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Abstract 
 

Due to the rising in lifestyle services, energy demands are growing really fast. Therefore, 

it might sound costly to the government and specially if we encounter some power losses. By 

that, we decided to introduce a new requirement aspect management (DSM) theme for the 

autonomous DC microgrid. This theme holds management algorithms that let's say move the 

deferrable load from non-sunny hours to sunny hours and reduces the stress throughout non-

sunny hours. As a result, by this way we achieve the required balance and lower the load upon 

the DC microgrid and increase its efficiency by using the energy more efficiently. In order to 

use this method, we want to possess the subsequent parts; a renewable energy supply (solar 

panels) connected to an AC/DC converter, microcontroller, battery, sensors & current sensors, 

relays and loads (devices like LED, tv, etc..). the system works as follows; we get the energy 

supply from the solar panels, goes through the power converters to charge the battery and 

directly connected to some sensors and relays to end with the load devices. During this 

procedure we might encounter the power losses during the battery charging and discharging 

process. Besides by using the DSM it decreases the battery by either charging or discharging 

the cycles. As a result, it reduces the ability losses within the battery and improves system 

potency. And it additionally ends up in clear load shifting in order that we have a tendency to 

get a big reduction within the system price. 

Key Words: DSM, Battery, Energy, Power, Renewable, Sensors, Services, and 

System Efficiency 
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1 CHAPTER 1: INTRODUCTION 
 

1.1 Introduction   

 

The projects idea in terms of the problem statement, objectives, significance and 

definitions are presented in this chapter. The chapter also includes Benefits, Opportunities, 

Costs and Risks analysis which is known as the BOCR analysis that is significant to evaluate 

for the project before going into other chapters.  

1.2 Background  

 

Energy demand management or in another name, Demand Side Management, which is 

known as the DSM, is the qualification of consumer demand for energy throughout many 

different procedures. In the past, the American electric power industry depends mainly on the 

outside energy imports, sometimes in forms of consumable electricity or fossil fuels which 

were consumed in order to generate electricity.  

In 1970's, which was during the time of the energy crises, the federal government passed 

the Public Utility Regulatory Policies Act (PURPA), where they aimed decrease the 

dependence on foreign oil and to develop the energy efficiency and other alternatives of energy 

sources. This action led utilities to provide the less costing power that they could obtain from 

independent power creators. It also encouraged renewables and promoted the utility to decrease 

the amount of power used. Not only that, but also promoting new plans for energy efficiency 

and demand management. DSM (demand side management) became known and started to be 

promoted during the energy crisis, which was not very long ago in 1973 and 1979. Many 

governments of various countries edited performances of several organizations for demand 

management. An example from the past, where the National Energy Conservation Policy Act 

of 1978 in the U.S., went before by comparable activities in California and Wisconsin. The 

Demand side management (DSM) was established publicly around 40 years ago in the 1980s 

by the Electric Power Research Institute (EPRI). Today, the DSM robotics became highly 

realizable because of the we have many developed information, communication's technology 

and various power systems, which are in new like the integrated demand-side management 

(IDSM). Choosing DSM for power supply may vary from a customer to another depending 

what reason they have for selecting a certain DSM activity. Some of these would be 

environmental, economic, marketing or maybe regulatory. Economically, customer energy 

bills decrease, and electricity prices peak. Also, a reduction in the need for new power plants, 
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transmission and distribution, it reduces the amount of air pollution in the environment as well. 

Stimulation of economic development; long-term job growth and development to new 

inventions and technologies; Marketing wise, it will improve local enterprises' 

competitiveness; and reduce reliance on foreign energy sources. 

1.3 Problem Statement  

 

Kuwait has been subjected to one of the biggest air pollutions in the region. The burning 

of oil wells from the Iraqi invasion in early 90s led too many environmental disasters. 

Furthermore, Kuwait is considered as a small country comparing to two other countries around 

the region of the Gulf. However, the consumption of energy in the country during the summer 

is triple the amount of energy consumed in larger countries. Most of the electrical energy being 

produced in Kuwait is thermal energy through burning of oil and leads to environmental 

pollution. This project idea will help in saving energy and introduce the effectiveness of solar 

energy in domestic applications. Moreover, the proposed idea will ease the burden on the 

centralized power generation in Kuwait. 

1.4 Aims and Objectives of the Project  

 

The main project objectives are as follows: 

▪ To make a lot of easy use of the voltage and take a look at the consumption of the 

battery 

▪ Allowing the preparation of standby power electrical loads 

▪ To allow the benefits to reduce their system's peak energy requirement related graduated 

build and improved load demand profile 

▪ A cost-effective program for their customers who are part of this approach 

▪ Modifying user's node schedules 

▪ Reducing the value of energy by controlling the power usage of equipment 

▪ Significant decrease of electricity prices by planning low-value hour energy utilization 

(off peak times) 

▪ Solving the uncertainties of hundreds of completely various forms and decreasing 

electricity expenses 

▪ To strengthen the advance a mobile application that can monitor the project 

definition of the presented computer 
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1.5 Significance, Scope and Definitions  

 

The significance and importance of the projects idea and paving the way of how 

technology will exceed and manifest itself into a simple and an obvious technology that can 

help in saving the environment and taking advantages for its mankind benefit without causing 

harm and reducing. Once more the scope of the project is to form a system that converts the 

energy without losing efficiency of the energy. The project’s idea is defined as a type of a 

project that interacts with the system for saving energy.  

1.6 BOCR Analysis 

 

This section, it represents the BOCR analysis that includes the benefits, opportunities, 

costs, risks of the project and it is as shown in Table 1.1.  

Table 1.1: BOCR Analysis 

Benefits  Opportunities  

▪ Learning to be punctual and turn off 

completing each task of the report  

▪ The availability of open-source projects  

▪ improving skills and experience of 

group members  

▪ High quality of components for both 

hardware and software  

▪ Increasing demand refusing renewable 

energy  

▪ Convenience of using the prototype in 

different places and fields  

▪ chance to be recognized worldwide  

Costs  Risks  
▪ Some of the components are expensive 

you to the lock down  

▪ Overall cost of the project is affordable 

for users  

▪ International competitors  

▪ Delay in shipments of components due 

to the coronavirus locked down  

▪ Difficult to test the project without labs  

▪ Time constrained  

 

1.7 Report Outline  

 

This report consists of six chapters and it is divided as follows:  

▪ Chapter 1:  

In this chapter, it introduces the idea of the project and the benefit of developing it along 

with the main aims and objectives of it. 

▪ Chapter 2:  

In chapter 2, it represents the outcomes from researching and similar projects that is 

already developed in the past years. In addition, the different ways of implementing the 

project idea can be used as a way to the development toward better enhancements.  
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▪ Chapter 3:  

Chapter 3, that discusses the design analysis it explains the approach that is used to 

implement the idea of the project including the components that would be purchased 

for the implementation of the prototype. 

▪ Chapter 4:  

In chapter 4, it is based on the previous chapter and it works on combining all the 

hardware and software components to implement the prototype of the project.  

▪ Chapter 5:  

It presents the evaluation of the project by conducting interviews along with an online 

survey that will show us people’s knowledge on the proposed project idea. 

▪ Chapter 6:  

The last chapter concludes the overall project. In addition, the future plans of the project 

that can be used for better enhancement of the prototype.  

1.8 Conclusion  

 

The main aims and objectives of the project has been explained and introduced. In 

addition, problem statement was explained along with the significance, scope, and definitions. 

Moreover, the organization of the remaining report is given.  
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2 CHAPTER 2: LITERATURE REVIEW 
 

2.1 Introduction   

 

This chapter primarily focuses on the review of existing research and studies that are 

similar and have the same concept as this project. However, they may differ in a way of 

implementation, algorithm and components being used. At the end of this chapter a comparison 

table between the existing projects and the proposed project is presented.  

2.1.1 A Review on Energy Management, Operation Control an Application Methods 

for Grid Battery Energy Storage Systems [1] 

 
Figure 2.1: BESS Monitoring Architecture [1] 

This paper proposed the development of the BESS which is known as the “Battery Energy 

Storage System” and monitoring technology applications. In Figure 2.1, the architecture of the 

BESS that establishes a communication link with remote regulation system, receive scheduling 

commands, and performs energy management according to the ESS unit information collected 

by the local monitoring system. This paper also included a thorough study of the 

implementation of energy storage technologies in the power system from the power supply 

side, power grid side and the power delivery side. As the study of this paper, it indicated that 

the battery storage systems will theoretically achieve multi-target synergy in smart grid and 



22 

 

energy net systems, with large scale planning of distributing multiple sizes and capacities of 

mobile plug-and-play BESS. On the other hand, the implementation on the new energy 

generation and distribution side, BESS had also a positive impact on protection and the stability 

of the power grid. For this purpose, the future technologies and the grid implementation of the 

BESS needs to concentrate on some of the following aspects and they are as follows [1]:  

1) Consideration on the safety boundary, fault early warning and fire protection issues of 

different types of energy storage systems to effectively avoid the occurrence and spread 

of accidents for the entire process of production, integration, design, installation, 

operation and monitoring of multi-type and multi-specification energy storage batteries. 

2) Effectively utilize methods such as big data, cloud computing, Ubiquitous 

Internet/Internet of Things, artificial intelligence, cyber physical systems, Edge 

computing, Parallel System Theory, etc. to ensure safe, stable, reliable operation, and 

modeling and simulation accuracy of large-scale centralized/distributed BESS.  

3) Innovatively develop system integration, energy management, and control and 

operation method for large-scale centralized/distributed BESS, considering the various 

requirements of intelligent operation scheduling, safety and stability control, life-cycle 

management, multi-objective control and management, and optimal operation 

efficiency. 

4) Develop a method to improve the technical economy of BESS planning, layout and 

grid-connected operation in the auxiliary services of the power market and quantify and 

standardize relevant indicators. 

5) The energy and ancillary markets should make rules and policy for BESS participating 

in the market as soon as possible, so that the multiple values of energy storage can be 

measured and rewarded. 

Also, this paper research will serve as a solid base for grid-connected operation and multi-

scenario applications that could be done for the BESS grid. In addition, increasing the 

utilization rate of clean energy and improving the level of security and stability of the power 

systems [1].  
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2.1.2 Demand-Side Management via Distributed Energy Generation and Storage 

Optimization [2] 

 
Figure 2.2: Connection scheme between the smart grid and one active user [2] 

In this paper, the proposed idea was about the general grid model that adapts to the 

distributed production and storage of the electricity. As shown in Figure 2.2, the purpose of 

this section is to present the overall smart grid model, identify the various types of users that 

belongs to the networks demand side and implement the energy cost and pricing the 

frameworks being adopted. The modern power grid is a complex network of many subsystems 

such as the power plants, transmission lines, substations, distribution grids and consumers that 

can be easily separated into one another and they are as follows  [2]:  

1) Supply-side: it includes the utilities (energy producers and providers) and the 

energy transmission network. 

2) Central unit: it is the regulation authority that coordinates the grid optimization 

process. 

3) Demand-side: it incorporates the end users (energy consumers), eventually 

equipped with distribution energy generation (DG) and/or distributed energy 

storage (DS), and the energy distribution network. 

 In general, the project implementation had formulated the problem of day-today grid 

optimization, whereby each active consumer on the demand side mises the cumulative 

monetary cost to buy and produce the energy needed to use the theoretical approach. Moreover, 

this study describes the distribution and the iterative algorithm based on the proximal location 
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where it allows the optimal user to determine the strategies of minimal exchange of information 

between the central unit and the network demand side. Furthermore, this paper had outlined 

the solution to specifically solve and to be able to applicable to end-users such as households 

and small business, it may also be applied to boarders such as local communities or towns. In 

fact, the demand for energy over time is clearly advantageous at any energy grid layer of size 

[2].  

2.1.3 Utility Oriented Demand Side Management Using Smart AC and Micro DC 

Grid Cooperative [3] 

 
Figure 2.3: Architecture of proposed DSM work using DC microgrid [3] 

This paper examines the DC microgrid, which offers a viable and more effective choice 

for catering DC loads in the building of data centers in particular. As shown in Figure 2.3, the 
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proposed DSM architecture consists of three main components, such as distribution utility, 

industrial loads and AC/DC grids connected to smart networks, running in hybrid mode. The 

proposed architecture is very popular for urban distribution utilities around the world, but it 

can certainly increase the energy shortages of developing countries. Moreover, this paper 

examines the related opportunities for utilities to optimize the response of industrial demands 

to the smart AC and DC microgrid environment, thus facilitating distribution utility to 

minimize peak energy on the current AC distribution network. A load shifting demand side 

management technique (DSM) is used to shift AC industrial loads in response to the tariff of 

daytime (TOD). Thus, in the presence of DC microgrid, an attempt was made to research the 

effect of DSM strategies with optimum change of AC units. Simulations are carried out on a 

realistic distribution system with large industrial loads, but the AC distribution system is 

assumed to have DC microgrid with renewables and battery storage systems (BSSs). For 

instance, either with or without battery storage, different DC microgrid configurations are 

compared and analyzed. It has been noted that, in the presence of solar renewables and power 

storage, the DC microgrid DSM strategy will significantly reduce the average energy cost of 

AC distribution utilities for demand response and peak load burden. The suggested step-by-

step DSM algorithm is used to generate the desired load curve tomorrow. The pattern of device 

shifting is extracted from the created curve. This pattern will be transmitted via the distribution 

company to smart meters installed at the premises of the industrial consumer using general 

packet radio service (GPRS) technology. The control signals will then be transmitted by DSM 

controller to the industrial loads using ZigBee technology to execute the sensors. Built-in 

sensors and actuators are used after receiving the control signals in real time for automatic 

devices ON or OFF. The communication network for the proposed DSM strategy lies between 

the distribution company and different industrial companies  [3].  
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2.1.4 DC Distribution System for Energy Efficient Buildings [4] 

 
Figure 2.4: Proposed DC distribution system for energy efficient buildings [4] 

Electronic appliances in buildings requiring input from Direct Current (DC) are 

continually increasing in the current scenario. In this particular instance, these charges involve 

converting the power from AC to DC when the power source from the electrical grid is AC. 

On the other hand, Renewable Energy Sources (RES) such as Solar Photovoltaic (PV) produce 

DC power that can be transformed to AC to be connected to electrical power systems and 

converted to DC for DC compatible loads again. The energy defects are caused by the 

conversion phases AC-DC and DC-AC-DC. The conversion phases are omitted from the 

DCDS. Power losses can also be significantly reduced to an appropriate degree. Two case 

studies have been identified in this paper 1) the building is based on the AC Distribution System 

(ACDS) and supplied by public utilities like PV and battery bank; 2) the building is based on 

DC Distribution System. Results of this paper shows that the DC delivery network with DC 

internal technology appliances provides the greatest energy savings and reduces the building 

load. In Figure 2.4, shows the DC distribution system equipped with PV as well as battery bank 

including, public utility and energy efficient DC internal technology appliances used for case 

studies in this paper. In the layout of this building L1, L2, L3, L4 represents DC lamps and F1, 

F2 represent DC fans (Brushless DC (BLDC) and Brushless DC Permanent Magnate 

(BDCPM) motor. The key difference between AC and DC air conditioner and refrigerator is 

the type of compressor used. The DC operated audio/video devices give good results as 

compared to AC supply. Laptop and computer having very sensitive memory devices like 
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RAM and hard drive. So, the DC supply makes move safe its memory. The DC bus is 

considered to be lossless and tied to PV and battery bank. This system is also equipped with 

public utility by AC-DC converter. It is assumed that the bus is supplied by a battery bank via 

bidirectional DC-DC converter. When the PV output power becomes higher than the load, the 

battery can be utilized when the load is higher than the output power of PV or the PV outage. 

The wiring for this system is based on 3 wires (one positive pole, one negative pole and one 

neutral). This wiring is able to feed the loads of two different voltage rating without the DC-

DC converter at the appliance end. This reduces converter stages as well as converter losses, 

the line current and power losses in the system [4]. 

 
Figure 2.5: LabVIEW simulator of proposed system [4] 

The LabVIEW simulator of building load, controlling and monitoring of the proposed 

distribution system is shown in the Figure 2.5.  The control block contains 18 virtual switches 

associated with the particular load. The load can be switched ‘ON’ or ‘OFF’ through these 

switches. Load block is again containing DC load block and AC load bock for the building 

shown in Fig.2. The building total AC compatible load is 2160 watt while this load has been 

reduced to 1209 watt with more efficient DC internal technology, i.e., 54.6% of the AC 

technology-based load. The inverter losses are 4.5 times higher than the rectifier losses. This 

reduces the power rating of the PV panel, battery bank and the consumed energy from public 

utility. The PV panel of 900 watt has been installed with the battery bank of 500 Ah by the 

public utility. So, the ordinary building of the AC distribution system including AC technology 

compatible load is connected directly to the public utility including the PV and battery via an 
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inverter. It is assumed the energy efficient DC internal technology appliances rating is 

equivalent to the AC technology-based appliances. Figure 2.5 shows the LabVIEW simulator 

of ACDS and DCDS of the buildings. Load block of LabVIEW simulator consists of AC load 

block and DC load block. A DC load block represent the proposed energy efficient building 

while AC load block represents ordinary building. Building loads are varying with respect to 

time (some appliances operate ‘ON’ for particular hours of the day while ‘OFF’ on the other 

time) of a typical day [4].  

2.1.5 Implementation of Advanced Demand Side Management for Microgrid 

Incorporating Demand Response and Home Energy Management System [5] 

 
Figure 2.6: Overall architecture of the proposed Demand Side Management (DSM) system [5] 

This paper describes a new microgrid DSM architecture involving microgrid 

modelling, including smart HEMS composed of smart load monitoring and smart load 

controller, and finally integrates a DR strategy to reduce generation capacity and energy costs. 

The validity of the proposed system is measured by a case study review, researching DR 

possibilities and finding energy savings for the established model on a typical Western 

Australian summer day. From the research proposal, it is evident that an excess value of 2.95 

kWh of energy can be started to shift to low demand periods, resulting in a total daily energy 

efficiency of 3%. The total electricity cost per day is AU$2.50 and AU$3.49 for a house with 

and without HEMS. At the end of the day, the maximum potential peak shaving, maximum 

shift capacity and maximum standby power losses and energy savings with or without HEMS 
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were approximated to categorize the energy-saving effectiveness of the suggested strategy for 

a 100-house microgrid with solar, wind and generation-side diesel generator. Figure 2.6 shows 

the overall design that demonstrates the step-by-step conclusion of this research. The overall 

classification of the proposed microgrid DSM network and the necessary communication 

infrastructure between suburban consumers and the Home Area Network (HAN) data center, 

connectivity between residential consumers and the Home Neighborhood Area Network 

(NAN) data center and the Wide Area Network (WAN). Comprehensive Area Network (CAN), 

NAN and WAN. Also, a framework for CHAN, NAN, and Wide Area Network (WAN). 

Results from a sensible and simplified platform that integrates HEMS and DR for a large 

microgrid structure provide a responsive and simplified platform that can integrate HEMS and 

DR for the implementation of microgrid DSM [5].  

2.1.6 Economically Efficient and Environment Friendly Energy Management in Rural 

Area [6] 

 
Figure 2.7: System model for energy management in rural areas [6] 

This paper builds an effective energy management model in this article to ensure a 

reliable supply of energy and also to reduce the environmental impacts and costs of electricity 

to customers through multi-objective optimisation. Electricity is to be produced from animal 

waste materials and broilers through the production of biogas in the proposed development. 

Power would therefore also be allocated from wind, utility and diesel resources to ensure the 

continuous supply of energy to customers. Numerous forms of energy are used to deal with the 

volatile value of renewable resources and the unforeseen shedding of power loads. The 

suggested multi-objective optimization is a binary integer linear programming issue where 

binary and integer values are taken into account by objective and constraint. Branch and bound 
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algorithm are combined to solve this multi-objective optimization problem. The model 

proposed for efficient resource management in rural areas is shown in Figure 2.7. The proposed 

model consists of two components, namely power generation and power consumption. The 

Power Generation segment discusses a number of energy resource choices. Some renewable 

energy sources and some non-renewable ones. Renewables are cost-effective and 

environmentally sound. Solar and biogas are known as renewable energy sources while the 

non-renewable energy supplies are diesel and utility power units. Electricity generated from 

traditional thermal power stations is mostly given by utility. Those thermal power plants are 

expensive and cause environmental pollution. Although the diesel generator is costly and also 

affects the climate, it will be used as an additional power supply to manage the unexpected 

shedding of load. Multiple electricity sources were considered to co-operate with the 

intermittent nature of renewable generation and the frequent power outages in rural areas in the 

proposed model. The key energy use in the model's power consumption segment would be in 

agriculture, livestock, small-scale farming industry and farm households. All devices used in 

rural areas are further divided into shiftable, non-shiftable, seasonal, or interruptible charges  

[6].  
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2.1.7 Demand-Side Management System for Autonomous DC Microgrid for Building 

[7] 

 
Figure 2.8: Conceptual Diagram of the proposed DC Microgrid [7] 

This paper introduces a modern demand-side management scheme (DSM) for the 

potential construction of the autonomous DC microgrid. Owing to the rise in DC loads and DC 

power sources such as photovoltaic (PV) and battery bank (BB), the DC distribution system is 

considered to be a prospective system. The BB reacts to changes within an autonomous DC 

microgrid in the power imbalance between PV generation and demand. The power loss during 

battery charging / discharging is the major challenge for the PV-supplied autonomous DC 

microgrid. It reduces performance in the network. The control goal of the proposed DSM 

scheme is to allow more effective use of the PV capacity. The proposed control algorithm 

moves the deferrable load from non-sunny hours to sunny hours, and during non-sunny hours 

reduces the construction demand. That reduces battery power losses and improves device 

performance. The scheme proposed reduces the size of the system's PV factory, storage, and 

capital cost. The results show a simple load change so that the cost of the device is substantially 

reduced, provided numerically as percentage savings. The conceptual layout of the autonomous 

prototype DC microgrid for the residential building [7]. 
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2.2 Summary and Implications  

 

The following table 2.1, shows a summary all surveyed projects comparing to the 

proposed project idea.  

Table 2.1: Summary and Implications 

 

 

2.3 Conclusion  

 

The main aim on this project is to focus mainly on research and similar topics to the 

proposed idea. The team looked over different articles that included furious of ideas and 

suggestions. Moreover, the team had studied the difference in similarities as well as the 

structure and features of all reviewed project in this chapter. Lastly, the process of researching 

among so many different articles has helped the team to gain a lot of knowledge and get 

stronger background about the project idea for better implementation.  

 

 
 

Project  AC/DC 

Loads/Appliances 

Control  

Algorithms/ 

Technology 

Optimizing 

Algorithms 

Renewable 

Energy 

Source 

DC/AC 

Distribution 

system 

Mobile 

application 

Remotely 

Controlling 

(Zigbee) 

Battery 

Capacity 

Control 

Cost 

A review on 

energy 

management 

✓ ✓ ✓ ✓ ✓   ✓ N/A 

Demand-side 

management 

✓ ✓ ✓ ✓    ✓ N/A 

Utility oriented ✓ ✓ ✓ ✓ ✓  ✓ ✓ N/A 

DC 

Distribution 

✓ ✓ ✓ ✓ ✓    N/A 

Implementation 

of advanced 

✓ ✓ ✓ ✓   ✓  N/A 

Economically 

efficient 

✓ ✓  ✓  ✓ ✓ ✓ N/A 

Demand side 

management 

for autonomous 

DC 

✓ ✓ ✓  ✓   ✓ N/A 

DSM in Energy 

Management 

✓ ✓ ✓ ✓ ✓ ✓  ✓ $471.87 
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3 CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS  
 

3.1 Introduction   

 

In this chapter, the hardware and the software components of the project are chosen to 

implement the projects idea. The design of the project includes both hardware and software 

and all are illustrated in the following chapter. Lastly, the end of this chapter the total budget 

cost of all purchased components is calculated.  

3.2 Methodology  

 

The methodology that is used for implementing this project is called “Waterfall 

Methodology”. The team had discussed the best way in order to proceed with the project’s 

implementation as it is considered being a sequential approach and that’s what the team aims 

for. The waterfall model may be a classical model employed in system development life cycle 

to form a system with a linear approach. it's termed as water as a result of the model develops 

consistently from one section to a different during a downward fashion. This model is split into 

completely different sections and therefore the output of 1 phase is employed because the input 

of ensuing phase. each section needs to be completed before ensuing phase starts and there's 

no overlapping of the phases. The consecutive phases delineated within the water model are 

[8]:  

1) Requirement Gathering- All feasible specifications are contained in the product 

specification documents. 

2) Analysis Read - The criterion, based on research, determines the schemas, templates 

and marketing mix pricing strategy. 

3) System Design - Focus on the architectural study of the layout design. 

4) Implementation Design of applications in limited practical testing systems. 

5) Integration and Checking for configuration of each unit built in the previous process 

and post implementation checks the entire system for any errors. 

6) Deployment of system, after all functional and non-functional tests have been 

completed, make the product live on the design phase. 

7) Installation fixing issues and releasing a new version with patch issues as needed. 
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3.3 System Architecture  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1: System Architecture 

A system architecture is the theoretical model which interprets a system's structure, 

actions and more views, as shown in Figure 3.1. A description of an architecture is a systematic 

description and representation of a system, structured in a manner that facilitates thinking about 

system mechanisms and behaviors. Starting with the Solar Panel that is our power energy 

source, that is directly connected to the smart solar charger. Through a bus, the smart solar 

charger obtains an output of 12V DC; this output is balanced with a positive 12V and a negative 

12V. In a parallel connection, we have a 12V battery connected with this bus. The outputted 

bus feeds the loads with the required energy to function. During this system, there are many 

inputs used that will generate the system accurately. And since our prototype is based on DC 

and AC microgrids, thereby it means it will be based on DC and AC loads and in order to add 

AC loads then we will be adding inverters which holds a value of 600 watts. The main 

component in Arduino is the controller, it is very important in order to apply the DSM (demand 

side management). The voltage and current sensor have a major role in this system. LDR 

sensors as well are very important where they are in control of the light sensor, giving us the 

detection of any light so we can have an automated system. For our outputs, loads play a 

massive role where they treated as outputs depending on the relays. The loads in our system 



36 

 

vary, we use LEDs for lighting, power plugs and sources. In a Relay module, we have 

connected all the loads we used. This module outputs the control signals toward the load 

devices allowing it to turn on or turn off. The Arduino controls this system where it gives 

commands to the relays in order for them to generate on and off properly. 

3.4 Block Diagram  

 

 
Figure 3.2: Block Diagram 

For the block diagram as shown in Figure 3.2, it starts with the power energy source 

which is the solar panel that is directly connected to the smart solar charger. The smart solar 

charger outputs 12V DC through bus that has one input and output that feeds the battery and 

therefore through the 12V battery, connected on the same bus, it can feed the grid. Connected 

to it, a voltage inverter that accepts 12V DC and outputs 220V AC. Moving along the system, 

we will see there exists a Relay module where it gets its power input to function from 

regulators. Besides that, we have the microcontroller unit (Arduino) that generates controlling 

signals through a bus to the relay module. And it is considered the most important component 

in order to apply the demand side management. Then, the current sensor and the voltage sensor 

comes right after the controller in priority, which through the voltage sensor which works as 

battery’s life indicator. Next, we have the LDR sensor which is the light sensor that is used to 

detect whether there’s a light or not in order to have an automated system. Therefore, we can 

for example turn the lights on/off. and for the outputs, are the loads are treated as outputs 

depending on the relays. Since we have many loads used for our project and each load have its 

own relay, we decided to connect all the loads to relay module. The relay module outputs 

control signals to the load devices which allows to turn it on/off. And all this happens by using 

the Arduino where it gives commands to the relays to turn them on/off.  
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3.5 Hardware Components  

 

3.5.1 Microcontroller (MCU)  

The Arduino Mega 2560 is an ATmega2560-primarily based totally microcontroller 

board. It has fifty-four virtual input/output pins (15 of which may be used as PWM outputs), 

sixteen analog inputs, four UARTs (hardware serial ports), a sixteen MHz crystal oscillator, a 

USB connection, a electricity jack, an ICSP header, and a reset button. It includes the whole 

thing you want to guide a microcontroller; actually, join it to a laptop with a USB cable or 

electricity it with an AC-to-DC adapter or battery to get started. The Mega 2560 board is well 

matched with maximum of the shields designed for the Uno and the previous Duemilanove or 

Diecimila boards [9]. 

Table 3.1: Comparison of Microcontroller (MCU) 

Type  Arduino Mega [9] Arduino Uno [10] 

Picture  

 
Figure 3.3: Arduino Mega [9] 

 
Figure 3.4: Arduino Uno [10] 

Processor   ATmega2560 ATmega328P 

Clock Speed  16Mhz 16Mhz 

I/O Pins   54 14 

Price  $40.03 $23.00 

Decision  ✓ - 

 

In Table 3.1, shows the Arduino Mega was chosen because unlike the Arduino Uno 

which contains only 14 input/outputs, the Arduino Mega has 54 input/output pins. Those pins 

also include USB connections, a power jack and an ICSP header. And besides that, the Arduino 

mega have a higher processing power that is needed to connect more components and add more 

features later and the Arduino mega would handle this processing more than Uno. And in our 

prototype, the microcontroller will get programmed and controlling and optimizing DSM 

algorithms will be added to it by using a software tool where these algorithms will be discussed 

later in the software section.   

3.5.2 Solar Panel and Charger  

The 16V 100W Flexible Solar Panel with 10A solar controller. It is fabricated by high 

attribute material, eco-friendly, marginally waterproof, durable and sensitive [11]. 
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Table 3.2: Comparison of Solar Panel 

Type  CMTD Solar Panel and Charger [11] Boguang Solar Panel [12] 

Picture  

 
Figure 3.5: Solar Panel and Charger [11] 

 
Figure 3.6: Boguang Solar Panel [12] 

Max Power  100W 200W 

Max Power 

Voltage  

16V 16V 

Max Power 

Current  

6.25A 6.25A 

Price  $113.99 $254.68 

Decision  ✓ - 

 

In Table 3.2, shows the CMTD Solar Panel and Charger was chosen because it is 

cheaper by price in $140.69 than the Boguang Solar Panel. Although both have the same 

maximum power current (6.25A), but we can buy 2 Solar Panel and Charger ($113.99) for the 

price of 1 Boguang Solar Panel ($254.68) and since the Boguang Solar Panel got additional 

unwanted features and due to its high cost and due to the lack to have its own charger we 

referred to the CMTD solar panel. 

3.5.3 Current Sensor  

A current sensor is a device that perceives electric current in a wire and generates a 

signal proportional to that current it can be used to exhibition the measured current in an 

ammeter [13]. 

Table 3.3: Comparison of Current Sensor 

Type  Pololu Current Sensor 5A [13] HiLetgo Current Sensor 30A [14] 

Picture  

 
Figure 3.7: Current Sensor 5A [13] 

 

 

 

Figure3.8: Current Sensor 30A [14] 

Logic Voltage   4.5V- 5.5V 4.5V- 5.5V 

Supply Current  5A 30A 

Price  $9.95 $9.95 

Decision  ✓ - 

 

In Table 3.3, shows the Pololu Current Sensor 5A was chosen because both currents 

have the same logic voltage (4.5V-5.5V) sold at the same price as well ($9.95), but for our 

system, it was more accurate to use the Pololu Current Sensor 5A (14). And besides having the 

lower cost current sensor, we chose the pololu over the HiLetgo, because it had a higher 

precision percentage. 
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3.5.4 Voltage Sensor  

The main function of voltage sensors is to distinguish and measure both AC and DC 

voltage levels. [15]. 

Table 3.4: Comparison of Voltage Sensor 

Type  Voltage Sensor Module [15] Phidgets Voltage Sensor [16] 

Picture  

 
Figure 3.9: Voltage Sensor 5A [15] 

 
Figure 3.10: Phidgets Voltage Sensor [16] 

Input    Analog  N/A 

Voltage Input  25V 5V 

Voltage Output 3.3V – 5V 5V 

Price  $5.95 $17.00 

Decision  ✓ - 

 

In Table 3.4, shows the Voltage Sensor Module was chosen because for a larger voltage 

input of 25V and for a cheaper price as well we chose to use the Voltage Sensor Module. The 

Voltage Sensor Module is sold for $5.95 while the Phidgets Voltage sensor is sold for $17.00. 

3.5.5 Light Sensor  

The Photocell Light Sensor Module is primarily based totally on a Light Dependent 

Resistant (LDR). The resistance of the LDR or Photoresistor decreases while the ambient mild 

depth increases. This manner that the output sign from this module is from excessive to 

low[17]. 

Table 3.5: Comparison of Light Sensor 

Type  Photocell Light Sensor [17] Parallax Light Sensor [18] 

Picture  

 
Figure 3.11: Photocell light sensor [17] 

 
Figure 3.12: Parallax Light Sensor [18] 

Light Type   LDR Infrared  

Output Analog and Digital  Analog  

Price  $0.79 $9.99 

Decision  ✓ - 

 

In Table 3.5, shows the Photocell Light Sensor was chosen because the Photocell Light 

Sensor has an output of both analog and digital for a price of $0.79 which makes it a great 

choice comparing it with the Parallax Light Sensor which is 9x more expensive ($9.99) giving 

us only analog outputs. Plus, we chose the photocell light sensor over the parallax because of 

its accuracy, more stability and it has much less errors percentage. 
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3.5.6 8 Channel Rely Module  

The eight Channel 5V Relay Shield Module may be used for a extensive variety of 

programs and for different gadgets with massive currents. It may be managed at once with the 

aid of using a microcontroller (Arduino, 8051, AVR, PIC, DSP, ARM, ARM, MSP430, TTL 

logic) [19]. 

Table 3.6: Comparison of Rely Module  

Type  8 Channel Rely Module [19] Elexol 8 Channel Rely Module 

[20] 

Picture  

 
Figure 3.13: 8 Channel Rely [19] 

 
Figure 3.14: Parallax Light Sensor [20] 

 Voltage  10V 30V 

Current  15-20mA 5A 

Module Type 1x8 Channel Relay Module 1x8 Channel Relay Module 

Price  $11.79 $62.50 

Decision  ✓ - 

 

In Table 3.6, shows the 8 Channel Rely Module was chosen because the 8 Channel Rely 

Module is $11.79 which is 5x less than the Elexol 8 Channel Rely Module when both Modules 

are the same type. The 8 channels relay been chosen due its additional channels and in case if 

we decided to test and add more loads the spare channels are useful in such cases. 

 

3.5.7 Mobile Charger 

A Mobile Battery Charger, is a type of power supply called Switched Mode Power 

Supply. It provides a Constant Voltage (CV) and a Constant Current (CC) to the Battery, 

providing it with the energy required to charge it. Generally, the Voltage is 5V DC, and the 

Current is 0.5 A or 1 A [25]. 

Table 3.7: Comparison of Mobile Charger 

Type  Mobile Charger [25] 

Picture  

 
Figure 3.15: Mobile Charger [25] 

 Input Voltage  5-1212VDC 

Power 

Consumption 

2-6Watt 

Max load 

current  

0.5A  

Price  $19 

Decision  ✓ 
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In Table 3.9, shows the mobile charger that was chosen as a testing load for our project.  

3.5.8 LED Light Spot Bulb  

A LED Light Spot Bulb can be used for many applications that it spots down 

lightweight replacement that will be useful. This type uses wide voltage band and low energy 

consumption  [26]. 

Table 3.8: Comparison of LED Light Spot Bulb 

Type  LED light Spot Bulb [26] White LED Light Bar SMD [27] 

Picture  

 
Figure 3.16: LED Light spot bulb [26] 

 
Figure 3.17: White LED Light Bar [27]   

 Input Voltage  12VDC 12VDC 

Power 

Consumption 

20W N/A 

Price  $9.99 Out of stock  

Decision  ✓ - 

 

In Table 3.10, shows the LED light Spot Bulb was chosen because for a common input 

voltage, but something we can find in stock, we are using the LED light Spot Bulb instead of 

White LED Light Bar SMD since is sold out. 

 

3.5.9 Power Supply  

KUNG LONG substances a extensive variety of lead-acid batteries which are accepted 

for safety applications. They are thoroughly acceptable for alarm structures and uninterrupted 

energy substances because of their low inner resistance. The batteries are licensed with the aid 

of using the Affiliation of German Property Insurers (VDS) [29]. 

 

Table 3.9: Comparison of Power Supply 

Type  Power Supply [29] 

Picture  

 
Figure 3.18: Power Supply [29] 

 Input Voltage  110VDC 

Power 

Consumption 

20W 

Capacity 9ah  

Price  $24 

Decision  ✓ 
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Design Alternatives 

 
- Having more optimized design, and we can achieve this by adding components that are 

multifunctioning. For example, adding sensors that takes readings for many purposes. 

- Adding more smart devices, like the LCD to display figures and statistics about power 

usage.  

- Application to view the data instead of viewing the data on LCD display, where it shows 

more accurate data and it’s even possible to show graphs which by that it makes it more 

simple and easier to get. 

- Another benefit of applying the previous alternative is being able view the analytics from 

a portable device from a different place through a WIFI module. 

- Replacing the microcontroller with a single board computer (SBC), since the single board 

computer, such as the raspberry pi, that gives us more stable connection in case if we 

decided to create the phone app. 

- More current sensors can be added throughout each load so we could know how much 

power each load is consuming instead of having a single current sensor for the whole 

system. 

- Another feature that could be added which is the heat sensor that can be applied on the 

battery and connected to the Arduino that gives us heat threshold and by that when the 

battery reaches a certain heat limit or over heated, it will shut the system off automatically. 

 

 

 

 

 

 

 

 

Figure 3.19A: Raspberry pi   
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3.6 Software Programs  

 

3.6.1 Arduino IDE  

The Arduino IDE is the main software for programming any microcontroller board and 

it can be download for all common Windows, Mac OS X, and Linux. The microcontroller can 

be programmed in Java, C, C++ [30].  

 
Table 3.10: Comparison of Software Programs 

Type  Arduino IDE [30] Eclipse [31] 

Picture  

 
Figure 3.20: Arduino IDE [30]  

Figure 3.21: Eclipse [31] 

OS    Windows, Linux, Mac, Web-based Windows, Linux, Mac 

Programming 

Language  

C. C++  Java, C++, C# 

Price  $0.79 $9.99 

Decision  ✓ - 

 

 

In Table 3.13, Arduino IDE was chosen because it is the default IDE programming 

environment for the Arduino boards.  
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3.7 Budget  

 

In the Table 3.31 below, shows the hardware component that are needed and included 

the quantity of each in order to build and implement the project idea. the components are 

available in the quick market and some are ordered online.  

 

Table 3.11: Budget 

Item Qty Price 

Arduino Mega  1 $40.30 

Solar Panel and Charger  1 $113.99  

Current Sensor  1 $9.95  

Voltage Sensor  1 $5.95  

Light Sensor  1 $0.79  

8 Channel Rely Module  1 $11.79  

Mobile Charger  1 $4.86  

LED Light Spot Bulb  1 $9.99  

Light bulb  1 $18.00 

Power Supply  1 $24.00 

Power Plugs 2 $12.30 

Switch 1 $7,75 

Total $471.87-4.86 

 

3.8 Ethics and Limitations  

 

Nowadays, as a fit for being an engineer is somehow related to business. Most engineers 

are progressively involved in many startups and kick starters for different companies and 

businesses where engineers take the decisions most of the time. Therefore, an ethical 

contribution to the community should be defined by all engineers to apply the moral principles 

of practicing engineering into the real world. Also, it is the chance to increase the ability of all 

engineers to be dependable to face moral matters that can be elevated by the technical activities.  
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3.9 Conclusion  

 

This chapter described the selected components in order to implement the project in the 

later chapters. This chapter has also included the system architecture and the block diagram to 

visualize the on the complete model of the project idea. Finally, a brief table including the cost 

of each hardware component is illustrated.  
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4 CHAPTER 4: IMPLEMENTATION 

 

4.1 Introduction   

 

In this chapter, a brief overview of the implementation design is discussed in both 

hardware and software terms. The purchased components were used to build the desired 

outcomes.  

4.2 Hardware Implementation  

  

Testing: 

In this section in order to implement the project, we did some calculation and tests on the 

power capacity and consuming of the battery and power consuming for the loads that will be 

added next. And since we have the following components  

- 12-volt DC light bulb with 15 watt/hour, 

- 5-volt DC light bulb with 5 watt/hour, 

- 5-volt USB Phone charger with 2000mA/h 

w/h= v × A/h = 5 × 2000/1000 = 10 W/h 

-  the fourth load is AC 220-volt high power source and we can use an example 70W/h 

- the fifth load is 220-volt light bulb with 15 W/h 

and after summing all the loads power consumption we get a total of 115 w/h which almost 

equals to 120 w/h. And if the system works for two hours in the day then we get the daily 

energy consumption as follows; 120× 2 = 240W/h 

and based on that assumption we have to use a battery with charging capacity of 240 W/h. 

and the only available battery capacity is 12v-12A/h that gives maximum of 144 w/h. then 

we conclude here that we must use two batteries to have the capacity of 288 w/h. 

after doing the calculation part, we had to use the MatLab/Simulink for final testing 

inquiry before implementing the system and do the practical connections. And the system 

is implemented in the figure below.  
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figure 4.1: applied DSM system on Matlab/Simulinkzto testing  

The figure above shows the system configured in Simulink, where it includes the solar panel, 

and comparison algorithms to check the readings from the voltage and current sensors that will 

be added manually to see whether to get the power from the solar energy stored in the battery 

or from the ministry. The third checking parameter, which is the ldr value was not added 

because there was no tool to represent it in the Simulink. Also, whenever the value is taken and 

satisfies the condition for using the battery, here we can control the relays for the charging 

process or letting the loads absorbs the power needed from the battery. And for the solar panel, 

we had a subsystem created for it. As seen in the figure below,  it consists of four arrays 

connected in series. Where in each array it contains five photo cells as seen below in figure 4.3 

figure 4.2: arrays of solar cells in series. 
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figure 4.3: arrays of photo cells in series. 
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Prototype implementation: 

After testing out the whole system and doing the calculations, we applied the system in a 

wooden box next to the solar panel, where on its outer surface shows the solar charger and all 

of the DC and AC loads. where the two 220 volts power plugs, light bulb and the switch in 

center represents the AC loads. and the 5 Volts USB phone charger, 5Volts power source, 12 

Volts LDR light bulb and 12 Volts power source represents the DC loads.  

 

 

 

 

 

 

 

 

 

 

figure 4.4: implemented DSM system 

Next, we will be moving to the hidden parts, which are the programmed microcontroller, 8-

channels relays module, voltage regulators, switch, batteries, Wi-Fi module, sensors (voltage, 

current, rain, dust and LDR sensors) and voltage inverter. all of the previously mentioned 

components’ functions will be explained in details later on. 

 

 

 

 

 

 

 

 

 

 

 

figure 4.5: implemented DSM system internal connections  
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- The Arduino (MCU): the microcontroller has a major role in our system where it offers 

both controlling and power signals through digital and analog pins available on it. Where 

the details about the pins will be provided and explained in details for each component 

later on. And the microcontroller receives its power from the voltage regulators. The 

details will be explained in each component mentioned later. 

 

 

 

 

 

 

 

figure 4.6: the microcontroller. 

 

- Relay modules: 

The relay module is the connection between the Arduino and the loads, where the Arduino 

can’t control the loads directly only through switches or relays using controlling signals. 

So that’s our main aim of using relays module that consists of many relays configured in 

one component. And we had to use 8 channels relay module by combining 2x 4 Relay 

module. The relay module gets powered using 5Volts from a voltage regulator. The first 

relay starting from the right side receives the input from the solar panel and sends it to the 

solar charger, and here we can tell that this relay is responsible for the battery charging 

process. Moving to the second relay, it is responsible for controlling and powering up the 

12Volts DC ldr light bulb where it functions automatically. Moving to the third relay, its 

responsibility is to take care of the 5Volts DC load which is the phone charger. The fourth 

relay is responsible for the whole 12Volts DC loads. Moving to the other set of relays 

located in the left side, the first two relay allows the system to absorb power from the energy 

stored in the battery. And the last two relays allow the system to be powered from the 

ministry. In order to choose one of the power sources, we need to have one of the relays 

powered on and the other is turned off. And all the processes on the relay modules are done 

through the controlling signals sent from the Arduino, where the relays for both modules, 

are receiving their Arduino input signals from pins A23,A25, A27 up to A37. 
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figure 4.7: two sets of 4 channels relay modules. 

 

- Voltage and current sensor:  

The main function of this component is to take readings of the voltage and current used 

by the system and sends it to the Arduino in order to perform the comparison. It 

Receives an input of 12volts from the battery and sends an output for both of the inverter 

and the remaining loads. and in order to take the readings, we need to connect the sensor 

to Arduino by taking a signal from the Voutput and Ioutput on the sensor directly to 

pins A10 and A8 on the Arduino.  

 

 

 

 

 

 

figure 4.8: current and voltage sensors. 

 

- Wi-Fi module: 

In order to control the system using the phone interface done for it, we need for this system to 

have an internet connection and this can be done through the Wi-Fi module that we added, 

and we used ESP8266 Wi-Fi Module that uses four wires connected to the Arduino. The first 

wire is to power up the wifi module where it needs  3.3Volts DC. The second wire is treated 

as ground. Then, both remaining wires are for the RX/TX pins used for the serial 

communications. And in order to upload the code to the microcontroller, both power wires 

should be disconnected to avoid errors.  
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figure 4.9: Wi-fi module. 

 

- Voltage regulators:  

This component is used to reduce the voltage level from 12Volts from the battery to 5Volts 

DC. They are used to feed the Arduino and the relay modules. Also, the voltage regulators 

were used for the phone charger, where it offers 5Volts DC.  

 

 

 

 

 

 

 

 

 

 

 

 

figure 4.10: voltage regulators. 

 

- AC loads: 

 receives their 220Volts from the inverter. and they consist of two power plugs, and a switch 

controlling a 220Volt worth light bulb. 
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- DC loads: 

 They are divided into two load types, 5Volts loads and 12Volts. The 5Volts type consists of 

the USB phone charger and power source. And the 12Volts consists of ldr light bulb and 

power source. 

 

- Sensors: 

 in this system we are dealing with three sensors types, which are the ldr sensor, rain sensor 

and the dust senor. The ldr sensor uses three wires, the wires are for the 5Volts input, ground 

and the third type are used for the controlling signal received from pin A0 in the 

microcontroller. Same as for the rain sensor, it uses three wires as well. Two wires used for 

the power (ground and 5Volts), and the third is for the controlling signal received from pin 

A2 on the microcontroller. And when it comes to the last sensor, the dust sensor, it uses four 

wires. Two wires are used for controlling signals and the others are for the power. The idea 

behind having two wires for the dust sensor is that the dust sensor contains laser diodes and 

inbuilt ldr sensor. The sensor’s functionality is based on the lasers produced from the laser 

diodes toward the ldr, and whenever there’s dust, the dust breaks off the laser’s connections. 

And by that we can tell the amount of dust based on the laser being blocked by the dust. And 

the controlling signals are one analog signal received from pin A4, and the other controlling 

signal is digital where it is received from pin 45 on the microcontroller. 

 

 

 

 

 

 

 

 

 

figure 4.11: LDR sensor 
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figure 4.11: LDR sensor 

 

 

 

 

 

 

 

 

 

 

 

figure 4.11: LDR sensor 
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4.3 Software Implementation  

 

Along the practical system implemented, we created a phone application that is connected to 

the same cloud server that the system is connected to, through the Wi-Fi module. We used the 

RemoteXY website in order to build the graphical interface of the app. The interface included 

all of the readings taken from the sensors and display the amount of each of the Voltage, 

current, LDR value, rain and dust. Also, it includes all the manually controlled switches 

where it can control whether the system absorbs the power from the battery or from the 

ministry. And besides that, we can control all of the DC and AC loads power loads through 

switches as seen in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

figure 4.12: mobile app graphical interface. 
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next, we will be discussing the commands used for the mobile app. As we mentioned in the 

flowchart, our code is consisted by three parts, the declarations, void setup, and void loop.  

 

Above is the beginning of the code, where we are declaring, starting with the library of 

RemoteXY, which is the program of the mobile application. The first part of declaration is for 

defining the WI-FI contents. The connections are made through serial boards, with a speed of 

data for 115200. The WIFI_SSID and the WIFI_PASSWORD, can be changed upon what Wi-

Fi is connected on the application connecting with the SERVOR_PORT on the computer. The 

ACCESS_PASSWORD is given through the program, to guarantee safety so others will not be 

able to access one’s program without the ‘access password’ given through the program. 
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In this part, the data was created by the program utilization. Based on my design and the way 

the program is set, each component was a given numbers and pins. The data shown above was 

structured upon how the switches, the template of the program, the buttons and their places, 

and all those details. After we finalized and designed our program, we got this data with “get 

source code” button.  
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As shown in the figure, we have six switches as the input  variables in the program we designed. 

Each switch is connected to relay, later in the code they will be declared. The output variables 

are the readings that will be shown on the mobile application, each line will read a specific 

switch.  
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In this part of the code, we have the declarations of the switches in the mobile application. As 

shown in the figure, each switch is pinned at a spot. Switch 1 is pinned at 23, switch 2 is pinned 

at 25, switch 3 is pinned at 27, switch 4 is pinned at 29, switch 5 is pinned at 31, and finally 

switch 6 is pinned at 33.  Later, we are declaring our sensors and connecting them to the micro 

controller. Each pin connected to the micro controller has been declared following bellow. 
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This is the void setup, it specializes the for the inputs and outputs. In the declaration part, we 

located the sensors/switches to their pin. Here we are defining each component as either an 

input output. As we can see in the figure above, each PIN number is declared as an output or 

input. Switch 1 through Switch 6 are all considered as outputs. Inputs give signals to the 

arduino, therefore the rain sensor, the light sensor, the voltage and current are all considered 

inputs. The dust sensor and the relays are all considered outputs.  
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This is the void loop, it keeps getting repeated and looping throughout the end as long as the 

program is on. Starting with RemoteXY_Handler, which constantly repeats itself, it saves the 

communication between the server and WiFi that are fixed in my ardunio. Then we have the 

Serial.print, we add it before each sensor in order to print it’s value on the screen. 

 

  This is a completion of the the void loop, it also repeats constantly as long as the 

program is on. Here we have many “if statements”, those are customized for each sensor. The 

“if statements” are the conditions where they give indications to the sensors whether to switch 

on or off. In the first condition, if VFinal is greater than or equals 13.5, the relay will be low in 

order to save its battery, if it is less than 13.5 it will recharge. If the VFinal is less than or equals 
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to 11, then the relay discharge is low, where it will disconnect, and current will not reach the 

load, else it will be high. In the IFinal, we are assuming if the current exceeds 20mA, it will 

make the relay of the low power disconnect, meaning the relay that connects power from the 

battery to the inverter will disconnect. Then after 5 seconds ( delay (500) /500micro-seconds),  

of being disconnected it will switch on the ministry’s power. Then we have the ldrvalue, where 

this is the light sensor, if my value is greater than or equals to 300, then the light will switch 

off notifying it that there is enough light, if it is less than 300, it will switch on, meaning that it 

is dark and should switch on. 
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4.4 Flowchart of the System  

 

 

figure 4.13: flowchart of the system.  

Yes No 
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The figure above shows the flowchart of the system. It shows how the Arduino takes 

readings from all of the current sensor, voltage sensor and the ldr sensor then sends the reading 

to mobile application and display the values of each. Next, by using Arduino controlling 

algorithms we compare each of the values taken from the sensors to certain values we assigned. 

At first, it measures the current and checks whether it exceeds the 20. And when the 

measurement goes higher than 20A, the Arduino sends a controlling signal to the relays module 

to switch off the controlling relay that allows the system to take power from the stored power 

in battery and switch on the controlling relay that allows the system to take the power from the 

ministry. And it goes the opposite when the current goes below the assigned value, whenever 

the value of the current is less than 20A, it can be shifted automatically or manually back to 

the state where the system was receiving the power from battery by switch on the controlling 

relay that allows the system to absorb power from. Battery and switch off the controlling power 

that allows the system to take power from the ministry. After checking the current 

measurement, the Arduino takes the voltage readings from voltage sensor and compare it to an 

assigned value. The assigned range for the voltage is between 12.5V and 11V. Here, the 

measurement taken will be checked if it is below the range or it exceeds it. Whenever the value 

taken is way less than 11, the microcontroller will be sending a signal to switch on the relay 

that controls and allows the battery to charge and switch off the relay that is responsible for 

allowing the loads to take power from the battery. This applies also when the readings taken is 

greater than 12.5V. And if the value recorded is higher that 11 and in between the range, the 

microcontroller will be sending a controlling signal to the relays module and switch off the 

relay that controls the battery charging process and switch on the relay that allows the loads to 

absorb power from battery. This applies also when the readings taken is less than 12.5V. 

Moving to the last checking method in the system, where it checks if the readings taken from 

the ldr sensor exceeded the assigned value which is 300. The values recorded from the ldr 

responds to the amount of light directed on the sensor, if the recorded value exceeds the 

assigned value which is 300, the microcontroller will be sending controlling signals to the 

relays module to switch off the ldr light bulb. And whenever the value recorded goes lower 

than 300 then the microcontroller will be sending the signals to the relays module to switch off 

the ldr light bulb. 
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4.5 Conclusion  

 

As In conclusion, implementation of the project in both hardware and software we're 

explained and elaborated in this fourth chapter. In the next chapter, it discusses the evaluation 

of the project in terms of features an idea.  
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5 CHAPTER 5: EVALUATION  
 

5.1 Introduction   

 

In this fifth chapter, it introduces the impact of the project idea in different contexts such 

as environmental, economic, social and more. this chapter also includes interview and 

conducted survey as well as the progress timeline of the project.  

5.2 Survey 

 

In order to know peoples and the public's opinion toward the proposed project idea; an 

online survey was created and published through emails and social media. The survey is aimed 

to determine whether the public are aware of the project idea and how it's going to be affected 

when it's implemented. The survey form is provided in the Appendix C.  

 
Figure 5.1: Survey Question 1 

 
Figure 5.2: Survey Question 2 

In a survey conducted by 44 people, 84% females and 16% males we can see what 

people deliberate about electric energy, as shown in Figure 5.1. In questions queried in our 
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survey, most of our reply’s came from people from the age 18-25 years old (80%) and 26-35 

(20%) and none of them above 35, as shown in Figure 5.2.  

 
Figure 5.3: Survey Question 3 

 

 
Figure 5.4: Survey Question 4 



70 

 

In our third question we asked about the Occupation Status, and we have seen the most 

of them are students (66%), engineers (18%), non-workers/looking for a job (9%), working 

private sector (5%), and a doctor (2%), as shown in Figure 5.3. We asked if ones believe that 

everything relays on electric energy (electricity and gas), 82% said yes and 18% answered with 

no, as shown in Figure 5.4. 

 
Figure 5.5: Survey Question 5 

 

 
Figure 5.6: Survey Question 6 
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We also asked if people are making any savings on the electric energy, “How much 

frugal of energy usage do you often make” , the majority (52%) answered ‘As much as I can’ 

, then people answered in ‘Not always’ and some answered saying ‘Not important/doesn’t 

concern me, shown in Figure 5.5. Next we were curious if any pay their own energy bills, most 

of the answers where ‘No’ (67%), then 21% said ‘Yes’, and 12% answered in ‘Part of it’, as 

shown in Figure 5.6. 

 

Figure 5.7: Survey Question 7 

 

 
Figure 5.8: Survey Question 8 
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We may sense that the future may be unstable, we asked “How concerned are you about 

the expected future price rise energy?”; equally answered in ‘Not concerned’ and ‘A-bit 

concerned’ (34%), and 14% are concerned, as shown in Figure 5.6. Since our project depends 

on solar panels, it is important to see what people think of relaying on natural resources that 

will supply us with the electric energy and 95% thought it was an interesting idea, and 5% 

where not interested, as shown in Figure 5.8. 

 

Figure 5.9: Survey Question 9 

 

Figure 5.10: Survey Question 10 
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In Figure 5.9, shows the question of “Would you buy a solar supplier (panels that use 

sunlight to generate energy) that will provide your household with the electric energy?” was 

an important question to us to see if people would actually support and buy what our project 

will present; 61% answered in yes, 32% answered in maybe, and 7% answered in no. 

Concluding our survey, we ended our questions asking “How much would you pay monthly 

for a natural solar supplier?* supplying an average household*”. The replies were as follows, 

55% would pay 50-75kd monthly, 36% would pay 75-100kd monthly, and 9% would pay 100-

120Kd monthly, as shown in Figure 5.10. 

5.3 Project Impact 

 

Project impact as engineers is the topic that should be covered when implementing a 

project. Project impact served and these sectors and they are as follows:  

5.3.1 Business Impact  

In terms of the business impact of the proposed project idea, it can be sold two 

organizations and government sectors that involves on working with electricity and energy. 

The project idea will have a great impact on saving money and time of the countries spending 

huge amount on unsustainable energy for the whole country. Moreover, the project idea is 

environmentally friendly and cost effective.  

5.3.2 Economic Impact  

Solar energy is usually less vulnerable to large scale difficulties as it doesn't require a 

big place to produce the electricity. one can use the solar energy to improve many of the 

economic aspects. One of the many aims behind this project is to include a cost-effective 

alternative that would reduce the amount of money spent on fuel each year as well as the 

energy. Our project has a positive impact on the environment as well as on the economy.  

5.3.3 Environmental Impact  

The sun offers a powerful tool for generating renewable, usable energy without harmful 

emissions. Comparing to traditional energy sources, the solar energy system provides major 

environmental benefits. Furthermore, the solar energy does not emit carbon dioxide into the 

atmosphere. The use of solar energy therefore produces in a lower amount of gasses emitted 

into the atmosphere. Thus, our project will help the environment because of the fact that here 

will be no emissions. In addition, it saves the world because there are no other sources of energy 

that is more effective than the one available from the sun. The project is environmentally 

friendly.  
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5.3.4 Social Impact  

 

Technology and innovation have always affected the life of mankind. There are a lot of 

people who would rather have their tasks organized and performed by using the technology. 

As a result, people will always learn and adapt to the new modernization knowledge regarding 

the sustainability and using the solar energy for the world’s health and economy.  

5.4 Progress Timeline   

 

The team had weekly followed up for the team members online to discuss what has been 

achieved and setting new tasks to be reached by the next virtual meeting and the Figure 5.1 and 

5.2, below it shows the timeline planning of meetings and the formed ideas by the project.   

 
Figure 5.11: Progress Timeline Capstone 475 

 

 
Figure 5.12: Progress Timeline Capstone 480 
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5.5 Conclusion  

 
This chapter honest rates and evaluates the importance of the project implementation. 

Furthermore, it shows about the public opinion on the proposed project idea that was conducted 

buy an online survey and the results were studied.  
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6 CHAPTER 6: CONCLUSION 
 

6.1 Introduction  

 

In this final chapter, it concludes all the main aspects of the project it also includes the 

future goals and improvements for the final implementation of the project idea and the time 

schedule in which the design project been done. 

6.2 Future Work  

 

In this section it recommends the possible future works that can be done for better 

improvements:  

1. Develop more creative smart mobile application for showing the analysis of the 

statistics with additional features, 

2. A self-sustainable system uses all the energy with dispersing any energy out  

3. Adding more energy sources where the control unit is responsible for choosing the more 

efficient source at a current time based on weather if its sunny or windy and etc.  
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6.3 Project timeline 

In this section, will be showing how the work been divided and done in the timetable 

below.  

Table 6.1: Design project schedule. 

 

6.4 Conclusion  

 

This chapter has summarized the final report by providing a brief summary of the project. 

For this project, research has been accomplished as well as choosing the right hardware and 

software components as a part of the best technology selection. one major throwback of this 

project is that The University has been closed due to the spread of the coronavirus lock down 

in the country that made it hard for the team members to meet and to work together through 

the project.  
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