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Abstract 

Hybrid AC/DC microgrid is getting common nowadays as a result of increasing DC-compatible loads, renewable energy 

resources and energy storage systems. The hybrid AC/DC systems with AC and DC loads and energy sources are considered 

to be the structure of the future smart grids. Strategies of controlling the process of energy conversions and power management 

are considered from the most critical aspects. The suggested hybrid grid consists of AC loads and wind generator in the AC 

side and DC loads with energy storage elements and PV generator in the DC side. Bidirectional AC/DC converter is used to 

link between AC side and DC side to maintain balance and stability of the system under different generation and load 

conditions. In this paper we present an overview of power management strategy of hybrid AC/DC microgrid with energy 

storage elements. Control strategy and Maximum power point tracking for the bidirectional converter to maximize power 

harvesting are also presented. MATLAB/Simulink model for the hybrid microgrid is developed to verify that the proposed 

model can maintain balance of the system. 
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1. INTRODUCTION   

The usage of renewable energy increases around the world and recently we can notice that more renewable 

energy generators are connected in the low voltage AC distribution network as distributed generators (DGs) or 

AC microgrids to decrease the carbon footprint due to conventional generators emissions [1]. The study of AC 

microgrid was the main goal of the previous research topics [2]–[5]. DC microgrids are getting popular due to the 

higher penetration of DC loads such as computation devices, communication systems, motors with DC drives and 

LEDs, etc. [6]. However, AC microgrids are still dominant and purely DC microgrids are not expected to emerge 

exclusively in power grids [7]. AC/DC power conversions are needed to satisfy the integration of DC loads in the 

normal AC grid, these conversions are not preferred in terms of energy losses, efficiency, and cost. By emerging 

DC microgrids we can decrease these conversions and as a result the efficiency of system will be improved. 

Therefor hybrid AC/DC microgrid which consists of both AC and DC networks, is proposed to minimize the 

number of DC/AC or AC/DC conversions and their losses. In hybrid AC/DC microgrid AC and DC compatible 

units are connected to the AC and DC network accordingly and combine benefits of both AC and DC microgrid 

[8]. 

The main benefits of the hybrid AC/DC microgrid are:  

• Eliminate the unnecessary AC/DC or DC/AC conversions, which increase energy losses and decrease the 

efficiency. 

• Simplify the system by removing DC rectifiers in AC side, which reduces the cost of electronic products [10-

15].  

Microgrids can be operated in stand-alone mode or grid-connected mode. Due to discontinuity nature of 

renewable energy resources, other energy sources like diesel generators or energy storage elements have critical 

rule to ensure continuous power supply to critical loads, to smooth the injected power to grid in grid-connected 

mode and to enable stand-alone mode of operation and absorb excess energy or discharge energy to meet minimum 

load requirements [16-22]. 
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Energy storage elements can be sorted into two categories: access-oriented energy storage and capacity-

oriented energy storage. Access oriented storage elements such as supercapacitors, flywheels and superconducting 

magnetic energy storage are used for short time disturbances in microgrid, and they have fast response time by 

providing the high-frequency component of power. They can absorb or supply the high-power transients with high 

power density. Capacity-oriented energy storage such as batteries, compressed air energy storage, pumped 

hydroelectric systems and hydrogen storage are used for long-term energy balancing to recover discontinuity of 

renewable energy generators and buffer out low-frequency oscillation of output power of the distribution 

generators and they does not have fast response time [23-29]. 

The proposed microgrid in this paper has AC and DC sub-grids connected to form the hybrid AC/DC microgrid. 

The AC sub-grid consists of wind energy system and AC load where the DC sub-grid consists of photovoltaic 

system and DC load in addition to an energy storage system. For the energy storage system supercapacitors are 

considered a better choice as they have more charge and discharge cycles during their lifetime, they have long 

life, better power density and they also can be constructed in modular structure and for residential or industrial 

applications they provide maintenance free operation, and this can serve as a cost-effective alternative to batteries 

[30-33].  

There are different topologies to connect AC and DC sub-grids are proposed in the previous research. The 

bidirectional interlinking converter (BIC) is the smart choice to link AC sub-grid to DC sub-grid and form a single 

hybrid AC/DC microgrid to transfer the power smoothly between the two grids and combine the benefits of both 

grids. Merging the two sub-grids gives the maximum available power from wind and solar [34-39[. However, the 

system operation depends on the bidirectional converter, whose failure disrupt the whole system. 

Fig. 1 shows schematic diagram of the proposed system, by connecting DC load at DC bus and AC load at AC 

bus we can reduce number of converters and as a result the efficiency of system will be increased, and the cost 

will be reduced. 

 

 

Fig. 1.  Hybrid AC/DC microgrid. 

There are several energy management strategies for microgrid, the used strategy should be designed to achieve 

the optimum performance while making sure that the energy sources and storage units work within its predefined 

limits. The supervisory controller is responsible for controlling the power flow and splitting the power between 

different energy sources and loads. 

The generated power demanded power and the energy level of the storage elements are measured and collected 

by the supervisory controller, it also controls the power flow from AC bus to DC bus or vice versa through the 

bidirectional converter. On the other hand, MPPT has to be applied for both PV and Wind energy to maximize 

harvesting the available power and increase the efficiency of the system. 

If the power demand is higher than the power generated from PV and Wind energy, the utility grid will supply 

the load with the needed power. And if the demanded power is lower than the generated power, the utility grid 

will absorb the residual power. The system operation is studied in the grid-connected model. 

2. SYSTEM MODELING 

2.1. AC microgrid modeling 

As shown in Fig. 1 the Wind source is connected to the AC bus and the PV source is connected the DC bus. 

Fig. 2 shows the Wind turbine of the AC sub-grid. The Permanent magnet synchronous generator (PMSG) is 

connected to the AC bus through an AC/DC/AC back-to-back converter set. Since the PMSGs are self-excited 

they are considered appropriate and feasible technology in wind energy generation, and this allows operation at 

high power factor with high efficiency [15].  
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Fig. 2.  The Wind Energy Conversion System (WECS). 

    The Wind Energy Conversion System (WECS) is responsible for converting the kinetic energy of the wind 

to mechanical energy through the wind turbine rotor blades, then the mechanical power is converted to electrical 

power through the generator. The WECS is shown in Fig. 2, and it has two main parts: 

2.1.1. Mechanical part: includes the rotor blades with the aerodynamic system and the drive train system (if 

existed). 

The output power of the Wind Turbine (WT) is given as [16]: 

        𝑃Turbine =
1

2
𝜌𝜋𝑅2𝐶𝑃(𝜆, 𝛽)𝑣3,   (1) 

where 𝜌 represents the density of air (kg/m3), R represents the radius of the blade (m), 𝐶𝑃 represents the turbine 

performance coefficient which is a function of the tip-speed ratio 𝜆 and the pitch angle of rotor blades 𝛽 (in 

degrees). 𝑣 represents the speed of wind (m/s). Where the tip-speed ratio 𝜆 is given as: 

       𝜆 =
𝜔𝑚𝑅

𝑣
    (2) 

where 𝜔𝑚 represents the speed of the wind turbine’s rotor (rad/sec). The output mechanical torque of the wind 

turbine 𝑇𝑚 is given as: 

𝑇𝑚 = 𝜌𝐴𝐶𝑃(𝜆, 𝛽)𝑣3
1

𝜔𝑚

  
 

(3) 

 

𝐶𝑃 =
1

2
(
116

𝜆𝑖

− 0.4𝛽 − 5)𝑒
−(

21
𝜆𝑖

)
   

 

(4) 

 

1

𝜆𝑖

=
1

𝜆 + 0.08𝛽
−

0.035

𝛽3 + 1
 

 

(5) 

 

The optimum tip-speed ratio  𝜆opt  represents the tip-speed ratio at maximum values for the power and 

coefficient of power. So, the maximum value of 𝐶𝑃(𝜆, 𝛽) equals 0.41 is obtained at 𝜆opt = 8.1 and 𝛽 = 0°. 

Furthermore, any change in the velocity of wind or the generator speed will result in a change in the tip-speed 

ratio 𝜆, which affects the power coefficient and the extracted power.  

The power can be maximized if the turbine is kept running at particular speed for various velocities of wind. It 

is also mandatory to keep the speed of the PMSG at an optimum value of the tip-speed ratio, 𝜆opt . 

Correspondingly, the maximum power is continuously extracted from wind (MPPT) [16], and the system will 

operate at the peak of power curve as shown in Fig. 3. 
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Fig. 3.  The power characteristic of the wind turbine. 

2.1.2. Electrical part: consists of the PMSG and back to- back converter set [15]. 

The mechanical power is converted to Alternating Current (AC) electrical power by PMSG, this AC power is 

then converted to Direct Current (DC) power by the converter, finally the inverter is used to transfer the DC power 

to the grid (AC bus). 

Fig. 4 shows the equivalent circuits of PMSG in the direct and quadrature axes. The voltage of the stator in the 

d-q reference frame, 𝑉𝑠𝑑 and 𝑉𝑠𝑞  are given as follows: 

𝑉𝑠𝑑 = −𝑅𝑠𝐼𝑠𝑑 − 𝐿𝑠

𝑑

𝑑𝑡
𝐼𝑠𝑑 + 𝐿𝑠𝜔𝑒𝐼𝑠𝑞 

(6) 

 

   𝑉𝑠𝑞 = −𝑅𝑠𝐼𝑠𝑞 − 𝐿𝑠
𝑑

𝑑𝑡
𝐼𝑠𝑞 + 𝐿𝑠𝜔𝑒𝐼𝑠𝑑 + 𝜔𝑒∅, (7) 

where 𝐿𝑆  represents the inductance of the PMSG winding and 𝑅𝑆 represents the resistance of the PMSG winding, 

∅ is representing the magnet flux, 𝜔𝑒  represents the generator’s electrical rotational speed, 𝐼𝑠𝑞  and 𝐼𝑠𝑑  are the 

quadrature and direct components of the machine currents respectively. 

The electromagnetic torque 𝑇𝑒  is given by:  

𝑇𝑒 =
3

2
𝑃𝐼𝑠𝑞 ((𝐿𝑑 − 𝐿𝑞)𝐼𝑠𝑑 + ∅), (8) 

where 𝐿𝑑 , 𝐿𝑞 are the two axes machine inductances and P is the number of pole pairs. In surface mounted PMSGs, 

𝐿𝑑 = 𝐿𝑞 = 𝐿𝑠. Hence, the electromagnetic torque can be rewritten as follows: 

𝑇𝑒 =
3

2
𝑃. 𝐼𝑠𝑞 . ∅ 

 

(9) 

 

 

Fig. 4.  Equivalent circuits of PMSG: (a) 𝑑-axis (b) 𝑞-axis. 
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2.2. DC Micro-Grid Modeling  

The DC sub-grid shown in Fig. 1 comprises PV array connected to the DC bus through DC/DC boost converter, 

which controls the operating point of the array. The practical PV model is shown in Fig. 5.  

 

 

Fig. 5.  The equivalent circuit of a practical PV device including the series and parallel resistances. 

The generated current by the PV array is calculated based on the following equation [17] 

𝐼 = 𝐼𝑃𝑉 − 𝐼0 [𝑒𝑥𝑝 (
𝑉 + 𝑅𝑠𝐼

𝑉𝑡𝑎
) − 1] −

𝑉 + 𝑅𝑠𝐼

𝑅𝑃

 
(10) 

 

Also, 𝐼𝑝𝑣  and 𝐼0 are determined as follows: 

𝐼𝑃𝑉 = (𝐼𝑃𝑉,𝑛 + 𝐾𝐼∆𝑇)
𝐺

𝐺𝑛

 
(11) 

 

𝐼0 =
𝐼𝑠𝑐,𝑛+𝐾𝐼∆𝑇

exp((𝑉𝑜𝑐,𝑛+𝐾𝑉∆𝑇)/𝑎𝑉𝑡)−1
  ,   (12) 

 

where 𝐼0 and 𝐼𝑝𝑣 are the saturation and photovoltaic (PV) currents of the array respectively. The thermal voltage 

of PV is given by 𝑉𝑡 = 𝑁𝑠𝑘𝑇/𝑞 where 𝑁𝑠 represents number of cells connected in series. Increasing number of 

cells connected in parallel will increase the current, while increasing number of cells connected in series will 

increase the output voltages. 𝑅𝑠  and 𝑅𝑃  represent the equivalent series and parallel resistances of the array 

respectively. 𝐼𝑃𝑉,𝑛 is the light-generated current at the nominal condition which are usually 25° C and 1000 W/m2, 

𝛥𝑇 = 𝑇 − 𝑇𝑛 (T and 𝑇𝑛  represent the actual and nominal temperatures [in Kelvin], respectively), 𝐺 (watts per 

square meters) represents the irradiation on the photovoltaic surface, 𝐺𝑛  and 𝐾𝐼  and 𝐾𝑉  represent the nominal 

irradiation, the current and voltage coefficients respectively. The DC bus feeds the DC load by the energy 

generated by solar subsystem, similar to the AC micro-grid.  Fig. 6 shows the 𝑃 − 𝑉 and 𝐼 − 𝑉 characteristics 

diagram for the PV module. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.  P-V and I-V charactersitics diagram of the PV module. 
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3. SUPERVISORY POWER MANAGEMENT SYSTEM 

Fig. 7 shows the proposed program, it has a central unit, which is given the data collected from components of 

microgrid, in order to control the power flow between energy resources. 

The input variables to the supervisor controller are generation forecast (𝑃𝑊𝐺
Max , 𝑃𝑃𝑉

Max ) and demanded power by 

loads (𝑃𝐿
ac, 𝑃𝐿

dc). The proposed program determines set-points which controls the amount of power exchanged 

between the sub-grids (𝑃ac2dc
ref , 𝑃dc2ac

ref ). The output commands are sent to the bidirectional converter to force the 

micro-grid components to track the obtained set-points. 

Operating modes of the microgrid are divided into two groups. The first group consists of three different modes 

with no power exchange between the AC and DC sub-grids, the second group consists of six modes with power 

exchange between the sub-grids, as shown in Fig. 8. When the DC micro-grid injects power to the AC microgrid, 

the AC power is obtained from DC/AC inverter. Also, when the AC microgrid injects power to the DC micro-

grid, the main converter acts as an AC/DC converter.  

 

Fig. 7.  Power management architecture for hybrid AC/DC micro-grid. 

 

Fig. 8.  Different operating modes of the hybrid AC/DC micro-grid. 

As shown in Fig. 8, there are two groups with 9 different modes of operation: 
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3.1.1. Modes1,2 and 3: 

In these modes, there is no power exchange between AC and DC sub-grids (𝑃ac2dc = 𝑃dc2ac=0). In mode 1 the 

DC load power (𝑃𝐿
dc) equals the PV power (𝑃𝑃𝑉

Max) and AC load power (𝑃𝐿
ac) equals wind power (𝑃𝑊𝐺

Max), so there 

is no power exchange with the grid (𝑃grid = 0). In mode 2 the DC load power (𝑃𝐿
𝑑𝑐) equals the PV power (𝑃PV

Max), 

while AC load power (𝑃𝐿
𝑎𝑐) is greater than wind power (𝑃WG

Max) so the remaining demanded power is absorbed 

from the grid (𝑃grid = 𝑃𝐿
ac − 𝑃WG

Max). Mode 3 is the same as mode 2 except that 𝑃𝐿
𝑎𝑐  is lower than 𝑃𝑊𝐺

𝑀𝑎𝑥, so the 

excess power is supplied to the grid (𝑃grid = 𝑃WG
Max − 𝑃𝐿

ac). 

3.1.2. Modes 4,5,6,7,8 and 9: 

In these modes, there is power exchange between the AC and DC sub-grids. In modes 4,5 and 6 the power 

generated from PV (𝑃𝑃𝑉
Max) is higher than DC load demand (𝑃𝐿

𝑑𝑐), so the supervisor control will send reference 

signal to BIC to transfer the excess power to AC bus (P DC2AC =  PPV
Max − PL

DC). In these cases, the AC bus receives 

power from BIC and wind generator, so if the AC load power (PL
AC) is greater than the received power, the grid 

will supply the remaining demanded power to the load (Pgrid = PL
AC − PWG

Max − PDC2AC). On the other hand, if the 

AC load power (PL
AC) is lower than the received power, the grid will absorb the excess power (Pgrid = PWG

Max −
PL

AC + PDC2AC).  On the contrary, in modes 7,8 and 9 the power generated from PV (𝑃𝑃𝑉
Max) is lower than DC load 

demand (𝑃𝐿
dc), so the power will be transferred from AC bus to DC bus (P AC2DC = PPV

Max − PL
DC). 

 

 If the wind power (𝑃𝑊𝐺
Max) is larger than (PL

AC) and (P AC2DC)  then the grid will absorb the excess power 

(Pgrid = PWG
Max − PL

AC − PAC2DC). But if (𝑃𝑊𝐺
𝑀𝑎𝑥) is lower than (PL

AC) and (PAC2DC)  then the grid will supply the 

remaining demanded power (Pgrid = PL
AC + PAC2DC − PWG

Max). So, the bidirectional converter (BIC) receives the 

reference powers determined by the supervisor control and controls the power flow between AC and DC buses. 

4. COORDINATION CONTROL OF THE CONVERTERS 

There are four types of converters in the proposed hybrid grid. When the microgrid operates in grid-connected 

mode these converters have to be tied with the utility grid to supply an uninterrupted power to variable DC and 

AC loads under different circumstances of solar irradiation, temperature and wind speed. The control techniques 

for the converters are presented in this section. 

4.1. PV control 

In the grid-connected mode, the main objective of the boost converter is to track the maximum power point 

(MPP) of the PV array by regulating its terminal voltage. The task of MPPT algorithm is to determine 𝑉ref(𝑉mp). 

Another control loop using Pulse Width Modulation (PWM) regulates the input voltage of the converter using 

proportional and integral (PI) controller, which aims to minimize the error between 𝑉ref   and the measured voltage 

by adjusting the duty cycle. The PI control loop operates at faster rate, provides fast response, and increases the 

overall system stability. 

Simple analog MPPT circuit can be developed by using two voltage approximation lines (VALs) that 

approximate the maximum power point (MPP) locus. Fast and low-cost analog MPPT method for low power PV 

systems is proposed from [18]. 

 

 

Fig. 9.  The block diagram of the boost converter with MPPT. 



Sayed and Mourad: Power Management and Control of Smart Microgrid including Renewable Energy  51 

 

4.2. wind generation control 

As shown in Fig. 2, PMSG of variable speed wind turbines is connected to the utility grid via a back-to-back 

set of converters. The first converter is known as the generator side converter, and it is connected to the stator 

windings of the PMSG. While the other one is known as grid side converter, and it is connected to the grid at the 

Point of Common Coupling (PCC) via an AC filter. The DC terminals of the two converters are connected together 

through shunt DC capacitor. The power scheme of each converter simply contains a three legs voltage source 

inverter. However, from control perspective there are different control schemes based on the control functions can 

be applied to the inverter switches. 

4.3. Control of the generator side converter 

The generator side converter control is mainly used to control the wind turbine shaft speed in order to maximize 

the output power. In a variable speed wind energy conversion system, the maximum power at different wind 

speeds depends on the power coefficient, 𝐶𝑝. Unfortunately, for wind turbines, 𝐶𝑝 is not constant. The parameters 

affecting the coefficient 𝐶𝑝 are the tip speed ratio λ and the pitch angle 𝛽  [15]. To obtain the maximum power 

production (𝑃max) from the wind turbine, the turbine should operate at maximum value of the coefficient 𝐶𝑝. 

Hence, it is necessary to keep the generator rotor speed 𝜔𝑚 at an optimum value of the tip-speed ratio (𝜆𝑜𝑝𝑡). 

According to the power curve shown in Fig. 3, If the wind speed varies, the rotor speed should be adjusted to 

follow the change of the wind speed. The generator speed control is typically accomplished through the generator 

side converter. Hence, the control of the generator-side converter allows the generator to tune the rotational speed 

according to the variation of wind speed. The generator rotational speed is governed by the electromagnetic torque. 

From  

(), the electromagnetic torque may be controlled directly by 𝑞-axis current component 𝐼𝑠𝑞 , hence the speed can 

be controlled by changing the q-axis current component. The d-axis current component 𝐼𝑠𝑑  is set to zero to 

minimize the current flow for a given torque, which minimizes the resistive losses. The stator voltage components 

𝑉𝑠𝑑 and 𝑉𝑠𝑞  are synthesized by the generator side converter, both of them can be employed to govern the generator 

current components 𝐼𝑠𝑑  and 𝐼𝑠𝑞  as seen in () and (). The controller requires feedback from the PMSG stator current 

components 𝐼𝑠𝑑  and 𝐼𝑠𝑞 . The error between measured and reference components is the input to PI controller. Then, 

compensation terms shown in (6) and (7) are considered to ensure stability and decoupling of active and reactive 

power control as shown in Fig. 10. Then the output voltage will be the input to space vector modulation (SVM) 

to produce switching signal to drive the generator side converter [15]. 

4.4. Control of the grid side converter 

The main objective of the grid-side converter control is to regulate the DC bus voltage while controlling the 

active power and reactive power injected into the grid [19].The control strategy of the grid side converter contains 

two cascaded loops as shown in Fig. 11. The inner loop controls the grid currents, and the outer loop controls the 

DC-link voltage and the reactive power. In this control strategy, the currents are represented in the 𝑑 − 𝑞 

synchronous rotating reference frame and controlled with standard PI controllers. This control transforms the grid 

voltages and currents from the abc to their equivalents in the d-q reference frame. It could be seen from Fig. 11 

that the outer loop control the DC voltage by taking the DC voltage reference of 1150 V [20], then the error signal 

produces Igd reference, which is used by the inner current control loop to control the active power. The second 

channel controls the reactive power by producing Igq reference and send it to the inner current control loop. The 

reactive power is set to zero. A phase locked loop (PLL) is required to track the grid voltage vector and to generate 

the grid voltage angle 𝜃𝑔. 

4.5. Bidirectional Converter Control 

The objective of BIC is to control the power flow between DC and AC buses with respect to the power 

demanded by the loads and the power generated. It is also responsible for regulating the DC bus voltage. Power 

control strategies are normally used to control the output power using prespecified reference values for active 

power and reactive power compensation as shown in Fig. 12. 
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Fig. 10.  Block diagram of generator side converter. 

 

Fig. 11.   Block diagram of grid side converter. 

 

Fig. 12.  Active and reactive powers control of BIC. 
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    So, the control scheme of BIC depends on the set-points (𝑃ref and 𝑄ref) for active and reactive powers control. 

Where 𝑃out and 𝑄out are the active and reactive power outputs calculated from the measured output voltages and 

currents of the unit. 𝑃ref and 𝑄ref values can be set by a supervisory power management system to optimize the 

output active and reactive powers. The DC bus voltage controlled and regulated at 500 V. 

5. SIMULATION RESULTS  

The operation of hybrid grid under various sources and loads conditions are simulated to verify validity of the 

proposed supervisor control algorithms. The parameters used in simulations are given in Tables 1 and 2. All the 

simulations are performed using MATLAB/Simulink package. 

 

TABLE 1. WIND GENERATION DATA 

PMSG DATA WIND TURBINE DATA 

Rated Power (MVA) 1.5 Wind Speed (m/s) 7-12  

Rated Voltage (V) 575  Blade Radius (m) 33 

Stator Resistance (Ω) 0.006 Grid Side Coupling 
Impedance R (Ω) 0.03  

Stator Inductances 
𝐿𝑑 , 𝐿𝑞 (H) 0.3𝑒−3  Grid Side Coupling 

Impedance L (H) 0.3 

Number of Poles 48 Dc Link Voltage (V) 1150 

Flux Linkage 1.48   

Rated Speed (rpm) 125   

 

TABLE 2. PV MODULE DATA 

Parameter Value 

STC Power Rating Pmp (W) 305 

Open Circuit Voltage 𝑉𝑜𝑐  (V) 64.2 

Short Circuit Current 𝐼𝑠𝑐  (A) 596 

Voltage at Maximum Power 𝑉𝑚𝑝 (V) 54.7 

Current at Maximum Power 𝐼𝑚𝑝 (A) 5.58 

Temperature Coefficient of 𝐼𝑠𝑐  0.057%/°𝑐 

Temperature Coefficient of 𝑉𝑜𝑐  −027%/°𝑐 

𝑁𝑠 5 

𝑁𝑝 66 

STC Power Rating Pmax(kw) 100.7 

5.1. Results of weather change on renewable energy 

In the simulations, the main converter is assumed to be ideal. The weather conditions are changed to test the 

MPPT algorisms for PV system and wind energy system. So, the Weather conditions and the output PV power 

and voltage are shown in Fig. 13. The optimal terminal voltage and the output power are determined using the 

MPPT algorithm based on the corresponding temperature and solar irradiation. The output results are shown in 

Table 3. 

 

 

TABLE 3. PV POWER AND VOLTAGE WITH DIFFERENT WEATHER CONDITRIONS  
 Irradiance 

(W/m2) 
Temperature 

(°c) 

PV power 

(kW) 

PV voltage 

(V) 

Case 1 1000 25 100.7 273.5 

Case 2 250 25 24.4 265.1 

Case 3 1000 25 100.7 273.5 

Case 4 1000 50 92.9 250.2 

 

On the other hand, Fig. 14 shows the maximum power production (Pmax) from the wind turbine with changing 

the wind speed from 9 m/s to 12 m/s. The maximum output power generated from wind generation changes from 

500 kw to 1318 kw.  
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Fig. 13.  PV output power and voltage under variable Weather conditions. 

 
 

Fig. 14.  Wind output power under different wind speed. 

5.2. Supervisor control results  

The demanded power and maximum available power of the proposed microgrid are tested at the following 

weather conditions: irradiance 1000 W/m2, temperature 50oC and wind speed of 12 m/s. 

5.2.1. Case A:  

 In this mode the generated DC power 𝑃𝑃𝑉
Max is higher than the DC load power 𝑃𝐿

𝐷𝐶  so the excess power 

will be transferred from DC bus to AC bus as shown in Fig. 15. The results are shown in Table 4. The power is 

transferred from the inverter using the reference power signal from supervisor control. On the other hand, the 

difference between 𝑃𝑊𝐺
Max and 𝑃𝐿

𝐴𝐶  equals 360.04 kW. So, the resultant power that will be delivered to the grid 

equals 428.74 kW. 
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Fig. 15.  case A: DC bus power, AC bus power, grid power and PDC2AC with 𝑃ref. 

 

 

 



56                                                               Sohag Engineering Journal (SEJ) VOL. 01, No. 2, SEPTEMBER 2021 

 

TABLE 4. THE RESULTS OF CASE A 

 

 

 

 

 

 

 

 

 

  

5.2.2. Case B:  

If the AC load power 𝑃𝐿
AC is greater than the wind power 𝑃𝑊𝐺

Max, the grid will supply the remaining demanded 

power and the grid power will be denoted with a negative sign as shown in Table 5. On the other hand, if the DC 

load 𝑃𝐿
DC is increased to be larger than the PV power 𝑃𝑃𝑉

Max, the power will be transferred from AC bus to DC bus 

to cover this difference as shown in Fig. 16 after the third second. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16.  Case B: DC bus power, AC bus power, grid power, DC bus voltage, Pac2dc and Pdc2dc with sudden change in dc load. 

 

 

 

PPV
Max 92.8 (kW) 

PL
DC 24.1 (kW) 

PWG
Max 1312.98 (kW) 

PL
AC 952.94 (kW) 

Pdc2ac 68.7 (kW) 

Pac2dc 0 (kW) 

Pref 68.77 (kW) 

Pgrid 428.74 (kW) 
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TABLE 5. THE RESULTS OF CASE B 
Time (sec) 0-3 3-5 

PPV
Max (kW) 92.8 92.8 

PL
DC (kW) 24.1 515.5 

PWG
Max (kW) 1319.5 1319.5 

PL
AC (kW) 1410 1410 

Pdc2ac (kW) 68.7 0 

Pac2dc (kW) 0 422.67 

Pref (kW) 68.77 422.67 

Pgrid (kW) -180 -520.88 

Vdc bus (V) 492.5 497.86 

 

6. CONCLUSION 

In this paper, a supervisory control for a grid connected hybrid AC/DC microgrid is proposed to control power 

flow between AC and DC buses. Connecting the DC and AC loads to DC and AC buses respectively reduces 

number of converters in the hybrid microgrid and as a result reduces losses and harmonics in the proposed system 

and this is the main idea of AC-DC microgrid. MPPT algorithms are applied to PV and wind generation systems 

to extract the maximum available power to achieve maximum efficiency. Adjusting the control scheme of 

converters in the proposed system and testing it under different weather conditions. An energy management 

strategy of a hybrid microgrid with energy storage systems was studied. The role of energy storage systems within 

a microgrid to improve the stability, reliability, resiliency, and power quality as well as facilitating the energy 

management within hybrid microgrid is also addressed. Under the proposed scheme, the distributed ESSs in both 

ac and dc sides are then automatically coordinated and controlled to balance transient power disturbances, which 

can effectively improve stability and controllability of the proposed system The supervisory controller is tested 

with different operation modes.  
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