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Abstract—Photovoltaics are one of the most important 

renewable energy sources to meet the increasing demand for 

energy. This led to the emergence of Microgrid s, which 

revealed a number of problems, the most important of which is 

managing and monitoring their operation, this research 

contributes mainly by using a maximum power tracking 

algorithm Which depends on artificial neurons and integrating 

it with a proposed algorithm for energy management in 

Standalone DC Microgrid, in order to control the distribution 

of power and maintain the DC bus voltage level.  Maximum 

Power Point Tracking (MPPT) algorithm based on ANN+PID 

is used. Where ANN tracks the maximum power point by 

estimating the reference voltage using real-time data such as 

temperature and solar radiation. The PI controller reduces the 

error between the measured voltage and the reference voltage 

and makes the necessary adjustments in order to control the 

boost converter connected to the photovoltaic panels. While the 

process of controlling the DC bus voltage level is done by 

controlling the battery charging and discharging process 

through the power management algorithm and controlling the 

Bidirectional converter switches according to the battery’s 

state of charge. The simulation results obtained by used 

MATLAB Simulink are shown that the used MPPT algorithm 

achieved the maximum power with the least amount of 

fluctuation, the method's efficiency was 99.92%, and its 

accuracy was 99.85%, as well as the success of the power 

management algorithm controlling the battery 

charging/discharging process and maintaining the DC voltage 

level at the specified value in different operating scenarios. 

Keywords—DC Microgrid; Photovoltaic (PV) Systems; 

Maximum Power Point Tracking (MPPT); Voltage Regulation; 

Battery Energy Storage System (BESS); Energy Management 

(EM). 

I. INTRODUCTION   

In recent years, there has been an increase in the demand 

for electrical energy, and because electrical energy 

generation relies mainly on traditional large power stations 

that rely on fossil fuels, this has led to environmental 

pollution and global warming. The search for sustainable 

sources of energy has become crucial for attaining 

sustainable development and protecting the environment in 

light of the environmental difficulties facing our world. This 

resulted in the creation of a brand-new form of electricity 

generation known as Distributed Generation (DG). 

Distributed generation can make use of both unconventional 

renewable energy generation methods like sunlight, wind, 

water, etc., as well as small-scale conventional power 

generation methods like micro and gas turbines [1][2]. 

In general, distributed generation, storage, and load 

clusters used to enhance the dependability and quality of 

local power systems and supply are referred to as 

Microgrids. Microgrids can be AC, DC, or DC-AC hybrid 

Microgrid [3]. However, DC Microgrid is preferred since it 

has less complicated control, doesn't have problems with 

grid synchronization, has harmonics and reactive power, and 

has lower conversion losses [4][5]. Applications for 

standalone or isolated Microgrids include homes, mobile 

phone towers, electric vehicles, marine ships, spaceships, 

submarines, etc.[6]. Naturally, Microgrid need algorithms to 

control operation as well as to manage power in order to 

provide loads with the necessary power at the appropriate 

voltage level in various operating conditions, as well as to 

manage and transfer power between sources and loads 

[7][8][9]. 

In this research, photovoltaic cells were used as a source 

of renewable energy. As a promising and long-lasting 

source of clean energy, photovoltaic (PV) panels have 

gained popularity. A photovoltaic cell is an item that uses 

solar radiation to produce electricity [10]. Sun PV array 

power output is influenced by the sun irradiation value 

[11][12]. As a result, the location and climate affect how 

much electrical energy can be produced by solar panels   

[13][14]. Without specialized technology, solar panels won't 

be able to produce at their full capacity. Maximum power 

point tracking( MPPT), also referred to as MPPT, is a 

method used to maximize the amount of electricity that solar 

panels can produce [15][16][17]. Incremental Conductance 

(InCond) and Observation and perturbation (P&O) are two 

popular traditional MPPT approaches that can be used 

[18][19][20]. These methods are usually used because of 

their affordability, simplicity of use, and easiness. However, 

each of these methods has shortcomings. PV systems 

wobble around MPP due to operating point variations that 

occur when they reach MPPT [21][22]. Likewise, P&O is 

also unable to apply MPP in systems with frequent changes 

in the environment because of slower convergence. A 

(InCond) MPPT technique has a extra complex algorithm 

than P&O because it can manage rapid changes in irradiance 
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and allows for variation in current over voltage; 

nevertheless, this approach has drawbacks, including 

vagueness in identifying step size and associated oscillations 

[23]. In this work, in order to obtain the maximum power, a 

method is utilized that depends on predictive Artificial 

Neural Networks (ANN), the MPPT based on Proportional 

and Integral controller (PI), and ANN (Hybrid ANN + PID). 

The PID was used to enhance the performance of ANN and 

eliminate its flaws, as it needs reliable data for training and 

testing, While the ANN algorithm tracks the maximum 

power point (MPP) by estimating the voltage at that point 

(reference voltage) using real-time data like temperature (T) 

and solar radiation (Irr), the PI controller looks for errors in 

the voltage difference between the measured and the 

reference voltage and makes the necessary adjustments to 

the process. However, the voltage generation by solar panels 

is not steady or constant, even using MPPT. It varies based 

on variations in sunlight and load [24]. This can cause 

problems for some devices or systems that require a 

consistent voltage input. Since the stability of the voltage 

profile is a vital and important requirement for the DC 

Microgrid [25]. In order to regulate voltage, lessen the 

effects of intermittent energy sources, and  preserve the DC 

Microgrid   power quality, energy storage technology and an 

appropriate power management plan must be employed 

[26][27]. A large amount of work has been done on voltage 

regulation on a Microgrid's DC bus such as in literature 

[28][29]. But, anytime there is an abrupt change in the 

inputs, control, or outputs (i.e., loads connected to the DC 

bus) voltage depressions and swells. In this work, we will 

try to reduce this problem and obtain a stable DC bus 

voltage level . 

In this research, a power management algorithm 

consisting of several loops was proposed in order to obtain 

the maximum possible power from the PV panels by 

controlling the operation of the dc-dc boost converter. as 

well as to maintain DC bus voltage level and control the 

process of transferring excess power that generated by PV 

panels to the battery and storing it, this power will be used 

again if there is no generation or not enough power to 

supply for loads. this is done by controlling the switches S1 

and S2 of DC-DC bidirectional converter. Where the bi-

directional converter helps with effective control of the 

battery energy storage system (BESS), and This help to 

maintain the amount of power supplied even under heavy 

loads [30][31]. Various power flow management strategies 

and control technologies have been detailed in published 

work [32][33][34][35]. 

In this article, a Microgrid system will be described, 

containing photovoltaic panels as the primary source and a 

battery energy storage system as the secondary energy 

source. The PV panels are connected to the DC bus via a 

boost converter, and the battery is connected to the DC bus 

via a bidirectional converter. This paper contributes to the 

use of a power tracking algorithm based on artificial 

neurons and integrated with a PID controller in order to 

obtain the maximum power from solar panels, and propose a 

power management algorithm is to manage the distribution 

of power in a Standalone Microgrid, also managing the 

charging and discharging of the battery, and maintaining the 

DC bus voltage level by controlling the power converters 

that connected in the DC Microgrid.  

The structure of this document is as follows. The system 

is described and modeling in Section 2. The strategies of 

control and power management of DC Microgrid are 

presented in Section 3. Section 4 showcases System 

simulation and results under different operating conditions. 

A comparison between MPPT algorithms is made in Section 

5. The paper's conclusion in Section 6. 

II. SYSTEM DESCRIPTION 

In order to achieve the contribution of this research, 

which is to propose a new algorithm for DC Microgrid 

energy management, as well as to use one of the modern 

methods to obtain the largest possible amount of energy 

from solar panels. A clear roadmap for performing 

simulations, obtaining results, and completing the DC 

Microgrid power management process has been drawn for 

this research. Fig. 1 shows the most important steps 

followed in this work. 

 

Fig. 1. Flow chart of research   

Beginning, a DC Microgrid is illustrated, whose power 

sources consist of photovoltaic panels with a battery energy 

storage system, as in Fig. 2, to compensate for any shortage 

of power or to store the surplus of power produced. In 

addition to the photovoltaic array and the storage system, 

the system consists of electronic energy converters, where 

the photovoltaic panels are connected to the DC bus via a 

boost converter in order to raise the output voltage of the 

photovoltaic panels to the required level. The battery is 

connected to the DC bus using bi-directional DC-DC 

converters to control the process of charging and 

discharging the battery, and the loads are connected to the 

DC bus directly. 

 

Fig. 2. Block diagram of the DC microgrid   

Step 9: Presentation and discussion of the results

Step 8: Obtain and analyze simulation results

Step 7: Integration of Algorithms

Step 6:Battery Charging and Discharging Control

Step 5: DC Bus Voltage Control

Step 4: MPPT Algorithm Implementation

Step 3: Simulation Runs

Step 2: System Modeling

Step 1: System data collection
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A. Photovoltaic Cell Model  

In general, a photovoltaic system consists of modules 

connected in series or parallel, each consisting of several 

photovoltaic cells [36]. The analogous circuit for solar cells 

is seen in Fig. 3, along with the equation connecting the 

circuit's current and voltage as [37][38]. 

𝐼𝐿 =  𝐼𝑝ℎ − 𝐼𝑠  (𝑒
𝑞( 𝑉+ 𝐼𝑅𝑠 )

𝐴𝐾𝑇 −  1 ) −  
𝑉 + 𝐼 𝑅𝑠

𝑅𝑠ℎ

 (1) 

Where 𝐷 indicates a nonlinear diode, 𝑅𝑠 is the series 

resistance, and Rsh indicates a parallel resistance. IPh 

indicates the photocurrent. 𝑇 is the cell's absolute 

temperature (𝐾), A indicates the 𝑃 − 𝑁 junction ideality 

factor, 𝑄 indicates the coulomb constant, 𝐾 indicates 

Boltzmann's constant, and 𝐼𝑠 indicates the diode saturation 

current. 

 

Fig. 3. The equivalent circuit of a solar cell  

B. DC-DC Boost Converter Model 

Power converters that boost voltage form their input 

source into their output are known as boost converters. 

Here, the input source is a solar panel's voltage. The circuit 

diagram for the boost power converter is shown in Fig. 4. 

An unregulated DC voltage produced by clean energy 

can be raised to a higher voltage needed by loads by using a 

boost converter. The components of this circuit are load 

resistance (R), capacitance (C), and inductance (L). I and V 

denote, respectively, the voltage output at the capacitor's 

ends and the current passing through the inductor. To 

calculate the parameter values for a dc-dc boost converter, 

utilize equations (2)-(5) in [24]. An dc-dc boost converter 

has an output voltage that is greater than its input voltage, 

expressed as follows: 

𝑉𝑑𝑐 =   
𝑉𝑃𝑉

1 − 𝐷
 (2) 

Where 𝑉𝑝𝑣 indicates the input voltage, 𝐷 indicates the duty 

cycle, and 𝑉𝑑𝑐 indicates the output voltage. To achieve the 

process of raising the voltage in the boost, the value of 𝐷 

must be between zero and one. Calculating the output 

current is achievable by. 

𝐼𝑑𝑐 =   𝐼𝑃𝑉 (  1 − 𝐷 ) (3) 

In order for the converter to run in continuous current 

conduction mode, an inductance must be large enough such 

a way that the current flowing through the inductor IL is 

always continuous and never zero, as specified by: 

𝐿1 ≥   
𝐷(  1 − 𝐷 )2𝑅

2𝑓
 (4) 

Where 𝑅 indicates load resistance, 𝐿1 indicates minimum 

inductance, and f indicates the booster converter's switching 

frequency. 

The output voltage ripple is around 2%, as indicated in 

[39]. This ripple can be reduced by having a large enough 

capacitor on the output, after calculations were performed to 

find the amount of output capacitance and inputting 

capacitor that would provide the appropriate output voltage. 

𝐶 ≥   
𝐷

∆ 𝑉𝑑𝑐 𝑓𝑅
 (5) 

 

Fig. 4. The block structure for a boost converter  

C. DC-DC Bidirectional Model 

The DC-DC Bidirectional Converter is considered the 

primary link between the DC Microgrid and the autonomous 

BESS [16]. Its primary job is to give the Microgrid steady 

functioning and control. Typically, DC-DC converters, such 

as boost and buck converters, lack the ability to handle 

bidirectional power streams. This restriction results from the 

structure's diodes, which obstruct the flow of current in the 

opposite direction [40]. In general, a unidirectional DC-DC 

converter's architecture could be changed to make it 

bidirectional by replacing the diodes with a governable 

switch. Fig. 5 shows the design of the bi-directional 

Converter. 

The work of the bi-directional converter has been 

explained. When does it work as a boost converter and when 

does it work as a buck converter in previous research 

[30][41]. 

 

Fig. 5. The block structure for a Bi-directional converter  

Choosing the inductor and the capacitor: The inductor's 

design affects how the converter operates overall. The size 

as well as the weight of a strong inductor which can be the 

biggest component in the entire converter are the main 

causes for concern. Selecting a low inductance value is 

required in order to reduce the weight and size of the 

inductor [42]. The critical inductance (LCR) value is the 

lowest inductance value that is anticipated to ensure that the 

converter operates in a continuous conduction mode (CCM). 

For the boost and buck converters, the critical inductance is 

(6) and (7). 
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𝐿𝑐𝑟,𝑏𝑜𝑜𝑠𝑡 =  
𝑇𝑆𝑅𝐿 

2
 (1 − 𝐷 )2 (6) 

𝐿𝑐𝑟,𝑏𝑢𝑐𝑘 =  
(1 − 𝐷 )𝑇𝑆𝑉𝑂 

2𝐼𝑂

 (7) 

Where (𝑅𝐿) indicates the load resistance, (𝑇𝑆) indicates the 

switching period, and (𝐷) indicates the duty cycle in the 

steady state. 

Furthermore, the ripple voltage of the capacitor can be 

used to determine the input and output capacitances. 

𝐶𝑖𝑛 =  
∆𝐼𝐿 

8∆𝑉𝑖𝑛

 𝑇𝑆 (8) 

 𝐶𝑜𝑢𝑡 =  
𝑉𝑂𝐷

∆𝑉𝑂𝑅𝐿

 𝑇𝑆 (9) 

Where ∆𝐼𝐿 indicates the inductor ripple current and ∆𝑉𝑜 

indicates the output ripple voltage. 

D. BESS Model 

In a DC Microgrid, the selection of battery power and 

storage system size is critical due to the nature of unstable 

generation from renewable energy sources [43]. Which 

ensures a constant supply of electricity even in times of low 

or intermittent solar energy production. By acting as a 

buffer zone, it increases the overall reliability and resilience 

of the grid by absorbing the excess energy generated by 

solar panels and releasing it when needed [44]. State of 

charge (SOC) and battery terminal voltage (VB) are two 

important factors for suggesting the battery status, these 

parameters are defined in [36][45]. There are several factors 

that affect battery capacity, such as the entire amount of 

energy required by loads from the battery bank, Deepest 

discharge possible, The highest possible power requirement, 

Voltage on the system and Current of charge and duration of 

recharge. In order to complete the mathematical design of 

the battery, we follow the equations in [12][44][46]. 

𝐵𝐶 =  
𝑃𝐿 × 𝐷𝑎𝑦𝑠 𝑜𝑓 𝑎𝑢𝑡𝑜𝑛𝑜𝑚𝑦 

 𝑉𝐵 × 𝐷𝑂𝐷
 (10) 

Where 𝐵𝑐 indicates for the battery Capacity (Ah), PL 

indicates for the total power of the load, VB indicates for 

battery bus voltage, and DOD indicates for the Depth of 

Discharge. 

The formula can be used to determine how many 

batteries must be connected in parallel in order for the 

system to reach the requisite Ah capacity. 

𝐵𝑃 =  
𝐵𝐶

𝐵𝑅

 (11) 

Where 𝐵𝑃  indicates for the number of Battery strings in 

parallel and BR indicates for the Capacity of selected 

battery. 

The formula can be used to determine how many 

batteries must be connected in series to achieve the 

necessary system voltage: 

𝐵𝑆 =  
𝑉𝐵

𝑉𝑏𝑎𝑡

 (12) 

Where 𝐵𝑠 indicates for the number of Battery connected in 

series and Vbat indicates for Selected Battery voltage. 

III. CONTROL AND POWER MANAGEMENT OF DC 

MICROGRID   

There are two steps in the control and management of 

energy process. Initially, an MPPT control is used to 

maximize the power extracted from the PV generator by 

means of the boost converter connected to it. Next, a DC 

bus voltage regulation is used to regulate the bidirectional 

converter connected to the batteries in order to govern the 

power between the load and PV. 

A. DC-DC Boost Converter Control and MPPT Algorithm 

In order to optimize the use of renewable energy 

produced by the photovoltaic array, the MPPT mode should 

be utilized for the boost converter. Fig. 6 Shows the 

components of the system in addition to explains the MPPT 

algorithm-based ANN and PID controller. 

 

Fig. 6. The block structure for MMPT algorithm 

      This technique uses a PID controller along with artificial 

neural networks. ANN has many advantages, including 

offline training, fast tracking, and tolerance to nonlinearity 

[47][48][49]. As a result, numerous ANN-based PV MPPT 

methods have been developed recently. Prior research has 

demonstrated its effectiveness when compared to 

established conventional techniques [37][50]. Where ANN   

is composed of layers several layers Comprise input, 

hidden, and output layers that are modeled after real brain 

cells. The neurons are arranged into layers, and each layer 

has a large number of weighted connections with the other 

layers [51][52]. After training the maximum power point 

voltage of PV array is calculated, and compared to the 

measured voltage of the photovoltaic panels, and then, this 

difference   is sent to a PI controller to obtain the 

appropriate duty ratio for PWM signal. PID gains are 

modified via a variety of techniques, including the Ziegler-

Nichols approach and genetic algorithms [53][54].used the 

output signal to drive the switch to achieve maximum power 

tracking. 

B. Bi-Directional DC-DC Converter Control and DC Bus 

Regulation 

The energy storage system consists of a battery together 

with a bidirectional DC/DC converter and control system. 

Fig. 7 shows the bi-directional converter's control system, 

which is capable of controlling both directions of power 

flow. The converter functions as a buck circuit and charges 

the battery when S2 turns on and S1 turns off. Alternatively, 

the converter functions as a boost circuit and discharges the 

battery when S2 turns on and S1 turns off.  
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Fig. 7. Control of battery storage system 

In this strategy, the bi-directional DC/DC converter is 

controlled via a dual-loop system, with the goal of achieving 

a high-quality, dynamic DC bus voltage. According to this 

scheme, the current of the battery reference, Ib_ref, is 

obtained by comparing the DC bus voltage VDC with its 

reference voltage Vref. This serves as the inner loop's input 

signal. Next, the difference between Ib_ref and the battery 

current, I_Bat, is sent into another PI controller to get the 

input signal for the PWM generator that causes S1 and S2 to 

turn on or off. Where maximum power can be extracted 

from the PV panel via the converter connected to the PV 

array. Then, DC bus voltage control via the bidirectional 

converter connected to the batteries is used in order to 

balance the power between the PV and the load. If any 

change in the DC bus voltage occurs, it may lead to 

problems in the regular operations of the system and may 

lead to their termination [55]. When in island mode, a 

battery absorbs extra energy produced by solar photovoltaic 

cells to keep the energy balance stable. The power 

management algorithm is represented in Fig. 8. 

Power converters and power management algorithms 

work together to give the system the required control; the 

power management algorithms govern the operation of each 

system block and give the system intelligence [56]. It is 

noted in Fig. 9 the interconnection of the control algorithms 

in order to control the boost converter. If the SOC is higher 

than 98% the MPPT path will be closed. in other hand if 

SOC is less than 98% the MPPT path will be activated and 

battery will be charging. 

 

Fig. 8. Flowchart of power management algorithm 

 

Fig. 9. Control of DC-DC boost converter 

IV. RESULTS OF THE SIMULATION AND DISCUSSION 

In this part, the DC Microgrid will be simulated after 

completing the design calculations. The simulation will be 

carried out in the MATLAB environment under 

environmental conditions that simulate the climatic 

conditions surrounding the solar panels, where more than 

one scenario will be studied in terms of loading, temperature 

differences and solar radiation, and the results will be 

obtained, analyzed and discussed. 

A. Simulation and Results 

With MATLAB/Simulink software, the circuit diagram 

of a DC Microgrid was constructed following the design of 

system parameters, as shown in Table I. Fig. 10 shows the 

construction of A DC Microgrid. Two scenarios were 

simulated: (1) the DC Microgrid under constant load, and 

(2) the DC Microgrid   under step-load changes. Both 

scenarios took into account a constant 25 °C temperature 

and solar irradiation ranging from 1000 to 500 W/m2. As 

seen in Fig. 11. 

 

Fig. 10. The block structure for DC microgrid   

TABLE I.  PARAMETERS FOR DC MICROGRID    

 Parameter Value Unit 

PV SYSTEM 

Maximum power( PMPP) 200.143 W 

Maximum power point 

voltage (VMPP) 
26.3 V 

Open-circuit voltage (VOC) 32.9 V 

Maximum power point 
current  ( IMPP) 

7.61 A 

Short circuit current (ISC) 8.21 A 

Number of series modules 15 - 

Number of parallel strings 20 - 

Boost converter 

Boost Inductor (L) 7.696 mH 

Output capacitor (Co) 1000 µF 

Input capacitor (Ci) 325 µF 

Bidirectional 

converter 

Inductor 0.8 mH 

Capacitor 100 µF 

BESS 

Type 
Lithium-

Ion 
- 

Capacity 1000 Ah 

Voltage 690 V 

Initial SOC 70 % 

 

Case 1: The DC Microgrid under constant load. 

In this case, consider a constant temperature of 25 °C, 

and the solar irradiation value changes from 1000 to 750 

W/m2 at the 4s, then decreases again to 500 W/m2 at the 8s. 

As shown in Fig. 11, The load value in this case is fixed at 

45 kW. 
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    When the simulation was carried out, the results appeared 

as follows. Fig. 12 shows the DC voltage level of the bus, 

Fig. 13 shows the power levels for each component in the 

DC Microgrid, and Fig. 14 shows the battery value results. 

 

Fig. 11. Solar irradiance and temperature 

 

Fig. 12. VDC under constant load (case 1) 

 

Fig. 13. Power curves (case 1) . (a) PV_Power, (b) Load power, (c) Battery 

Power 

 

Fig. 14. The battery values results (case 1). (a) voltage, (b)current and (c) 

SOC 

Case 2: The DC Microgrid   under step-load changes. 

In this case, the load is initially 30 kW from the start of 

operation until the 4s, then after that, the load rises to 45 

kW, and at the 8s, the load rises to 60 kW, noting that the 

temperatures and solar radiation are identical to the first 

case, as shown in Fig. 11. 

When the simulation was carried out, the results 

appeared as follows. Fig. 15 shows the DC voltage level of 

the bus, Fig. 16 shows the power levels for each component 

in the DC Microgrid, and Fig. 17 shows the battery value 

results. 

 

Fig. 15. VDC under change load (case 2)  

 

Fig. 16. Power curves (case 2). (a) PV_Power, (b) Load power, (c) Battery 

Power 

 

Fig. 17. The battery values results (case 2). (a) voltage, (b)current and (c) 

SOC 

B. Discussion 

In the first case, when performing the simulation where 

the load is constant, we notice in Fig. 12 that the DC bus 

voltage is almost identical to the required value of 750 volts, 
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even in the period when the generation is less than the load 

needs, the voltage difference is compensated for by the 

batteries through controlling on switches of bidirectional 

DC-DC Converter. with slight instantaneous fluctuations 

during the change in solar radiation. 

Fig. 13 shows the power value of each component in the 

DC Microgrid. During the period from 0s to 4s, where the 

radiation was 1000 w/m, the power produced by the solar 

panels was greater than the value of the loads, the value of 

the power generated was 60 KW, while the load requirement 

was 45 KW, which means that 15 KW will be a surplus used 

to charge the battery via bidirectional DC-DC Converter, as 

shown in 13c.  In the period between 4s and 8s, the decrease 

in solar radiation to 750 w/m led to a decrease in generation 

from the solar panels at 45 Kw, but the power generation 

value is completely identical to the load, and there is no 

surplus and no need for additional power, so there is neither 

charging nor discharging of the battery. As for the third 

period, which ranges from 8s to 10s, when the solar 

radiation drops to 500, the power produced becomes 30 kw, 

its insufficient to supply the loads. Here, the deficiency will 

be compensated by discharging the battery and using 

bidirectional DC-DC Converter. So, the battery value is 15 

kw. 

Fig. 18 shows an accurate picture of the power 

management process for case 1 in this system, as it contains 

a number of curves representing the power values for each 

part in the system. We notice a curve that shows the power 

produced by the solar panels, a curve that shows the 

required capacity of the load, and a curve that shows the 

power status of the battery in the charging state or the 

discharge is proportional to the amount of generation from 

the solar panels and the amount of power required for the 

load. 

We also notice that this chart contains a curve 

representing a sum of the three power curve values. This 

sum represents the net power of the system, which should be 

zero according to the equation (PNET = PPV + PBattery - PLoad) . 

Fig. 14 shows the battery values resulting from the 

simulation process for case 1. Fig. 14(a) shows the values of 

voltage, Fig. 14(b) shows the values of current, and Fig. 

14(c) shows the state of charge of the battery for each of the 

three periods. 

Note that in the first period, starting from 0s to 4s, Here 

the current value is less than zero and the curve of SOC 

represents the state of charge of the battery due to the 

presence of an excess of power generated by the solar 

panels. As for the second period, from 4s to 6s, the state of 

the battery is neither charging nor discharging and the 

current of battery equals zero, as the generated power is 

equivalent to the required load. In the third period, which 

begins at 8s, we notice a drop in the SOC curve and the 

current of battery more than zero, which means that there is 

a discharge of battery power to compensate for the decrease 

in production in order to feed the load with sufficient power. 

In addition to that, note that the change in the battery 

voltage value is very small for the three time periods, so its 

value is considered stable. 

 

Fig. 18. Power management (case 1) 

In case 2, when performing the simulation where the 

load is not constant, we notice in Fig. 15 that the DC bus 

voltage is almost identical to the required value of 750 volts, 

even in the period when the generation is less than the load 

needs, the voltage difference is compensated for by the 

batteries through controlling on switches of bidirectional 

DC-DC Converter. with slight instantaneous fluctuations 

during the change in solar radiation. 

Fig. 16 shows the power value of each component in the 

DC Microgrid. During the period from 0 to 4, when the 

radiation was 1000 W/m, the power produced by the solar 

panels was greater than the load value, the value of the 

power generated was 60 KW, while the load requirement 

was 30 KW, which means that 30 KW will be a surplus used 

to charge the battery via bidirectional DC-DC Converter, as 

shown in 16c. In the period between 4s and 8s, the decrease 

in solar radiation to 750 watts/m led to a decrease in 

generation from solar panels, and despite the increase in the 

load to 45 kilowatts, the value of power generation is 

exactly identical to the load, and there is no surplus and no 

need for additional energy. So there is no charging or 

discharging of the battery. As for the third period, which 

ranges from 8 to 10 seconds, when the solar radiation 

decreases to 500 and the load increases to 60 kilowatts, the 

power produced becomes 30 kw, its insufficient to supply 

the loads. Here, the deficiency will be compensated by 

discharging the battery and using bidirectional DC-DC 

Converter. So, the battery value is 30 kw. 

Fig. 19 shows an accurate picture of the power 

management process for case 2 in this system, as it contains 

a number of curves representing the power values for each 

part in the system. We notice a curve that shows the power 

produced by the solar panels, a curve that shows the 

required capacity of the load, and a curve that shows the 

power status of the battery in the charging state or the 

discharge is proportional to the amount of generation from 

the solar panels and the amount of power required for the 

load. 

We also notice that this chart contains a curve 

representing a sum of the three power curve values. This 

sum represents the net power of the system, which should be 

zero according to the equation (𝑃𝑁𝐸𝑇  =  𝑃𝑃𝑉  +  𝑃𝐵𝑎𝑡𝑡𝑒𝑟𝑦  −

 𝑃𝐿𝑜𝑎𝑑). 

Fig. 17 shows the battery values resulting from the 

simulation process for case 1. Fig. 17(a) shows the values of 
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voltage, Fig. 17(b) shows the values of current, and Fig. 

17(c) shows the state of charge of the battery for each of the 

three periods. 

Note that in the first period, starting from 0s to 4s, Here 

the current value is less than zero and the curve of SOC 

represents the state of charge of the battery due to the 

presence of an excess of power generated by the solar 

panels. As for the second period, from 4s to 6s, the state of 

the battery is neither charging nor discharging and the 

current of battery equals zero, as the generated power is 

equivalent to the required load. In the third period, which 

begins at 8s, we notice a drop in the SOC curve and the 

current of battery more than zero, which means that there is 

a discharge of battery power to compensate for the decrease 

in production in order to feed the load with sufficient power.  

In addition to that, note that the change in the battery 

voltage value is very small for the three time periods, so its 

value is considered stable. 

 

Fig. 19. Power management (case 2) 

If we make a quick comparison of the two cases, the first 

case when the loads are constant and the second case when 

the load is variable, in Fig. 12, Fig. 15. Notice that the DC 

voltage curve for the first case responded faster than the 

second case, but in both cases the algorithm succeeded in 

maintaining the voltage level. Approximately to 750. and in 

Fig. 13, Fig. 16 notice that the PV voltage is not affected by 

the change in load, as it is identical in both cases and 

depends on the inputs (solar radiation and temperature). As 

for the battery power, it depends on the ratio of the 

generated power to what the load needs, but we notice that 

the power curve is more stable in case 1. As for Fig. 14, Fig. 

17 which show the battery parameters for both cases, there 

is a lot of similarity between the two figures, and the only 

difference may be the state of battery charge in the second 

case, which was greater than the first case, depending on the 

power generation compared to the load requirements. 

V. COMPARISON BETWEEN ANN + PID AND INCOND 

MPPT ALGORITHMS 

There are many ways to calculate the maximum power 

of photovoltaic panels. To prove the efficiency of this 

method, it must be compared with one of the common 

methods. In this study, the ANN+PID method will be 

compared with the Incremental Conductance method 

(InCond). InCond method has been explained in several 

previous studies [57][58]. Many studies have also been 

conducted to compare different methods of MPPT 

[59][60][61]. In this work, the comparison is made under 

conditions similar to the first case that we studied in terms 

of temperature Constant at 25 °C and the load at 45 KW, 

and the difference is in solar radiation only the solar 

irradiance starts with a value of 700 W/m2, then rises at the 

0.4s to 1000 W/m2, then at the 0.6s it decreases to 800 

W/m2, then decreases again to 500 W/m2 at the 0.8s. 

 
Fig. 20. Comparison results between MPPT algorithms (a) PV voltage (b) 

PV current (c) PV power  

Fig. 20 shows the results obtained from the simulation 

process for comparing the voltage of a photovoltaic system 

using a traditional InCond and ANN+PID under a gradual 

change in radiation. 

Fig. 20(a) shows the output current of the PV array used 

in this work. ANN+PID provided good results in terms of 

current oscillations and dynamic response compared to 

InCond. Fig. 20(c) shows the power curve, and the shape of 

the power curve is similar to the output current curve due to 

the fact that the current is directly proportional to solar 

radiation. While Fig. 20(b) shows the voltage curve, which 

is fairly constant with some disturbances at the moment 

when solar radiation changes. Whereas the voltages in the 

ANN + PID method were smoother and more stable than the 

InCond method, and if we look at all the curves in Fig. 12, 

we notice that all curves for ANN + PID were smoother 

compared to the InCond method, and the response was 

faster during variations in solar radiation, and Rise time for 

the ANN + PID method for all cases was less than the 

InCond method. 

In addition to what has been explained, and in order for 

the comparison to be more comprehensive, we can analyze 

Fig. 20 more precisely, and we can also use some 

comparative indicators, as mentioned in [62]. Table II below 

shows the most important numerical comparisons between 

the two methods at 0.45s (Solar radiation = 1000W/m2and 

temperature = 25 ◦C). 

TABLE II.  ANN+PID AND INCOND TECHNIQUE PERFORMANCE 

COMPARISON 

Index InCond ANN+PID 

Tracking power 59.49 Kw 60 Kw 

Output current 146.7 A 151.9 A 

Static efficiency MPP 99.07% 99.92% 

Accuracy MPP 95.4% 99.85% 
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It is worth noting that when the simulation conditions 

were changed such that the change in temperature and load 

was also in addition to the change in solar radiation, the 

results were distorted and did not prove the superiority of 

the ANN +PID method in some parts of the curves obtained 

from the simulation. We also notice that at the moment of 

change in solar radiation or load, distortion and rise in the 

curves occur, and although they quickly return to stability, 

this distortion in ANN + PID is almost greater than it was in 

the traditional InCond method. This requires more and 

deeper study and more training of artificial neurons improve 

these results in the future. Also, to improve the power 

management algorithm, it is preferable to use the lowest 

limit of the State of charge (SOC_min) along with the 

maximum State of charge(SOC_max). After modification 

this algorithm will work to disconnect the battery from 

feeding the loads when the battery’s power value drops to 

the lowest value. in order to avoid deep discharge and to 

preserve the life of the battery [63]. After making these 

modifications in terms of training and reprogramming 

neurons and modifying the energy management algorithm, 

this system can be further studied, tested, and implemented 

in clean energy applications that rely on solar energy, such 

as home applications or electric vehicles etc... 

VI. CONCLUSION   

In this study, a DC Microgrid system with loads, 

batteries, solar panels, and power converters for system 

control was created. The use of power tracking algorithms 

and power management algorithms to provide highly 

efficient power supplies to loads and keep the bus voltage 

within predetermined bounds is the primary objective. In 

this study, an algorithm based on artificial neurons was used 

and integrated with a PID controller in order to obtain the 

maximum power from solar panels by controlling the duty 

cycle of the boost converter. And it was compared with one 

of the traditional methods, and its reliability and efficiency 

were proven compared to the efficiency of the InCond 

algorithm. This Tracking algorithm was a great success, 

after simulation, the efficiency and accuracy of the 

ANN+PID algorithm reached 99.92% and 99.85%, 

respectively, while the efficiency and accuracy of the 

InCond method reached 95.4% and its efficiency reached 

99.07% which provides the maximum power from 

photovoltaic panels. In addition, in order to simulate the 

energy management algorithm, two different scenarios were 

defined. The first was under the same climatic conditions in 

terms of constant temperature and variation in solar 

radiation. The first scenario depended on a constant load, 

while in the second scenario the load was variable. When 

running the simulation, the algorithm succeeded in both 

cases in maintaining the level of The DC bus voltage is 750 

v, which is the value to be obtained. The algorithm also 

succeeded in managing the power in the two cases studied. 

When there was an excess in generation, the battery was 

charged, and when there was a deficiency in supplying 

power to the loads, it was compensated for by the battery 

and via controlling the switches of bidirectional Converter. 

These results enhance our understanding of complex energy 

management control systems. This work is an important step 

towards a more efficient and sustainable energy future by 

highlighting how future energy management algorithms can 

be developed to be better suited to real conditions, this 

highlights the importance of using neurons and artificial 

intelligence in obtaining the maximum power from solar 

panels, and thus their importance in making energy 

management algorithms. This contributes to the 

development of multiple applications such as home 

applications, electric vehicles, and other applications 

Important in our daily life. 
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