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Abstract 
 
The prices of fossil fuels have been significantly increasing over the past decades which has 

created a huge gap between the demand and supply of power. Furthermore, energy 

consumption has also been exponentially increasing mainly in residential areas and that’s due 

to the high number of appliances people are relying on in their daily lives. In this context, 

energy management systems and microgrids have been introduced with the main purpose of 

providing power quality to meet the different needs and accommodating a larger number of 

renewable energy sources. The aim of this capstone project will be to optimize the power 

consumption and that’s by implementing a microgrid in a household as a matter of illustration. 

Later, the models will be expanded to larger scales and will be more flexible and efficient than 

the conventional grids. Also, the microgrids will reflect good involvement and satisfaction of 

the customers for they will be directly involved in monitoring the smart grid. The main focus 

will be on optimizing and modelling the microgrid. The first part of this project will mainly 

consist on stating the problems related to the conventional grid. Later, the need for microgrid 

and an energy management system will be introduced and all the advantages of adopting a 

microgrid will be listed. Other than that, we will be comparing between the technologies and 

models that are adopted in this field in order to enhance the efficiency and the power 

management. Later, we will be simulating the different possibilities and combinations in order 

to choose the most efficient energy source that will increase the efficiency of our microgrid. 

We will be investigating the architecture of the microgrid by analyzing the generation of power 

and its storage. Furthermore, all the results and simulations will be based on Matlab in order to 

ensure the feasibility of this project. Finally, this project will have great societal impacts for it 

will help reduce the energy consumption, decrease the cost of the electricity bills and reduce 

the C02 emissions for renewable energies sources will be integrated in all the models. This 

project emphasizes the importance of optimization and modelling a microgrid in order to 

efficiently manage the energy generation, transmission, distribution and also storage in times 

of uncertain weather conditions.  Other than that, the financial feasibility will be taken into 

consideration and analyzed in order to ensure an affordable real-life model that will serve for 

the greatest number of people.  
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Introduction: 
1. The General context: 

In times of peak energy demand, huge gaps are recorded between the demand and supply 

of power. In other terms, the electrical power is not effectively managed nor judiciously 

consumed and that’s one of the main reasons behind the energy crisis that many parts of 

the word are dealing with. Energy is very vital for our daily lives and essential for the 

economical, industrial and social advancements. For this later reason, energy must be well 

managed and accordingly distributed and that’ s to promote and ensure sustainable energy 

consumption and management. In the 21st century huge demand for energy have been 

recorded all over the world and that led to more complex and bigger power grid systems. 

This later affected negatively the maintenance, energy management and monitoring. 

Energy demand became harder to track as the power grid was expanding, as a consequence 

communication deteriorated between the suppliers and the end users.  

As a result, a more modernized and efficient power grid system had to be developed in 

order to accommodate more generating plants, involve the customers in the process by 

continuously informing them and finally enable the efficient optimization of the power grid 

and its different functions. In this context, a microgrid was adopted and enabled the smart 

management of energy and the efficient communication for the energy demand. Other than 

that, microgrid reduced the CO2 emissions for it mainly relies on the integration of  

renewable energy resources which will help preventing the energy crisis, creating less 

demand on electrical energy and move the industries forward a promising future. The 

microgrid will enable the implementation of intelligence to manage, control and optimize 

the use of energy. This will assure reliability, price minimization and electricity bills 

reduction. 

 
2. The Moroccan context  

Morocco is no exception when it comes to the energy crisis that the world is facing. In fact. 

Morocco is a growing power in Africa and the world, however the country has no identified 

source of oil or fossil fuels which makes the country dependent on the energy imports from 

Europe and other countries. In fact, 91 % of Morocco’s power needs is imported from 

abroad, with imports including crude oil, petroleum products, coal and gas [1]. Other than 

that,  the demand for energy is significantly increasing which creates more stress on the 

energy resources imported .Morocco ,as a growing industry, is moving towards green and 

renewable energies in order to meet the needs of its citizens. In this context, efficient 
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technologies must be adopted in order to grant the good management of energy resources. 

In response, the Moroccan authorities have been launching many projects and hosting many 

conferences and that’s to promote a vision for a green future. The main goal is to reduce 

the energy imports from abroad and move towards implementing renewable energy 

resources. The main constraint is providing a larger number of people with efficient power 

at a low cost. The key to achieve this goal is by implementing a microgrid that will enable 

bigger energy plants and hence will provide  greater number of people with energy. Other 

than that, by implementing this smart energy, the demand for electricity will drop and more 

efforts will be focused on implementing efficient renewable energies. This will enable 

Morocco to reduce its energy imports and build a stronger economy. Other than that, when 

optimizing the microgrid a higher efficiency will be attained. Furthermore, modeling and 

simulating the models and prototypes of this project, will provide us with a more efficient 

microgrid system. 

3. Problem Statement  

With the increasing demand of energy, the conventional power grid is no longer efficiently 

managing the demand and supply of energy. Other than that, in the era of intelligence, more 

developed and efficient platforms have been developed and adopted and that’s in order to 

enhance the efficiency and involve the customer in the process. That’s why the need of 

introducing a microgrid was justified. This project will deal with the optimization and 

modeling of a microgrid in the context of smart home in order to be able to further develop 

the model on larger scales. Also, we will tackle the issues regarding the conventional grid 

and we will discuss in details how those laters can be avoided if we use a microgrid. Models 

and algorithms will be developed in order to optimize the microgird and the power 

consumption and the integration of renewable energies in the whole process. Other than 

that, the integration of renewable energies in the microgrid will be emphasized and many 

scenarios will be analyzed in order to show the effect of the use of renewables and the 

optimization program on the total energy bill cost . In this project, we will minimize the 

use of fuel based energies and provide the customers with green energies that will help in 

protecting the environment and minimize the emissions. Other than that, the integration 

and use of renewable are to be maximized in order to ensure the environmental impact of 

our project. 
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4. STEEPLE Analysis  

 

                 Figure 1: Steeple analysis 

SOCIETAL 
-Microgrid Optimization and Modeling will be of great societal impact for it 
will serve the customers on the first hand and will enable them to participate in 
the smart home energy management.  

-The implementation of the microgrid wouldn’t have been possible without the 
technological advancements. In fact, the microgrid represents a technological 
advancement of the conventional grid and will enable the smart management of 
the power and its consumption. 

ENVIRONMENT
AL 

ETHICAL 

TECHNOLOGIC
AL 

POLITICAL 

LEGAL 

-Microgrid has great environmental impact. This later will help minimize the 
power consumption and will consequently help reduce the CO2 emissions and 
the use of fossil fuels. Other than that, microgrid technology relies on 
renewable energies for the power generation.  

-All the data collected for this project will be properly documented which will 
reflect the ethics of this project. 

-Morocco is very dependent on the energies imported from abroad but thanks 
to the microgrid and the fact that it relies on renewable energies for the energy 
generation, Morocco will be importing less and that will have great political 
benefit on the country and will empower it. 

The implementation of the microgrid and the renewable energies for the 
energy generation adheres to the laws and ethics of the Moroccan society. 
According to law N 16-09 , this project will adhere to legal terms of Morocco .  

ECONOMICAL 
-The implementation of the microgrid will reduce the electrical power 

consumption and will provide energy for a larger population at an affordable 
price for the main goal of this project is to optimize the energy consumption .  
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2- Literature review: 
2.1- Conventional grid history: 

The origins of the conventional grid go back to the early 1880s and back in those time the 

structure of the electric systems was still small and under structured. No big power plants 

were developed and no complex management systems were required at that time. Other 

than that, two mains electrical systems were developed: the altering current (AC) system 

and the direct current (DC). After a strong competition between the two systems, the AC 

power system was largely voted for and that’s because it had the ability to allow high 

voltages and enabled their transmission through long distances, those high voltages were 

later transformed to lower voltages to meet the needs of the customers. In the early 1920s, 

the electric system started expanding and hence a power grid was built and that’s to allow 

the management and consumption of power over bigger areas. With bigger scale comes 

bigger responsibilities and constraints related to the generation and supply of energy. In 

this context, consumption rates were developed and they controlled the demand and supply 

of energy for customers. With time, the need for a better and more effective power grid was 

established. Reliability was the main constraint that needed to be optimized and effectively 

managed. With the growing size of the network, the transmission of electricity to larger 

areas started becoming more difficult. Other than that, with a better reliability the losses 

will be anticipated and minimized. The conventional power grid also provided good 

flexibility for it allowed the implementation of many energy resources and the power 

generation plants could be installed over long distances, however the energy efficiency may 

decrease with the transmission. Other than that, the transmission in the conventional power 

grid was subject to many researches for the power network started gaining more complexity 

over the last years. The power grid allowed competition also between the different energy 

suppliers and that served the main goal of providing energy to the larger group of people 

at the cheapest price. Despite all the competitive advantages the power grid is offering, the 

power grid still needs improvements and that’s in order to amend the increasing demand 

for energies and the implementation of new reliable energies in order to increase the energy 

efficiency. In this context, a new technology had to be implemented. The new technology 

had to account for a storage option that would minimize the demand for energy in times of 

peak energy demand. Other than that, the new technology would implement smart sensors 

and programs that would facilitate the management of the grid and would eventually 

eliminate the third parties and establish a direct relationship between the suppliers and 
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customers. Another concern about the conventional grid is that it uses the conventional 

energy resources like oil and the combustion of fossil fuels. All the previously stated 

reasons will start endangering the environmental conditions and will generate more CO2 

emissions. Over the past decades, the environmental aspect of projects and technologies 

started gaining more importance and was labeled as the initial concern of investors and 

customers. And that’s why there was the need of introducing an environmentally friendly 

technology that provided reliability, flexibility and efficiency. In this context, the use of 

sustainable and renewable energies started gaining more popularity and the preference for 

renewable energies started making its way in the market. And that’s when the microgrid 

was introduced in the market to solve all the issues regarding the power generation and 

distribution. Other than that, with the implementation of the demand and response 

algorithms, the customer will be involved in the management of the smart grid which will 

help minimize the power consumption in times of peak demand. 

2.2-   Conventional grid issues: 
 
With the increasing demand over power, the conventional power grid was unable to handle 

certain situations. The conventional power grid is designed to only cover the one-way 

communication, however this later engendered in enlarging the gap between the power 

suppliers and the end users. Other than that, the customers weren’t involved in the power 

management process and hence no demand response algorithm was involved in the process 

and this created discrepancy between the demand and supply for energy. The one-way power 

grid was no longer effective in matching the customers’ needs with the energy supplied. The 

one-way communication was not the only drawback of the conventional power grid, this later 

focused more on the protection of the power generation plants than in preventing the system 

faults and potential risks. The system of the conventional grid wasn’t designed to detect the 

emerging generation and transmission problems and hence had a poor prevention system. This 

weak prevention system is reflected in times of emergencies and unexpected events and 

reflects the vulnerability of power grid. Furthermore, the power quality is not a constraint that 

the conventional power grid is optimizing and hence the responses to power quality issues and 

complaints are slowly processed and resolved. The conventional power grid had been assessed 

to be weak and limits the integration of renewable energies. Other than that, it limits the 

number of power generating plants, the diverse storage devices and facilities. And with the 

increasing number of power generating plants, more obstacles and difficulties are faced in 

connecting all the power resources to the grid. Also, the old power grid doesn’t allow the 
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integration of smart technologies which hinder the development of the power grid and its 

functions. For all the previously stated reasons, we can conclude that the conventional power 

grid is enable to keep up with the increasing demand for power and hence a more efficient 

power grid has to be implemented. This later had to account for the implementation of 

renewable energies, the integration of demand response algorithms that will involve the end 

customers in the energy management and the demand and supply for energy and finally will 

help in minimizing the cost of the power bills and grant a higher customer satisfaction. All the 

formerly stated variables will help in granting a higher energy quality. In this context, the 

microgrid was introduced and implemented. 

2.3- Transition from traditional to microgrid 
 
As a response to the increasing demand, the microgrid was introduced and the industry moved 

from adopting the conventional grid that lacked the intelligence and flexibility to the microgrid 

that provided a large and developed power generation and transmission system. The following 

picture illustrates the transition: 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 2: Transition from traditional grid to modern grid[2]. 

The microgrid provided a very developed system that helped minimizing the emerging 

transmissions and distribution issues. The focus was mainly channeled towards preventing the 

system and the distributions errors. The microgrid involved the end customers by implementing 

a demand response algorithm that helped adjusting the demand and supply of energy. This will 

eventually reduce the cost of electricity bills and the demand for power during periods of peak. 

Other than that, quality is maximized in the microgrid and the implementation of renewable 
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energies is highly encouraged and adopted. In fact, the microgrid is able to coordinate huge 

number of power plants generation unlike the conventional grid. The microgrid allowed the 

two-way flow of energy and information which saved money and energy. The users are able to 

specify and track their energy consumption and hence they can adjust their consumption 

behavior to times of peak demand in order to reduce the cost of electricity bills. This technology 

encourages innovation and is flexible to new advancements and technologies. However, the 

two main challenges for the microgrid is the optimization of the demand response and the 

energy conservation and efficiency. The challenges facing the microgrid involve higher 

communication capabilities, faster reporting rates, better security and lower power losses [4].  

2.4-  Optimization challenges for a microgrid: 

2.4.1- Demand response: Matching demand to supply:  

The main challenge in the implementation of the microgrid is managing the increasing demand 

over power. The increasing number of power generating plants creates a huge gap between the 

demand and supply and generates energy losses. Hence the key to upgrade the microgrid and 

its functions is through implementing a demand response algorithm.  The traditional way to 

achieve demand response balance is through continuously adjusting central generation through 

demand side management [4]. The demand response consists of involving the end users in the 

energy management and that’s by making them manage their different appliances and 

switching them off in times of peak demand. Many DR algorithms are adopted and they are as 

follow: 

-Direct load control: This strategy is based on shutting down loads and decreasing or 

eliminating the industrial activities for a period of time. By adopting this strategy, the energy 

suppliers shift from generating and providing more energy to minimizing the demand over 

power. However, the main drawback of this program is that it doesn’t allow the participation 

of the customers and hence it breaches their privacy and control over their utilities. When 

adopting the DLC, direct permission is given to the energy supplier in order to cut down the 

cost of the energy bill. Since this method doesn’t involve the customer and limits his control, 

it’s not widely adopted. Another type of the DR algorithms is the price based programs and it 

is as follow: 

-Price based DR programs: This program mainly consists of encouraging their power usage 

to off peak hours. Hence instead of generating and supplying more power, the power generating 

units will shift towards providing the end users with incentives that will eventually reduce their 

power consumption and the cost of their energy bills. In this program, the power is giving to 

the customers and that could have any drawbacks. In fact, implementing this program relies 
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tremendously on the customers’ implication and awareness. Hence the results of this program 

can be unpredictable and very hard to track when not all the customers are effectively 

cooperating. 

-Energy conservation and efficiency: This DR algorithm aims to reduce the energy demand 

and consumption and at the same time grant the efficiency of the power transmitted. The 

implementation of this program can be hard because the customers must be convinced of the 

importance of decreasing their demand over energy. Also, in order for the energy consumption 

to be reduced, awareness must be raised to the importance of energy in our life and the costly 

process that precedes the power transmission and consumption. Other than that, this program 

aims in replacing old appliances with new and more efficient ones. This way, appliances will 

be operating in a less amount of time and hence consuming less energy and power. 

2.5: Demand management system 

A good management of the demand and response is achieved through the demand management 

system that is composed of subsystems and algorithms that analyze data and measurements 

sent by AMI [5,7]. No demand response algorithms are applied without an efficient demand 

management system. This later is charged to efficiently schedule power consumption during 

peaks periods and shift it to off peak. Other than that, it aims to minimize the number of power 

generation plants and preserve energy .This will not only reduce the carbon footprints but it 

will help save energy and money . A DSM program provides support towards power grid 

functionalities in various areas, such as electricity market control, infrastructure maintenance 

and management of decentralized energy resources [8]. In the case of electricity market control, 

the program is charged of providing the load controller about the power consumption and the 

load schedule. This information is processed into useful data that will help in identifying a 

pattern that will help in reducing or minimizing the power consumption. Hence the power 

consumption will be scheduled according to objectives and constraints set by the power 

provider and the end customers. After formulating the objective function, the program will 

enable the load optimization. 

Load is controlled through two main techniques: Peak clipping and valley filling [8]. The most 

effective and most common technique to manage the load is the load shifting . And it mainly 

shifts the load from PHs to OPHs [7,8]. The DSM controller grants electricity cost 

minimization, power consumption while maximizing the customers comfort. Below is an 

illustration of the DSM in the context of home energy management. 
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Figure 3: Working of demand side management (DSM). HEM: Home Energy Management 
from reference [8] 
 

3-Electrical energy consumption patterns 

The smart home energy management system has enabled the two-way communication and 

management of energy and resources. And thanks to the demand response system, we were 

able to track the load and optimize it. One method of reducing the peak period energy 

consumption is by load shifting. This method consists of efficiently managing the energy 

consumption by focusing on scheduling rather than generating and implementing other power 

generating plants. However, the main issue that may be faced is when load shifting another 

peak period may be created and that’s why it’s very important to track the load and recognize 

the power consumption patterns. As mentioned by F. McLoughlin in [9], we can notice two 

peak times. If we further analyze the graph, we can see that the peak occurs between six and 

nine pm , this can be interpreted with the end of the daily shifts and the time people get back 

home . The goal is to minimize the power consumption during these peak hours and that’s by 

ensuring the same quality to the end customers. 
Figure 4: Typical Average Household Consumption Pattern [9] 
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3.1-The constraints of Power consumption minimization: 

The goal as stated in the previous paragraph is to minimize the power consumption and switch the 

periods of high energy demand and consumption to periods where the price of electricity is relatively 

cheaper. The main target and goal is to guarantee the end users comfort and satisfaction and decrease 

the power consumption. In order to reach this goal, the objective function must be appropriately 

formulated and the main constraints and variables must be appropriately chosen in order to reach our 

end goal. In order to achieve this goal, an optimization algorithm must be adopted. In the literature, 

many optimization models with different constraints were implemented. In [10], the main target was 

power consumption. This later was optimized in order to be kept fixed by the energy provider. In other 

terms, the power was rather scheduled efficiently than generated in larger quantities. The algorithm 

adopted in this paper consisted of identifying the priority of the appliances. Later the value of 1 was 

attributed to appliances with higher priority and 0 to lesser ones. The priority of the appliances is defined 

by the customer who is hence responsible of switching ON and OFF the appliances. In this algorithm, 

the importance is only accorded to the power consumption on and no price constraint is considered. In 

[11], a new algorithm is adopted and it consists on adaptive scheduling that is meant to reduce energy 

consumption during peak hours without affecting the customers’ satisfaction. The algorithm consists of 

simulating and managing the different home appliances and identifying their cycle and power 

consumption. This algorithm enables the users to manage smartly their appliances. In [12], the authors 

adopted the mixed integer optimization and divided the day into a set of equal time slots that will be 

late used to create vectors for each appliance. The scheduled energy is analyzed and recorded in order 

to reduce the power consumption. In the same context, the authors in [13] came up with a similar 

algorithm that introduced the implementation of renewable energies to minimize the power 

consumption. This later also adopted scheduling and involved the customers in the management of 

appliances and that’s very similar to the adaptive scheduling algorithm previously stated. In [14], the 

authors also relied on the use of renewable energies in order to minimize the power consumption and 

to maximize the customers’ satisfaction. However, all these algorithms are only targeting the 

minimization of the power consumption without taking in consideration any dynamic pricing model. 

And that’s why the aim of this project is to maximize the customers’ satisfaction and the use of 

renewable energies for energy generation, minimize the power consumption and the electricity bills. 

3.2- The types of home appliances: 

The algorithm we will be implementing in this project will rely on linear programming in order 

to optimize the power consumption. Microgrid optimization and modeling is only achieved 

when loads are effectively managed and shifted. In fact, the formulation and implementation 

of the algorithm is highly dependent on the type of loads we are monitoring. In [13], they 

classified the electrical loads in the residential area into nine types as follows: 
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Figure 5: Classification of Electrical Loads by EPRI's load database[12] 

According to the authors in [13], critical loads are those which when controlled might affect 

the daily life activities of customers. On the other hand, the appliances that do not affect the 

customers directly are considered as controllable. There are three types of appliances: power 

shiftable, time shiftable and non shiftable [13,12]. For appliances that have a fixed schedule 

and power consumption periods cannot be controlled and there are hence considered as non 

shiftable. Power shiftable are the appliance that are highly consuming, however the user can 

control their use to minimize the power consumption such as water boilers, irons etc.. 

Our main focus is drawn on time and power shiftable appliances such as the iron , electric 

vehicle. 

 

 

 

 

 
 
Figure 6: Home appliances[12] 

Below is a table of the characteristics of all the appliances that will manage in the smart home 

as mentioned in [12],[13]: 
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Figure 7:  List of appliances with their characteristics [12],[13]. 

Our algorithm aims to apply adaptive scheduling in order to shift the loads from periods of 

peak demand that is characterized with high energy costs to period of lower demand and energy 

price. Customers’ satisfaction is a major constraint in our algorithm and it is aimed to be 

maximized. For this later reason, the algorithm will be adjusted to customers preferences as 

long as their choices are within the non peak periods. Other than that , our algorithm will be 

adopting a dynamic pricing model in order to account for the prices of electricity during all the 

times of the day. The optimization method we are going to adopt is the mixed integer linear 

programming with the objective function being the total cost of the power consumed. 

3.3-System model and problem formulation for power and time shiftable appliances : 

The user preferences are subject to adjustment and the algorithm is very flexible to any changes 

in the customers’ preferences. The optimization model has the following format : 

 

 

 

 

Appliance Type  User Preference and 

constraints 

Fixed 

Consumption 

appliances  

Non shiftable  24h aggregate of critical loads  

Water boiler  Power shiftable  Hourly consumption 0.8kwh. 

Daily requirement 3kwh. 

6am-8am/ 12am-2pm/5pm-

7pm 

 

Vacuum cleaner Time shiftable  Hourly consumption 0.4 kwh 

8am-8pm  

Daily requirement 300wh 

 

Electric Vehicle Power shiftable Hourly consumption 1.5 kwh 

Daily requirement 5kwh 

9pm-9am 
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Figure 8 : Mixed integer linear programming definition [19] 

The algorithm takes seven variables that we are going to define as follows: 

First we have the variable that we aim to minimize and which is the cost of power consumed. 

Let C=[c1, c2,…..,c24] be the cost vector .  

From 10pm to 7am, we have low power consumption rate of 0.44 DHS/KWh. 

From 7 am to 7 pm, we have higher power consumption and the rate is: 0.67 DHS/KWh. 

From 7 pm to 10pm we have the peak power consumption period with a rate of: 1.025 

DHS/KWh. 

The cost vector can be defined as the following: [0.44,0.44,0.44,0.44,0.44,0.44,0.44,0.67, 0.67, 

0.67, 0.67, 0.67, 0.67, 0.67, 0.67, 0.67, 0.67, 0.67, 0.67, 1.025, 1.025 , 1.025 , 0.44, 0.44]. 

First let’s start by defining the lower boundary vector for the first appliance.  

Let the first appliance be the water boiler . The minimum power that this appliance can 

consume is 0 KWh, whereas the maximum energy that can be consumed is 800Wh and that’s 

during the times the user will be using the appliances: 6am-8am , 12am-2pm and 5pm-7pm. 

. Hence we can express the values of the vectors as follows: 

Lb=[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] 

Ub=[0,0,0,0,0,0,800,800,0,0,0,0,800,800,0,0,0,800,800,0,0,0,0,0] 

 Now let X be the scheduled energy consumption pattern of the different appliances we have 

in the smart home and , hence X is a 24 by 1 vector : XaK=[Xa1,Xa2,……..,Xa24] , such that “a” 

refers to the different  appliances and k is a positive number  from 1 to 24 representing the 24 

hours of the day . 

Hence all values of X are greater than zero and Ub <X<Up and this will be the first constraint 

of our algorithm. For each appliance, we have a load limit which is the maximum energy that 

it should not exceed. Let’s refer to this maximum energy by Mload . In the case of the air 

conditioner Mload=1000W*5.5=5500Wh. 

Hence Σ Xa,k=[1,..24] ≤ Mload and this would be the second constraint of the algorithm. 
 

It’s very crucial to state that our algorithm will be effective for power and time shiftable  

appliances for we focus more about the total power consumed during a certain period of time. 
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However for time shiftable appliance, we care more about the operating time and our algorithm 

took all these constraints into consideration. 

Now let’s define the third variable and which is the matrix Aeq .The value of this matrix is 

adjusted to the entries of Ub , the values of the entries take only binary numbers . The entry of 

Aeq is 0 when the entry of Ub is 0 and 1 otherwise . 

Hence Aeq=[0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,0,0,0,0,1,1,0,0]. 

The water boiler will be operating for 3.75hours . Let beq be total energy consumed by this 

appliance in the six hours. Hence beq=3.75*800Wh=3000Wh.  

The constraints will be implemented in Matlab and the objective function will be minimized 

using the double integer optimization method. 

3.4-Dynamic pricing model: 

 

 
Figure 9: Dynamic Pricing Model 

This dynamic pricing model will give a better and clearer understanding of the fluctuations in 

the energy hourly rates. In other terms, it will enable a greater control over the prices and the 

electricity bills. Other than that, it will facilitate load scheduling in order to minimize the energy 
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cost. Furthermore, it will provide the customers with a good model that will help them manage 

their consumption pattern in order for them to avoid periods of high and peak demand.  

3.4-Optimal scheduling pattern for power and time shiftable appliances: 

In this first section, we will only optimize the use of one appliance at a time. The optimization 

model simulated in Matlab generates a graph specifying the operating times of the appliance 

that the customer must conform to in order to minimize the electricity bill.  

The algorithm adopted in this section only considers one appliance at a time.  

Below is the optimized pattern of two of the appliances previously stated: 

 

 

 

 

 

 

 
 

 

 

Figure 10: Optimized pattern for water boiler 

 

 

 

 

 

 

 

 

 

 
Figure 11: Optimized pattern for electric vehicle 
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Below is the Matlab code in the case of one appliance:  

 

 

 

 

 

 

 

 

 

 

 

 

 
After considering one appliance at a time, now we are going to optimize the consumption 

pattern of all the 3 previously stated appliances at the same time . The previous algorithm took 

into consideration the constraints of one appliance and that’s why a new algorithm was adopted 

in this section . Below is the Matlab code adopted for the optimization : 

3.6- Optimal scheduling pattern for n appliances: 
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The optimization model I adopted included 3 appliances, however the algorithm is very flexible 

and can be formulated to optimize more appliances. The result of the optimization algorithm 

is the following: 
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Figure 12: Optimized pattern of the 3 appliances 

 

4- Optimization of Energy Cost and Load shifting Results: 
 
 
 

  

 

 

 

 
Figure 13: Savings analysis 

The optimization algorithm that was developed in order to minimize the total energy bill 

succeeded in minimizing the bill cost from 207 DHS monthly to 128.13 DHS and this result is 

very promising in order to adopt load shifting and scheduling in the smart home. In fact, this 

algorithm enabled savings of up to 38.10%. A higher saving rate can be attained when 

integrating renewable energies and that’s what we are going to discuss in the coming sections. 
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5-The concept of a microgrid: 
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Figure 14: Illustration of a microgrid [20] 

The main goal behind microgrids is to ensure reliability, resilience and flexibility to customers. 

Other than that, one very crucial aspect that microgrids are enhancing is the implementation of 

green energies. Many microgrids nowadays rely on diesel generators, which create terrible air 

pollution [20].  For the later purpose, the main renewable energies resources that we are going 

to rely on in the modeling and optimization of the microgrid are solar and wind energies. the 

following sections will discuss this matter in further details.  

6-Integrating renewable energies: 
The aim of this project is to optimize and model a microgrid. In other terms, the main goal is 

to minimize the energy consumption and the energy bill by minimizing the cost of energy 

consumed. Other than that, this project is aiming to reduce the carbon footprints by encouraging 

people to adapt green energies and minimize the use of fuel based ones. For this reason, the 

microgrid we are modeling will have two renewable energies resources which are: solar and 

wind energy. The energy generated based on the previously stated resources will be used in 

order to minimize the use of electricity as a source of energy. In times of peak demand, the 

users can switch to renewable energies resources and reduce the demand over the energies 

provided by the supplier. Other than that , the microgrid will serve as a battery and a power 

plant. 

 

 

 

 

 

 

 

Figure 15 : Microgrid  as a battery [20] 

 

 

 

 



	 29	

 

 

 

Figure 16: Microgrid as a power plant [20] 

Microgrids have drawn tremendous attention and interests. In fact, the microgrid is able to 

provide energy to large network of customers in a more cost effective manner and hence it will 

reduce the contact between the customers and the main grid power providers. Actually, 

microgrids can operate either independently from the main grid in an islanded mode or with 

connection to the main grid [23]. However, renewable energy resources are characterized by 

their random and discontinuous characteristics along with the loads that tend to be 

unpredictable and uncontrollable. That’s why designing a reliable and efficient microgird is 

one of striking challenges. In the modeling and optimization of the microgrid of this project, 

methods will be used in order to effectively model and optimize reliable and stable microgrids. 

In the context of solar and wind energy as the main sources for power generation, issues related 

to matching demand to supply may occur. For instance, mismatch can occur when the energy 

generated by the combined renewable energies doesn’t meet the demand. In this case, we will 

be dealing with an energy deficit and this will influence negatively the customer satisfaction 

that we are aiming to maximize. The same power outrage can occur in times where the energy 

generated exceeds the demand. In this case, we must tackle the storage options available for 

the customers and their constraints. Storing energy can be very costly and expensive and may 

ruin the optimization model that we have suggested. And that’s why our project must consider 

the multiple scenarios and find the convenient solutions that will help in providing the 

customers with a more cost effective and reliable microgrid. First we will discus in details the 

photovoltaic systems and then we will tackle the wind turbine power plants. The goal is to 

establish a smart home that will be managed though a microgrid and provided with energy even 

when it is operating on island mode. The main constraint is in providing the customers with a 

cost and space effective technology that will contribute to their well-being and to the 

environment. If we succeed in implementing our microgrid strategy, we will not only reduce 

the use of fuel based energy but we will also enable the customer to be an active player in the 

power generation and distribution process . 
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Figure 17: Microgrid and renewable energies [28] 

 

6.1: The solar energy: 

The utility rate for electricity has been increasing over the past years. For the following reason, 

we are going to rely on solar energy generation to reduce the electricity consumption and move 

towards the sustainability of the natural resources and environment. According to [21], “the 

largest benefits of photovoltaics are in cost savings from avoided central power generation and 

capacity, deferred or avoided transmission and distribution investment and lower greenhouse 

gas and pollutant emission”. In order to tackle the efficiency of the photovoltaic systems, it’s 

very crucial to distinguish between the different types of Silicon used in the PV panels. The 

purity of the Silicon is a major determinant in the efficiency of the solar cells. In this coming 

section, we will discuss in details the different types of solar panels and will be focusing on the 

cost and space efficiency in order to choose the most convenient solar panel that will meet the 

requirements of our project. Crystalline Silicon solar panels are widely considered and used in 

the residential sector and that’s why we will be distinguishing between the two types of 

crystalline solar panels. 

6.1.1: Monocrystalline Solar panel: 

 

 

 

 

 

 

 

 

Figure 18: Monocrystalline Solar Panel [30] 
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Monocrystalline panels are the oldest and widely used solar panels. They are broadly used in 

the residential sector. According to [29], this kind of panel is easily recognizable by an external 

even coloring and uniform look, appearing as a single flat color and indicating high purity of 

silicon [30]. Monocrystalline panels are known for their highest efficiency rates [30] since they 

were manufactured using high purity of silicon. These solar panels recorded the highest 

conversion rate from sunlight to electricity with a percentage of 22% which outperformed all 

the other solar panels [31]. Other than the fact that  these panels are energy efficient, they are 

also distinguished by their space efficiency. This later is a very important criterion in the design 

and modeling of our microgrid. As our project aims to optimize the use of microgrids in a smart 

home to later extend our model to bigger and larger residential areas, the space that the power 

generation plants will occupy is our first constraint. These panels yield the highest power 

outputs and they also require the least amount of space [29]. Furthermore, monocrystalline 

panels have the highest life length as they can operate efficiently for up to 25 years [29,30]. 

This type of panels has better performance and efficiency than thin solar panels, however 

higher efficiency is equivalent to higher price. Besides the energy and space efficiency of the 

monocrystalline, they are also well-known for their outstanding performance at low light 

conditions [29]. Despite all the good advantages of the monocrystalline solar cells, these laters 

have some disadvantages too. In fact, their highest efficiency rates make them one of the most 

expensive photovoltaic system and hence they cannot be adopted by the majority of people. 

Actually, people may prefer a less efficient technology with an affordable price. Other than 

that, monocrystalline solar panels have very sensitive surface and their entire circuit can break 

down in case of shade, dirt or snow in top of it [29]. Finally, this type of panels is considered 

to be more efficient in warmer weather [29,31]. That’s to say, if we are considering 

monocrystalline solar panels for our project that will be based first in Ifrane, we must take into 

consideration the cold weather in order to choose the technology that will provide the users 

with the best output and efficiency. Monocrystalline solar panels are famous for being less 

efficient in regions with high temperatures. If we were to reflect this characteristic on our 

project, we would opt for the monocrystalline solar panels for they are meeting the weather 

conditions of Ifrane. However, since we are aiming to minimize the total bill cost and the 

overall  costs related of the project, we may not choose the monocrystalline solar panels for 

they are the most expensive ones. The choice of solar panels for our project will be based on 

the comparison of the three solar panels available in the market. 
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6.1.2: Polycrystalline Solar panel 

 

 

 

 

 

 

 

 

 

 

Figure 19: Polycrystalline Solar Panel [32] 

Polycrystalline solar panels unlike monocrystalline solar cells are manufactured by melting 

raw silicon into perfectly square wafers [30]. Polycrystalline solar panels are known to be less 

expensive than the monocrystalline for their manufacturing process is simpler and easier than 

the one of the monocrystalline. For this later purpose, they are less expensive than the first type 

of silicon panels. In this case, cost is a competitive advantage for the polycrystalline panels. 

And in the scope of our project, polycrystalline panels may be a better option. However, cost 

is positively related to the performance and efficiency of the panels. Hence in this case, a lower 

price of the panels will automatically engender in panels with slightly less efficiency and 

performance than the monocrystalline panels. The main disadvantage of these panels is the fact 

that they don’t operate efficiently under heat for they have a low heat tolerance [30]. 

Nevertheless, in the case of our project, this won’t count as a disadvantage because our project 

will be first based in Ifrane that is distinguished by its cold weather.   The second disadvantage 

of the polycrystalline solar panels is the fact that they are not space efficient [29]. In other 

terms, we will need to cover a bigger area with the polycrystalline panels in order to produce 

the same energy of a monocrystalline panel. Another disadvantage of the polycrystalline panels 

is that their low heat tolerance makes their life span shorter [30,31]. Poor aesthetics can be 

considered as a disadvantage for polycrystalline solar panels for they lack the uniform look of 

the monocrystalline and thin solar films. But aesthetics of the solar panels is not our main 

concern for we mainly prioritize the cost and efficiency. Polycrystalline solar panels seem to 

meet the requirements needed for our project. Now after comparing monocrystalline panels to 

polycrystalline, we will list the different characteristics of the thin films solar panels and then 

we will choose the most convenient solar panel for our project 
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6.1.3: Thin film amorphous Solar panel 

 

 

 

 

 

 

 

 

 

Figure 20: Thin film solar cells [32] 

 

The main thin film solar cell types include: amorphous silicon, cadmium telluride, CIS/CIGS 

and OPC which are organic photovoltaic cells [30]. The efficiency of these solar cells is very 

low compared to the other two previously stated solar cells with an efficiency ranging from 7 

to 13% [30,32]. However, the future generations of the thin films solar cells are believed to 

have a better efficiency. Despite the relatively low efficiency of these cells, they have a very 

simple manufacturing process and hence they are largely available in the market with prices 

that are relatively lower than the prices of the mono and polycrystalline panels. When it comes 

to aesthetics, thin films and monocrystalline panels have a more homogenous appearance [31]. 

For external use, thin films and monocrystalline panels are more adopted and that’s a 

competitive advantage for these two types of solar panels. The main advantage of the thin films 

solar panels is the fact that they are flexible. This later property gives more options for the 

integration of thin films solar panels in the industrial sector. Unlike monocrystalline solar 

panels, thin films can operate in high temperatures and their efficiencies will be slightly 

affected by the warmer weather. However, when it comes to cost efficiency, we find that thin 

films have the lowest space efficiency. For instance, monocrystalline solar panels can produce 

up to four times the amount of electricity as thin films for the same amount of space [29]. In 

this case, we can say that thin film solar panels aren’t very efficient however they are very 

cheap and that makes up for their low efficiency. Besides that, they have a very short life span 

which may not be very efficient for long term usage. After listing all the advantages and 

disadvantages of the thin films solar panels, we can say that monocrystalline and 

polycrystalline solar panels have better characteristics. In other words, thin solar films won’t 

be a good investment for our project for we mainly aim to maximize the customers’ satisfaction 
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and minimize the total energy bill cost and that’s by providing the customers with the most 

efficient technologies and algorithms.  

6.1.4: Best solar panel for the project  

After highlighting the pros and cons of every solar panel, it is easier now to choose the  solar 

panel  that will meet the needs and requirements of the project. First, the most important 

constraints are price and efficiency. Thin films solar cells as we previously mentioned have the 

lowest efficiency among the three solar panels and are not space efficient. That’s why we will 

exclude them and focus on the crystalline panels. Monocrystalline panels are the most 

expensive and have the highest efficiencies. However, in the scope of our project, since we are 

aiming to minimize the total cost, monocrystalline panels won’t be the best option. This leaves 

us with one last possibility and which is polycrystalline panels. Those laters are efficient and 

less expensive than the monocrystalline and that’s why we will choose them for the generation 

of the solar energy for our project. 

6.2: Wind turbine energy: 

Wind power is one of the most abundant energies resources in the nature. Solar and wind 

energies are two renewable energy resources that are driven by heat energy from the sun [33]. 

Wind energy or in other terms kinetic energy is mainly achieved from the rotation of the blades 

at a certain speed.  

 
 

 

 

 

 

 

 

 

 

 

            Figure 21: Wind turbine [33] 

The rotation of the blades is transmitted to the housing of the wind turbine causing the gears 

in the generator to rotate. In other terms, the wind speed is transformed to kinetic energy that 

is later converted into mechanical energy to be later converted into electrical energy by the 

turbine. The electrical energy is later used as renewable energy resource. Wind turbines are 
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one of the most space efficient power plants and that’s a competitive advantage for this green 

resource. The only disadvantage linked to wind energy is the fact that it’s largely related to 

the power of winds. In other terms, if the winds aren’t strong enough, we will have energy 

shortage and hence customers won’t be able to rely on this energy resource for it doesn’t 

reflect reliability. In the context of our project, we want to minimize the use of fuel based 

energies and that’s by providing the customers with reliable energies and that’s why we will 

rely on a combination of the two energies resources in order to smooth the fluctuations and 

the uncertainty related to the renewable energies. Wind energy will help minimize gas 

emissions and carbon footprints and will also help in cutting down the prices. In fact, wind 

power is the most cost effective source of energy [34] and it is considered as a clean source 

of energy for no harm is caused to the environment. Besides cost effectiveness, wind power is 

also space efficient for the power generation plant occupies only a small area at the base. 

Other than that, wind power is distinguished by its low maintenance and running cost 

however the installation cost is very expensive. All the previously stated reasons make wind 

energy an adequate energy resource that will help in providing energy that is environmental 

friendly and at the same time reliable. The main goal of this project is to optimize and model 

a microgrid; that will be achieved mainly through optimizing the energy use and minimizing 

the use of fossil fuels in order to protect the environment and reduce the emission of harmful 

gases. The goal of providing the end users with a clean and green energy comes with many 

constraints along which we can state reliability and efficiency. For the following reasons, we 

are aiming to minimize or eliminate the uncertainty related to the renewable energies and the 

unexpected characteristics of the loads and demand by combining the two sources of 

renewable energies that are solar and wind energies in this project. 

7- Ways to smooth out the power fluctuations in renewable energies generation: 

Due to intermittent characteristics of the renewable energy resources along with the 

unpredictable characteristics of the loads , we find ourselves in the obligation of finding ways 

in order to offset the fluctuations of the mismatch between the demand and supply for power.  

The main goal behind including renewable energies in this project is to reduce both the carbon 

dioxide emissions of conventional fossil fuels based generation and the energy transmission 

losses from generators to far apart loads[22]. The goal of creating a reliable , efficient and cost 

effective structure may be breached when there is mismatch between the demand and supply 

for energy. The energy generated based on the renewable energies may exceed or not meet the 

energy demanded. In this case , serious measures must be taken in order to create the balance 

between the demand and supply . The first solution that was highlighted is to use the 
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supplement conventional generation [23] and enabling energy cooperation among neighboring 

microgrids [24] [25] [22]. However, in the scope of our project and taking in consideration the 

fact that our microgrid will be modeled in Morocco, it will be very hard to cooperate among 

neighboring microgrids for the microgrid technology is not largely propagated. The second 

option is energy storage and it’s a very appealing solution but the main constraint is the fact 

that storage facilities can be very expensive. However, “storage for peak load reduction can be 

cheaper than new transmission or distribution infrastructure and will play a significant role in 

storage growth in the near term”[26].The solution suggested in this project is to shift the energy 

consumption to off peak periods and during periods of peak demand , the customers can rely 

on the renewable energies provided by the microgrid and hence they will be consuming 

independently from the main grid . The transition from electricity based energy to renewables 

cannot be done at once. And that’s why the transition must be smooth and very well analyzed. 

At first, renewables energies will be meeting the demand for energies in times of peak demand 

and in the period of times non-covered by the optimization program. In other terms, renewables 

will be a secondary source for energy in the short term. In the long term and with the increasing 

interest in microgrids and renewables, the electricity provided by the main grid will be the 

secondary source as renewables will be considered as the main source of energy. This plan will 

help in minimizing the carbon footprints and C02 emissions in the short term and will also help 

in minimizing the energy consumption price. In the long term, we will be operating with green 

energies only and that’s the end goal of our project in the long term. 
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Figure 22: Offsetting renewable energies fluctuations [27] 

8- Renewable energies generation 

8.1: Solar energy generation 

In this section, we will calculate the amount of energy we can generate from the photovoltaics 

system. As previously stated , we will rely on crystalline silicon panels more precisely 

polycrystalline panels for they are cost and space efficient . Other than that , they have good 

overall energy conversion efficiencies . We will be calculating the amount of energy generated 

from the solar panels based on the following formula : 

E= A*r*H*PR [35] 

As stated in [35]: 

E: is the energy generated in kwh 

A: The total area of the solar panel in m2 

r : is the panel’s yield which is calculated by dividing the electrical power generated by one 

panel over its area. This percentage is a representation of the efficiency of the panels. 

H: is the annual average solar radiation on the panels. 

PR: is the coefficient for losses related to all the different components of the photovoltaic 

system (inverter losses, temperature losses, DC and AC cables losses, shading losses, losses 

due to snow, dust, weak radiation …). This coefficient is very important for it reflects the 

performance of the solar panels. 

Now we will be calculating the energy generated from a polycrystalline panel that will be 

installed in Ifrane. We will be relying on the PVGIS program that offers the option to optimize 

the slope in order to maximize the output of the solar panels.  

The program showed the following results: 

 

 

 

 

 

 

 

 

 



	 38	

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: PVGIS output [36] 
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As shown in the graphs, the daily average energy produced by the photovoltaic system is 

4kWh. Now the goal is to effectively and efficiently use this energy produced in order to 

reduce the total cost of the energy bill . If we were to study two possible scenarios in order to  

study the effect of integrating solar energy into our microgrid, we will analyze the following 

situations try to reflect them on the optimized program introduced in the previous sections: 

- Integrating	solar	energy	in	the	non-optimized	program.	

- Integrating	solar	energy	in	the	optimized	program.	

We modified our optimization program in order to include the optimization of solar energy. 

The main idea was to shift the load to periods where the solar energy is at its peak. As shown 

below , the peak solar energy generation occurs from 6 am to 6pm, the following information 

will be formulated as a constraint for our program. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: PVGIS irradiation output [36] 

The following program was written and implemented in Matlab : 
%% MATLAB CODE for Optimization with PV 
%Dynamic Pricing model 
C=[0.44,0.44,0.44,0.44,0.44,0.44,0.44,0.67,0.67,0.67,0.67,0.67,0.67,0.67,0.
67,0.67,0.67,0.67,0.67,1.025,1.025,1.025,0.44,0.44]; 
plot(C); 
title('Dynamic Pricing model'); 
xlabel('Hours'); 
ylabel('Price(DHS/KWh)'); 
%% MATLAB CODE FOR POWER SHIFTABLE APPLIANCE 1:WATER BOILER-800W 
% OPERATING HOURS PREFERENCES: 6AM-8AM,12AM-2PM AND 5PM-7PM for 3.75 hours  
% Constraints: 
UbwaterbPV=[0,0,0,0,0,0,800,800,0,0,0,0,800,800,0,0,0,800,0,0,0,0,0,0]; 
AeqwaterbPV=[0,0,0,0,0,0,1,1,0,0,0,0,1,1,0,0,0,1,0,0,0,0,0,0]; 
beqwaterb=[800*3.75]; 
xwaterb=solve(C,UbwaterbPV,AeqwaterbPV,beqwaterb); 
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%% MATLAB CODE FOR POWER SHIFTABLE APPLIANCE 2:Vacuum cleaner-400W 
% OPERATING HOURS PREFERENCES: 8AM-8pm  for 0.75 hours  
% Constraints: 
UbvacuumcPV=[0,0,0,0,0,0,0,0,400,400,400,400,400,400,400,400,400,400,400,0,
0,0,0,0]; 
AeqvacuumcPV=[0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0]; 
beqvacuumc=[400*0.75]; 
xvacuumc=solve(C,UbvacuumcPV,AeqvacuumcPV,beqvacuumc); 
%% MATLAB CODE FOR POWER SHIFTABLE APPLIANCE 3:ELECTRIC VEHICULE-1500W 
% OPERATING HOURS PREFERENCES: 9PM to 9AM for 3.4 hours  
% Constraints: 
Lb=zeros(24,1); 
UbEVPV=[0,0,0,0,0,1500,1500,1500,1500,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]; 
AeqEVPV=[0,0,0,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]; 
 
beqEV=[1500*3.4]; 
xEV=solve(C,UbEVPV,AeqEVPV,beqEV); 
xAll = [xwaterb,xEV,xvacuumc]; 
figure; 
yyaxis left; 
bar(xAll); 
title('Optimized pattern for the 3 appliances with PV'); 
xlabel('Hours'); 
yyaxis right; 
plot(C); 
yyaxis left 
ylabel('Energy (Wh)') 
yyaxis right 
ylabel('Price (DHS/KWh)') 
function hours = solve(C,Ub,Aeq,beq) 
Lb=zeros(24,1); 
intcon=1:24; 
hours=intlinprog(C,intcon,[],[],Aeq,beq,Lb,Ub); 
end 
 
The results show a shift in the schedule of the different appliances in order to maximize the use 

of PV and minimize the use of electricity and hence the total cost of the energy bill. 
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The graph above shows the schedule time of the appliances in order to maximize the use of 

solar energy. And as the solar panels produce 4 Kwh of energy daily, we will account for this 

energy produced by consuming it at times where the energy rate is at its highest in order to 

discount that expense. According to the graph, the schedule of the appliances is concentrated 

at time where the rate is 0.44DHS/KWH and 0.67DHS/KWH. To reduce the total cost of the 

energy bill we will try to cut down the loads consumed at 0.67 DHS/KWH. In other terms ,we 

will reduce our energy importation by 4KWh and our total bill of energy by 2.68 DHS 

(4KWH*0.67DHS/KWH) daily. 

Non-optimized vs non-optimized with PV: 

 

 

 

 

 

 

 

 

 

 

 

 

 
In the graph, we can clearly tell that the integration of PV panels has minimized the customer 

total energy bill cost and hence increased his savings. We can say that the installation of the 

PV panels served positively the customer and the environment for it has minimized the total 

cost of energy paid by the customer or in other terms his consumption of electricity and hence 

reduced also the C02 emissions and the carbon footprints. 
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Optimized vs Optimized with PV: 

 
Non-optimized vs Optimized with PV: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
As we can see above the total cost of the energy bill has significantly decreased thanks to the 

optimization program and the integration of photovoltaics in the microgrid. Thanks to the 

integration of renewables, we were able to decrease the electrical energy imported from the 

main grid and that serves the main goal of our project.  Since the end goal is to fully optimize 
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the microgrid and its energy resources, we are going to increase the integration of renewables 

and that’s by integrating a wind turbine in the microgrid as a source of energy. As solar energy 

is not at its peak generation 24h/24h, we are going to compensate for the low solar energy 

generation during the non-peak hours with the energy generated by the wind turbine. Unlike 

the solar energy, the wind energy generation cannot be easily predicted and hence we will not 

have an optimization program that schedules the use of wind energy. However, wind energy 

will always be stored in order to compensate for the times where solar energy is at its lowest 

and we will be using the energy generated by windmills to reduce the energy imported from 

the main grid. The energy generated will be used locally only in order to benefit from it the 

most. In the coming section, we will discuss in details the wind energy generation and storage. 

8.2: Wind energy generation: 

To calculate the wind energy that we can generate from a wind turbine, we are going to rely on 

the following formula: 

 
 
 

 

 
Figure 25: Wind turbine blades [37] 

 
 

Where  

 

 

 

Figure 26: Wind power calculation formula [37] 
 

According to Albert Betz, the maximum power that a wind turbine can convert is 59% and the 

real word values of the power efficiency is between 0.35 and 0.45 [37]. For our wind turbine 

system, we are going to assume a power coefficient of 0.4 and a blade length of 20 meters.  

The air density is a constant and it’s equal to 1.23kg/m2. The swept area of the blades is 

calculated by the following formula:                 , where r is the length of the blade .  
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To get the wind speed, we got the data from the world weather online database and we got the 

following graph showing the average wind speed at the different months of the year in Ifrane, 

since we are willing to base our project in Ifrane and then extend it to bigger areas and cities. 

 

 

 

 

 

 

 

 
 

Figure 27: Wind data in Ifrane [38]  
 

 
 

 

 

Figure 28: Wind speed generation 
To calculate the power generated, we will estimate an average wind speed of 7mph that’s 

equivalent to 3.129 m/s. 

If we analyze the option of reducing the total energy bill, we would assume that we sell the 

energy generated by the wind turbine to the main grid for 0.67 DHS/KWH in order to reduce 

that expense . The price of the energy generated will be then deducted from the total bill price. 

Below are the detailed calculations and scenarios: 

Non-optimized vs non-optimized with Wind/turbine: 
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Optimized vs Optimized with Wind/turbine: 

 

 

 

 

 

 

 

 

The negative sign of the price shows that we eliminated the expenses and had an excess of 

energy production that can be sold at the absolute value of the updated energy prices. For 

instance, -2.0605 DHS savings a day means that we covered the original 4.271 expense and 

saved an additional 2.0605 DHS. In this case, we can interpret the 2.065 DHS saving with the 

two following scenarios: 

-Selling	the	energy	back	to	the	main	grid	and	making	the	profit.	

-	Storing	the	energy	and	using	it	at	time	where	the	energy	demand	is	at	its	peak	in	

order	to	reduce	the	total	energy	bill.	

In both cases, the customer is benefiting from the integration of renewable energies and is 

reducing the total energy bill which serves exactly the goal of this project.  

Non-optimized vs Optimized with Wind/turbine+ Storage: 

 

 

 

 

 

 

 

 

Non-optimized vs Optimized with PV+Wind/turbine+Storage: 
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Thanks to the integration of both wind and photovoltaics system, we were able to cut down the 

consumption of electrical energy from the main grid and rely on the renewable energies from 

the microgrid. Not only we were able to minimize the electrical energy consumption but we 

also provided the customer with a sustainable energy resource that is environmental friendly. 

Thanks to the optimization program that we developed and the integration of renewable 

energies, we were able to first shift the load demand from periods of high peak to times where 

the energy rate is relatively cheaper. By doing that, we had more control over the load and the 

energy consumption without decreasing the quality of the energy consumed nor affecting the 

customers ‘satisfaction. The second method adopted was the implementation of PV and wind 

energy in order to provide the microgrid with a reliable and flexible energy source. The 

fluctuations and uncertainty of the renewable energies generation were offset by diversifying 

the energy resources. The solar panels and the windmills characteristics and size are subject to 

change. The focus of our project was a small home with 3 appliances and we modeled the 

energy resources and microgrid in order to meet the energy demanded by the customers. Since 

the model we implemented was very efficient, we can now extend it to larger residential areas 

and blocks. The goal of this project is to maximize the use of microgrids and the integration of 

renewable energies. In order to do so, awareness must be raised to the importance of energy 

conservation in our daily lives and the effect of fossil fuels based energies on our health and 

environment . The use of renewables will not only provide people with a reliable source of 

energy but will also reduce the cost of the energy bill over the long term. In fact, the expenses 

of integrating renewable energies occur on the short term when installing all the equipment, 

however on the long term only maintenance costs will be taking place. The main challenge 

today is to provide customers with a reliable and resilient system. In this context, we will 
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introduce energy storage for it’s the backbone of every microgrid. Energy storage is what 

guarantees stability in a microgrid and smooths out the fluctuations related to the renewable 

energies production and generation.  

Below are some graphs illustrating the savings that we were able to optimize thanks to the 

optimization program and the integration of renewables: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the coming section, we will discuss in details the importance of energy storage in a 

microgrid. 

9-Energy Storage: 

In the previous sections, we talked in details about the microgrid and the different challenges 

linked to providing the customers with a technology that is reliable , efficient , resilient , secure 

and cost savings . For the later reason, we optimized the energy use and consumption by 

shifting the loads to periods where demand is not at its peak. Afterwards, we tried to minimize 
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the use of electrical energy by providing the microgrid with renewable energies. Thanks to the 

optimization program and the integration of renewable energies, we were able to cut down the 

use of electricity. However, in the process we had an excess in energy production and in the 

absence of storage facilities, customers won’t be benefiting from the energy excess locally. 

According to [39], it’s only through dynamic energy storage that microgrid customers will 

ensure the future use of the excess of energy production. Besides that, energy storage will 

minimize the uncertainty linked to renewable energies. For instance, when the wind speed is 

too low or the sun radiations aren’t that strong, we will be facing a difficulty in meeting the 

demand for energy. However, with a dynamic storage system, the microgrid will be able to 

sustain the bad weather conditions and still provide the customers with the sufficient energy 

that will meet all their needs. Other than that, with the increasing number of customers, the 

microgrid will be facing difficulties in generating energy that will meet the increasing demand. 

In this case, we can opt for two scenarios in order to reduce the pressure that the microgrid is 

facing. The first option would be to install additional stations and extend the transmission and 

production facilities. This option is doable but is very costly and will not take into consideration 

the cost constraint that we are willing to maintain through this project. The second option would 

be to rely on the excess energy that will be stored. The later will be used during period of peak 

demand in order to reduce the demand for energy and will also help smoothing the disturbances 

linked to the solar and wind energy. In other terms, energy storage in a microgrid is the key to 

providing the customers with a cost effective microgrid that is at the same time resilient and 

reliable. Besides all the advantages of storage previously stated, energy storage enable the 

system owners to earn additional revenues by selling back the energy to the main grid [39]. 
The main impressive advantage of integrating an energy storage system is that in times of 

energy shortage or outage, the microgrid can operate on island mode. The following option is 

only possible when microgrids are equipped with an energy storage system. In other terms, 

when the main grid is no longer able to meet the demand for energy or is facing some issues, 

the microgrid can step up and support the loads [39]. Now the challenge is to opt for the best 

storage system that will help supporting the overall cost effectiveness of the microgrid and its 

resilience. Below is an illustration of the microgrid model that we are aiming to build though 

this project: 
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Figure 29: Microgrid system [40] 
9.1- Electric vehicles as a storing system: 

In the previous sections of the project, we defined a set of appliances that are to be managed 

and monitored using the microgrid system. Among those appliances, we referred to the electric 

vehicle. In this section, we are going to refer to the electric vehicle as a storage facility. Since 

the main goal of this project is to minimize the electrical energy consumption generated from 

the fossil fuels and integrate renewable energies in order to protect the environment and reduce 

the C02 emissions, we will be reducing the cars emissions by reducing the use of oil and fuel 

and relying on the energies provided by the microgrid .Other than that , taking in consideration 

the fact that our model will be first be based and designed for a residential area , we will try to 

benefit from the possibility of storing energy in the electric vehicles. Our goal will be to 

maximize the use of renewables in the plug in electric vehicles. In order to reach this goal, we 

will make sure to coordinate and optimize the energy generation and storage. Taking in 

consideration the fact that our model will be simulated in a residential area first to be later 

extended to larger areas, we will base our storage system in the parking facilities. Hence in this 

case, parking facilities will play an intermediary role between the microgrid and the renewable 

energy resources. Solar panels and windmills will be directly connected to the microgrid that 

will provide energy to the electric vehicle. Part of the solar and wind energy will be used to 

charge the electric vehicle, meanwhile the excess energy will be stored in the vehicle charging 

stations [41]. We have already succeeded in minimizing the use of fuel based energies by 

integrating renewable resources, now by integrating electric vehicles, we will minimize the 

fuel consumption, the emissions and the energy cost. In other terms, we have fully achieved all 

the goals that we have set for this project. The following picture illustrates the parking station 

model that we are aiming to implement in the residential areas: 
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Figure 30: Parking facilities and microgrid [41] 
 

Future work: 

The real challenge about microgrids is their limited propagation. Taking Morocco as the initial 

concern of this project, people are still not aware of the existence of microgrids technology. In 

the absence of knowledge about the subject, it will be hard to convince people to adopt this 

technology that will help in reducing their energy bill cost and their CO2 emissions. However, 

over the past years, Morocco has started opening up to renewable energies and their generation. 

In fact, Morocco is really dependent on the energy imported from Europe mainly and that 

affects negatively its GDP and its overall performance. And that’s why the integration of 

microgrids is a necessity especially in the Moroccan context which is the main focus of this 

capstone project. Morocco has been making many advancements in the field of renewable 

energies and has sat many challenging and ambitious goals, many national strategies were 

developed in order to integrate renewable energies in the Moroccan society. An ambitious solar 

plan was established recently in the COP22 in order to encourage the local generation of 

energy. The openness to the integration of renewable energies will eventually help in the 

integration of microgrids. In this project, we were able to provide the customers with a reliable, 

resilient and cost effective system that will help him to reduce the energy imported from the 

main grid and mainly rely on the solar and wind energy generated locally in the microgrid. The 

future work of this project would be to extend the algorithms and all the work done in this 

project to bigger systems. Since our model was based on a smart home, the continuity of our 
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work could be extended to residential areas , districts, campuses , factories , cities and why not 

to a whole country . Other than that , optimization concerning the storage should later be 

investigated in order to ensure a total optimization of our model .  
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