboard view, making it easy to visualize how components 

will fit together and be wired together. Fritzing has a vast library of parts to represent 

all major components in the Breadboard view. 
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Schematic View – This is the traditional view of the circuit as 

represented in books. Fritzing has a large library of schematic parts to build up the 

Schematic View. 

  

Printed Circuit Board View – A printed circuit board (PCB) consists 

of electronic components connected electrically on copper tracks 

laminated on a non-conducting substrate. This view is necessary to fabricate the PCB 

for the circuit. 

 

7.3  MATLAB System 

The MATLAB system consists of five main parts: 

 The MATLAB language. 

This is a high-level matrix/array language with control flow statements, functions, data 

structures, input/output, and object-oriented programming features. It allows both 

"programming in the small" to rapidly create quick and dirty throw-away programs, 

and "programming in the large" to create complete large and complex application 

programs. 

 

 The MATLAB working environment. 

This is the set of tools and facilities that you work with as the MATLAB user or 

programmer. It includes facilities for managing the variables in your workspace and 

importing and exporting data. It also includes tools for developing, managing, 

debugging, and profiling M-files, MATLAB's applications. 
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 Handle Graphics. 

This is the MATLAB graphics system. It includes high-level commands for two-

dimensional and three-dimensional data visualization, image processing, animation, 

and presentation graphics. It also includes low-level commands that allow you to fully 

customize the appearance of graphics as well as to build complete Graphical User 

Interfaces on your MATLAB applications. 

 

 The MATLAB mathematical function library. 

This is a vast collection of computational algorithms ranging from elementary functions 

like sum, sine, cosine, and complex arithmetic, to more sophisticated functions like 

matrix inverse, matrix eigenvalues, Bessel functions, and fast Fourier transforms. 

 

 The MATLAB Application Program Interface (API). 

This is a library that allows you to write C and Fortran programs that interact with 

MATLAB. It include facilities for calling routines from MATLAB (dynamic linking), 

calling MATLAB as a computational engine, and for reading and writing MAT-files. 




