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Abstract 
 
The world's most populous areas — the United States, Europe, 
and China — account for the majority of global power 
consumption. There was an average rise of 3.3%, 2.2%, and 1.6% 
in the population of each country during the previous decade in 
China, India, and Brazil [1]. The current rate of global warming 
may be a result of our reliance on fossil fuels. A rising number of 
people are keeping lights, heaters, and TVs on all day, even when 
they aren't home, in an attempt to make their homes more 
pleasant. Homeowners can now keep tabs on their energy use 
and maybe save money with a new technology that has been 
developed to assist them. For micro-grids in Morocco using 
renewable energy, design and implement a home energy 
management system that provides customers with significant 
information about their energy consumption, as well as sensing, 
control, and smart algorithms for micro-grids. The topic of 
renewable energy is now a hot button issue in Morocco. One of 
the most often asked questions is how photovoltaics will be 
integrated into the world's distribution and transmission 
network. The theoretical and technical potential of Moroccan 
solar energy is enormous because of the country's high levels of 
solar radiation and plenty of open space. An Arduino-based 
network was used to connect two Smart Plugs in a microgrid and 
demonstrate the usage of eliable. 

 
Introduction 
 
The development of renewable energy and the 
expansion of the electrical system has led to an 
increase in demand for power. In addition to heating 
and cooling, new applications such as hybrid electric 
cars and heat pumps are increasing and using more 
electricity. Energy consumption peaks and troughs 
are making power networks more difficult to manage 
because of seasonal fluctuations in demand. 
Renewable energy sources are getting increasingly 
diversified in their methods of generation. As a last 
consideration, distributed computing is becoming 
increasingly widespread. 
 
The increased output of distribution networks that 
were intended to provide rather than gather electricity 
has resulted in an increase in energy injection. 
To make an electrical system smart, it must be able to 
interact with itself via gadgets. Currently, the only 
mode of public transit accessible is the vehicle 
designed largely for the goal of maintaining the 
supply chain's continuance. Distribution networks are 
woefully under-equipped in terms of communication 

tools due to the vast number of businesses (stations, 
lines, etc.) and customers they serve. With smart 
grids, the most important problem is how they are 
distributed to customers. Using the following table, 
we can see how a smart grid may outperform current 
electricity grids (table 1). Two-way communication is 
improved, power systems are managed depending on 
consumption, and customers are active participants in 
the smart grid's implementation. 
 
Literature Review 
 
Between 2010 and 2030, the world's energy 
consumption is projected to grow by a factor of four. 
However, global energy consumption is expected to 
expand faster than carbon dioxide emissions. Climate 
change is mostly caused by CO2 emissions from 
energy generation. We need a massive overhaul of 
our electrical infrastructure to fix this problem. 
 
As one of the most adaptable and in-demand energy 
sources, electricity is in great demand all around the 
globe. Rising temperatures are mostly due to an 
increase in carbon dioxide emissions from energy 
output. Climate change will need major changes to 
the present electricity grid. Industry, commerce, and 
homes all benefit from the electrical power system's 
capacity to meet their ever-increasing demands. 
Fossil fuel-based energy generation has a lot of 
negative environmental and social repercussions 
today. [3] 
 
In order to meet the increasing demand for energy, 
the use of fuel cells and other renewable sources of 
power is necessary. Renewable energy sources need a 
redesign of the power grid's ageing infrastructure and 
architecture. Traditional power systems should be 
more dependable, environmentally friendly, and 
smarter than present systems at this point in time. [4] 
 
As the need for power grows, so does the need to 
reduce carbon dioxide emissions in an ecologically 
acceptable, reliable, and cost-effective way. 
As a consequence, a new concept known as "smart 
grid" has emerged. 
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Asa consequencethe maindrivers for 
thesmart grid: 
 
Reliability : Providing high-quality energy 
whenever and wherever it is required. 
 
Capacity: supplying the world's ever-increasing 
need for power 
 
Efficiency: Power production efficiency and 
reductions in distribution, transmission and usage 
losses. 
 
Sustainability: Using and integrating renewable 
energy sources. 
 
SmartGridDefinition 
 
The "Smart Grid" uses computer technology to 
manage the market's supply and demand of electricity 
by maximising energy production, distribution, and 
consumption. Keeping track of network state in smart 
grids ensures that production, distribution, and 
consumption are all in balance. 
 
Because of brand-new problems with electrical 
infrastructure, an idea for a smart grid was hatched. 
In order to enhance the grid's overall efficiency, 
communication, sensors, control, and processing 
components all work together in the smart grid [6]. 
Smart grid efforts will enhance grid maintenance. 
Reducing energy usage by using current technology 
for operational and planning purposes. 
 
Self-healing capabilities, user engagement, fending 
off attacks, delivering higher power quality and 
supporting a wide range of producing and storage 
options are all key qualities for smart grids, as 
outlined in [7] by the US Department of Energy. 
Alternatively, "the next generation of distribution and 
consumption" may be used to define the smart grid. 
[8] 
 
Smart Grid in History 
 
The "smart grid" concept has been used on a broad 
scale since the late 1990s[9], but it is still a new and 
unproven theory. Electric power systems are ill-
equipped to meet the problems of the twenty-first 
century since they are based on outdated ideas and 

outdated infrastructure. 
 
Italian energy giant Enel S.p.A. began implementing 
the country's first Smart Grid technology as early as 
2000.There are now 30 million smart metres in use 
throughout the country[9]. 
 
In 2003, the U.S. started the process of creating its 
Smart Grid infrastructure. As of right now, the 
network has 200,000 connected devices and is 
expected to reach 300,000 within the next few 
months. Boulder, Colorado[9] is the second most 
popular city in the United States after Austin. As the 
first Smart Grid city in the United States, Boulder has 
more over 23,000 Smart Meters. 
 
Early progress has been made in many other 
countries and regions, including parts of the United 
States, toward the Smart Grid and the transition from 
one-way to completely bi-directional networks. 
 . 
Implementation of a Smart plug in a 
Home Energy Management System 
 
Both qualitative and quantitative findings are 
anticipated from this capstone project. The early 
twentieth century's considerable research has much to 
teach us about the smart grid. Because we drew on 
previous student work, we were able to add two-way 
communication to the gateway and a data flow to a 
central database that allows sensors to be read. This 
was an important step forward. 
 
Remotely transferring sensor data from one location 
to another utilising the X bee protocol and a star 
topology is the primary goal of this test If there are 
any signals that could interfere with each other, a test 
will be conducted. Since the previous research team 
used the Arduino Yun in the gateway, there has been 
no reliable wireless connectivity. This problem will 
be solved using an Aduino Uno and Ethernet shields. 
 
RESULTS 
 
It is possible to control the appliance while it is being 
detected. Both smart plugs' data is collected by the 
gateway, which may also communicate with the 
smart plugs simultaneously. Figure.... shows the 
Serial Arduino display on both smart plugs. 
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Figure 1 .Serial Arduino display 
Theserialmonitorboxofthecoordinatornoderetrievedth
edatainFigure22. It transmits the 64-bit sourceaddress 
every time it delivers data to the gateway 
(ex:13A200-40ABBC39). 
 
CORDINATORNODE 
 
This code was uploaded through the Arduino Uno on 
the gateway. Both Smart plugs send data to the 
gateway. We use the Mac addresses of responding 
smart plugs to sort the data into several categories.. 
 
 

 
 

 
 

Figure 2 .Gateway Arduino code 

 
RESULTS 
 
Data received and presented in the gateway may be 
shown using a serial Arduino display (Figure 24). 
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A serial Arduinodisplay is shown in Figure 3  of the gateway. 
 
The serial monitor box on the coordinator node 
provided the data displayed in Figure..... It is no 
longer possible to send data to the gateway using the 
64-bit source address (ex:13A200-40ABBC39). 
Make use of it to communicate your message. 
 
Conclusion 
 
Microgrid SHEMS have as their primary goals 
improving energy efficiency, increasing the return on 
investment in solar panels, increasing the amount of 
renewable energy they use and lowering their 
reliance on utility company electricity. 
This capstone project met its primary goal. For this 
research, real hardware prototypes were also 
developed, rather than just theoretical models of 
SHEMS. 
 
Initially, we investigated whether or not a solar 
power system would be advantageous to our home's 
energy supply. A case study was conducted on a 
typical home at this period. According to a cost 
study, renewable energy consumption in Morocco is 
still difficult to execute because of a scarcity of 
resources. We then developed a Household Energy 
Management System (HEMS), which enables 
customers to monitor and control different home 
appliances. Sensor data was gathered in the first 
phase of the investigation. This data may be sent to 
the gateway via the X bee communication protocol. 
Check that the smart plugs and gateway are 
communicating with each other before proceeding. 
The last step is to use Ethernet to send data to the 
database.  
All Mohammed BakrSikal's application development 
work was included into the final section of the 

project. 
 
The project's first constraint is the system's high 
implementation costs. A second problem exists in the 
control delay. This isn't the only problem: There 
aren't enough sensors in the lab to compensate for the 
lack of precision. The light sensor couldn't be 
calibrated since the lab didn't have a Lux metre. 
There were no more issues to be had. 
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