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Abstract- This paper proposes a studied system made up of interconnected microgrids (MGs) in which each one includes a 

hybrid renewable energy system (HRES). The proposed power dispatch strategy ensures load satisfaction in each MG by 

maintaining the equilibrium between production and consumer demand power via interactions among MGs and the utility grid. 

The purpose of this paper is to provide an adequate supply to the different MGs by adapting production to consumption 

according to the available hybrid power production. This is done  with the consideration of the dispatch of the power 

exchanged among MGs and the main grid. The cooperation between the multiples MGs ensures higher resilience and 

flexibility of the whole distribution system. The proposed method not only maximizes the use of RES production, but also 

realizes the managing of multi energy sources under different scenarios of power generation and load demand in each MG. The 

results of the studied case are provided to show the feasibility of this proposed power dispatch strategy in the smart grid 

environment. 

Keywords MGs, HRES, power dispatch strategy, load satisfaction, smart grid. 

 

1. Introduction 

Smart grid can be described as an intelligent grid operating 

at larger utility grid level such as large distribution lines and 

transmission. Microgrid (MG) attracts considerable attention 

in the smart grid environment as a smaller scale with the 

ability of operating independently from the larger utility grid 

[1-3]. The MG can be a combination of sources like 

renewable sources, storage systems and diesel generators 

forming a hybrid renewable energy system (HRES) to satisfy 

the local loads [4]. 

In the literature, several approaches have studied the 

concept of a single MG. Some of them focused on the 

operation of a single MG without integrating multiples 

energies [5,6]. Others proposed a method of optimal 

coordinated energy dispatch for a multi energy MG [7]. A 

dynamic operation and control approach for a MG hybrid 

power systems were developed in [8]. A distributed 

economic dispatch approach for a MG with a high renewable 

energy penetration was proposed in [9,10]. The MG can 

operate either in autonomous or in a grid-connected mode 

[11]. In stand-alone mode, the MG feeds power to the 

internal load demand [12,13]. In grid-connected mode, 

authors in [14,15] developed energy management strategies 

for a MG connected to the main grid . However, only one 

single MG was studied in the above works. 

On the other hand, many researches worked on the study 

of multiple MGs. Some of them focused on the single energy 

dispatch for islanded MGs [16-19]. Others worked on the 

optimization technique to get the load dispatch of MGs [20]. 

For the [21], the use of MGs in enhancing energy security 

and resilience was discussed. However, the communication 

between the multiple MGs was not studied.  

Other researches focused on the optimal power dispatch 

between the interconnected MGs taking in consideration 

different possible interactions. Authors in [22] presented a 

cooperative energy dispatch strategy considering interactions 

between distributed renewable sources and storage for 

multiple autonomous MGs. In ref [23], several MGs interact 

by exchanging energy in order to satisfy their local demand 

while minimizing the global cost. But, these previous works 

have presented approaches to ensure load satisfaction 

focusing on interaction between MGs without studying the 

communication with the main grid.  



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
M. Grami et al., Vol.8, No.2, June, 2018 

 839 

Other researches worked on load satisfaction for optimal 

operating of the main grid. Authors in [24] studied the 

interaction between MGs and the grid to get a decentralized 

energy management system. A power dispatching strategy 

has considered interaction between MGs and the grid with 

the objective of minimizing operational cost in distributed 

smart grid [25]. In [26], a multi MGs approach was proposed 

for optimal operating of the active distribution networks. 

However, these previous approaches focused on interaction 

between MGs and the main grid without taking into account 

the communication between the interconnected MGs. 

All these methods have proposed good solutions to ensure 

load satisfaction but each of them focuses on a specific 

objective task without considering the simultaneous 

interactions and data transfer between the distributed power 

sources in each MG, between the neighboring MGs and 

between the multiple MGs and the main grid. 

For that, in this study, a power dispatch strategy is 

presented to monitor the multiple MGs with the grid in 

eleven modes, to ensure power dispatch and to maintain the 

power equilibrium between production and consumption 

power. This is done considering the communication and the 

data transfer between the neighboring MGs and between the 

interconnected MGs and the main grid. Each MG includes a 

hybrid power system composed of RES (wind and solar), LI-

ion batteries and a diesel generator. The main contribution of 

this work is to propose a power dispatch strategy according 

to the following constraints: (i) load demand, (ii) availability 

of multi energy resources, (iii) grid stability. The considered 

approach offers many power flow possibilities to monitor the 

MG in eleven operation modes providing more flexibility for 

the operation of each MG, maximizing the use of RES 

production and enhancing the whole studied system 

reliability. The focus of this considered strategy is firstly to 

maintain the equilibrium between the power generation and 

the load demand in each MG, and secondly to guarantee the 

interactions among MGs and the main grid with the 

exploitation of shared power between neighboring MGs and 

the main grid. 

The remaining of this article is organized as follows. In 

section 2, the studied system is described. The model of the 

system components is developed in section3. In section 4, the 

proposed power management algorithm is explained in 

details. Simulation results are developed in section 5 and 

finally, the conclusion is given in section 6. 

2. Studied System Description  

The architecture of the studied system is presented in Fig. 

1. It is made up of n interconnected MGs. Each one includes 

a hybrid renewable energy system (HRES) consisting of 

wind farm, photovoltaic generator, Li-ion battery and a diesel 

generator. Each MG is able to interchange power with the 

neighboring MGs and also with the main grid . The RES are 

used to power internal loads of each MG and also used to 

feed the needed power in the neighboring MGs. In case the 

RES are unavailable due to their intermittent and fluctuating 

behavior caused by the change climate conditions, the Li-ion 

battery reinforces the RES and also helps to provide the 

needed power of the neighboring MGs loads. The li-ion 

battery was selected in this work because the cell battery has 

high specific power and long lifetime. When no or little RES 

and Li-ion battery power are available, the role of the grid is 

to recover any needed power or to receive any excess power 

without disturbing the grid stability. Otherwise, the diesel 

generator (DG) is used as power supplying of the needed 

power.  

3. Models of System Components  

3.1.   Wind farm model 

In this work, similar wind turbine units (WT) with a short 

distance between them compose the studied wind farm (WF). 

The profiles of the wind speed applied to the considered unit 

are near and the WF is simulated with a large number of 

identical WT units. In order to increase the simulation speed, 

an aggregate model which consists of one equivalent WT can 

represent the WF. As input, the main value of wind speed 

applied to the equivalent WT is given by the following 

expression [27]:  

V = 
∑ 𝑉𝑖

𝑛𝑇
𝑖=1

𝑛𝑇
 

(1) 

The actual output power of the equivalent WT can be 

calculated as follows [28]:  

𝑃𝑊(𝑉) = {

0,
𝑉2−𝑉𝑐

2

𝑉𝑅
2−𝑉𝑐

2

𝑃𝑊𝑟,

. 𝑃𝑊𝑟, 

V < 𝑉𝑐 or V > 𝑉𝐹 

𝑉𝑐  V  𝑉𝑅 

𝑉𝑅  V  𝑉𝐹 

 

(2) 

 

3.2.   Photovoltaic generator model 

In this work, a simplified simulation model of the 

photovoltaic generator (PV generator) is presented to get the 

hourly output power estimation of the PV generator. The PV 

generator power is defined as follows [29, 30]: 

𝑃𝑃𝑉 = 𝑁𝑃𝑉. 𝜇𝑃𝑉. 𝐴𝑃𝑉. GI (3) 

μ
PV

 is the PV generator efficiency expressed as: 

 

𝜇𝑃𝑉 = 𝜇𝑟.[1-β.(𝑇𝑐 − 𝑇𝑐𝑟𝑒𝑓)] (4) 

Tc is determined using the Noct (Normal Operating Cell 

Temperature); it can be given by the following expression: 

𝑇𝑐 = 𝑇𝑎 + 𝐺𝐼.
𝑁𝑜𝑐𝑡 − 20

800
 

(5) 

Those different parameters are given by the PV module 

manufacturers. 
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Fig.1. Studied system architecture.     

 

 

3.3. Battery model 

A voltage source 𝑉𝑏𝑎𝑡𝑡 connected in series with an internal 

resistance can be considered as the simplest model of an 

electrical battery. In charging mode, the voltage source of the 

Li-ion battery is defined as follows [31]:  

𝑉𝑏𝑎𝑡𝑡 = 𝑈0 − 𝑅. 𝑖 − 𝐾.
𝑄

𝑖. 𝑡 − 0.1. 𝑄
𝑖∗ − 𝐾

𝑄

𝑄 − 𝑖. 𝑡
𝑖. 𝑡

+ 𝐴𝑒−𝐵.𝑖.𝑡 

(6) 

In discharging mode, the expression of the voltage source of 

the Li-ion battery is presented as follows [31]: 

𝑉𝑏𝑎𝑡𝑡 = 𝑈0 − 𝑅. 𝑖 − 𝐾.
𝑄

𝑖. 𝑡 − 𝑖. 𝑡
𝑖∗ − 𝐾

𝑄

𝑄 − 𝑖. 𝑡
𝑖. 𝑡

+ 𝐴𝑒−𝐵.𝑖.𝑡 

(7) 

The equation of the state of charge (SOC) is expressed as 

[32]:  

SOC=100(1-
𝑖.𝑡

𝑄
). (8) 

3.4.  Diesel generator model 

The DG is currently used in diverse applications [33]. A 

diesel engine associated with a synchronous generator 

composes it. The torque Td linked to the DG is given in the 

following equation [34, 35]: 

𝑇𝑑 =
𝐹

1+𝜏𝐶.𝑠
𝑒−𝜏𝑑.𝑠  (9) 

4. Proposed Power Management Algorithm 

In order to ensure a power dispatching between the 

different MGs and to manage the energy flow distribution, a 

power dispatch algorithm is proposed in Fig. 2. This 

algorithm allows the communication between the different 

MGs and the control of multi-source powers in each MG 

according to different constraints. 

There are n MGs indexed by "i=1,2,…,n". In each MGi, in 

order to meet the load demand and satisfy its power 

requirement, the PVi and WFi generators work together 

because of their complementary nature of produced powers. 

The RESi produced power is calculated at each instant "t" as 

follows:  

PRESi(t)=PPVi(t)+PWFi(t) (10) 

This algorithm works as shown below :  

The proposed algorithm allows calculating the power 

variation "ΔPi0(t)" by subtracting the RES generated power 

"PRESi(t)" from the load required power "PLi(t)" in MGi. Its 

value can be a zero power, which means that the power 

equilibrium is well maintained or it can be a lack or an 

excess of power which must be compensated or absorbed in 

order to ensure the equilibrium between production and 

consumption power in MGi. 

This algorithm is divided into two parts. The first part is 

obtained in case of a lack of power and is divided into 5 

sections (S1 → S5). The second part is realized in case of 

power excess and is divided into 5 sections (S6 → S10). 

Sections of each part are classified in order of priority. 

When "ΔPi0(t) > 0", meaning that there is a lack of power 

in MGi which must be compensated by the available 

production power. The first step is to verify if the 

neighboring MGc indexed by "c=i+1,…,n" can afford the 

needed power without disturbing its own equilibrium 

between production and consumption power. The following 

iterative procedure will be continued until they afford the 

needed power, a part of it or nothing. The considered 

initializations are "ΔPi1(t)=ΔPi0(t)" and "c=i+1". If "c ≤ n", 

the RES generated power "PRESc(t)" will be compared with 
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the load required power "PLc(t)" in the MGc as shown in Fig.2 - S1. When "PRESc(t) > PLc(t)", the RES generated power in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Proposed Power dispatch algorithm. 
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the MGc can satisfy its own load power requirements and 

have an excess of power calculated as 

"|ΔPc(t)|=|PRESc(t)−PLc(t)|" and compared with the required 

power "ΔPi1(t)". When "ΔPi1(t) ≤|ΔPc(t)|", meaning that the 

excess of power in the MGc can compensate the needed 

power "ΔPi1(t)", the MGi is satisfied with the neighboring 

MGc power excess. This is the case of mode 1. If 

"ΔPi1(t)>|ΔPc(t)|", meaning that the neighboring MGc can 

achieve only a part of the required power, the required power 

in MGi decreases and its new value is given by the relation  

"ΔPi1(t)=ΔPi0(t) − ∑ |ΔPc(t)|c
j=i+1 ". If "PRESc(t) ≤ PLc(t)", 

meaning that the neighboring MGc also has a lack of power, 

the MGc cannot participate in providing the needed power to 

the MGi. Due to these two latter cases, the MGi is not 

satisfied and the next neighboring MG will be tested. These 

iterative tests are continued until verifying all neighboring 

MGs and finishing with an operating mode 1 or a required 

power "ΔPi1(t)" then passing to the next step. 

If "c > 𝑛", the next step is to verify the available storage 

power of the MGi as shown in Fig.2 - S2. In fact, when 

"SOCBi(t) ≥ SOCmin", this is the mode of power storage 

discharging in the MGi. The battery Bi acts to compensate the 

lack of power"ΔPi1(t)" by discharging power 

"PBi_ref(t)=ΔPi1(t)". So, "ΔPi1(t) = 0" and the MGi is 

satisfied by the discharge operation of its own battery, this is 

the case of mode 2. When "SOCBi(t) < SOCmin", meaning 

that the battery Bi reaches the minimum state of charge 

"SOCmin" and cannot participate in feeding the power 

variation "ΔPi1(t)". Thus, "PBi_ref(t)=0", "ΔPi2(t)= ΔPi1(t)" 

and then the MGi is not satisfied. 

After testing the available storage power of the battery Bi 

and having the result that the MGi is still in need of power, 

the available storage power of each neighboring MGk will be 

verified in the next step as shown in Fig.2 - S3. There are k 

neighboring MGs with "k=1,…,n-1". The following iterative 

procedure will be continued until verifying all the available 

storage power of neighboring MGs and finishing with 

providing the needed power or nothing. The considered 

initializations are "ΔPi3(t)=ΔPi2(t)" and "k=1". If "k ≤ n-1" 

and "SOCBk(t) ≥ SOCmin", meaning that the storage is 

accessible for the discharging of power until the minimum 

state of charge 'SOC min' is reached and "PBk_ref(t)=ΔPi3(t)", 

the new value of lack of power is                

"ΔPi3(t)=ΔPi2(t) − ∑ PBj
k
j=1 (t)". If "ΔPi3(t) =0", the 

required power in the MGi is completely satisfied by the 

discharge operation of the neighboring battery Bk and this is 

the case of mode 3. The available storage power of the next 

neighboring MG will be verified in two cases: first when 

"ΔPi3(t)≠0" which means that the needed power of MGi  is 

not completely compensated by the battery Bk discharge 

power and second when "k ≤ n-1" and                

"SOCBk(t) < SOCmin" which means that the battery Bk 

expects the minimum state of charge 'SOCmin' and 

"PBk_ref(t)=0". These iterative tests are continued until 

verifying all the available storage power of neighboring MGs 

and finishing with an operating mode 3 or a lack of power 

"ΔPi3(t)" and passing to the next step when "k>n-1". 

 The operating modes 4,5,6 will appear when the needed 

power of the MGi is not fulfilled neither by any of its 

neighboring MGs intervention (RES power excess or storage 

discharging power) nor by its own storage discharging 

power. 

"ΔP49.8 (t)" is the power grid absorption corresponding to 

the 49.8 Hz frequency. The exchange of "ΔP49.8(t)" between 

the grid and the MGs should be assured without disturbing 

the grid stability and maintaining the frequency in the desired 

range. This power is presented in the following relation [27]:  

𝛥𝑃49.8(𝑡)=𝑃𝐺𝐶𝐿−𝑚𝑎𝑥(𝑡)−𝑃𝐺𝐶𝐿(𝑡) (11) 

As shown in Fig.2 - S4, the algorithm compares its value 

with the power deficiency "ΔPi3(t)". If "ΔPi3(t) ≤ ΔP49.8(t)", 

the grid power can supply the required power of the MGi 

without disturbing the grid stability. Then, "ΔPi3(t)=0" and 

the MGi is satisfied with the power absorption from the grid. 

This is the case of mode 4. When "ΔPi3(t) > ΔP49.8(t)", the 

required power not fed is "ΔPi4(t) = ΔPi3(t)". In order not to 

surpass the grid frequency limit "49.8", the grid affords only 

the power equal to "ΔP49.8(t)". Because the priority loads 

must always be satisfied in whatever condition, the algorithm 

compares the power of high priority loads (HPLs) with the 

absorbed power from the grid in order to verify if the source 

of lack of power "ΔPi3(t)" is coming only from the HPLs  or 

from both high and low priority loads (LPLs) as shown in 

Fig.2 -S5. 

Mode 5 corresponds to the case when the  power 

"ΔPHPLi(t)" is less than the absorbed power from the grid 

"ΔP49.8(t)", meaning that the HPLs and a part of the LPLs 

(whose power is "ΔP′LPLi(t)") are fed by the grid with 

"ΔPHPLi(t)+ΔP′LPLi(t)=ΔP49.8(t)".                       

"ΔP"LPLi(t) = ΔPi4(t)  − ΔP49.8 (t)" correspond to the 

remaining part of  the LPLs which is disconnected. 

Mode 6 corresponds to the case when the HPLs power is 

higher than the absorbed power from the grid. In fact, in 

order not to disturb the grid frequency, the power absorbed 

from the grid must not exceed "ΔP49.8(t)" and then, the HPLs 

are not completely satisfied with the grid power "ΔP49.8(t)". 

In that case, "ΔP′HPLi(t) = ΔP49.8(t)" and a part of the HPLs 

(ΔP"HPLi(t)) is still not fed together with the LPLs 

(ΔPLPLi(t)). Therefore, loads corresponding to the power 

"ΔP"HPLi(t)=ΔPi4(t)-ΔP49.8(t)-ΔPLPLi(t)" are covered by the 

DGi power and loads corresponding to the power "ΔPLPLi(t)" 

are disconnected. 

Now, treating the case when "ΔPi0(t)<0" which means that 

there is an excess of power in the MGi. To get the 

equilibrium between production and consumption power, the 

first step is to verify if the neighboring MGc indexed by 

"c=i+1,…,n" have a lack of power in order to meet the 

needed power by "|ΔPi0(t)|" as shown in Fig.2 -S6. The 

following iterative procedure will be continued until 

verifying that they absorb the excess of  power "|ΔPi0(t)|", a 

part of it or nothing. The considered initializations are 

"|ΔPi1(t)|=|ΔPi0(t)|" and "c=i+1". If "c ≤ n", it is necessary to 

compare the RESc generated power "PRESc(t)" with the load 

required power "PLc(t)". In fact, when "PRESc(t) < PLc(t)", 

meaning that the neighboring MGc has a required power 

"ΔPc(t)= PLc(t) − PRESc(t)" which will be compared with the 
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excess of power "|ΔPi1(t)|". When "|ΔPi1(t)|≤ ΔPc(t)", the 

load of neighboring MGc can absorb the excess of power 

which leads to a decrease of the required power "ΔPc(t)" and 

a power equilibrium in the MGi by supplying the power lack 

with "|ΔPc(t)|". This is the case of mode 7. When    

"|ΔPi1(t)|> ΔPc(t)", the MGi can afford the needed power in 

the neighboring MGc but still has an excess of power 

presented as follows "|ΔPi1(t)|=|ΔPi0(t)| − ∑ ΔPc
c
j=i+1 (t)". 

Otherwise, when "PRESc(t) > PLc(t)", the neighboring MGc 

has an excess of power and cannot absorb "|ΔPi0(t)|".  In 

these two latter cases in which the MGi has an excess of 

power, the  next neighboring MGc will be tested and these 

iterative tests will be continued until verifying all 

neighboring MGs and finishing with getting mode 7 or an 

excess of power "|ΔPi1(t)|". 

If "c > 𝑛", the next step is to verify the available storage 

power of the MGi as shown in Fig.2 -S7. When     

"SOCBi(t) ≤ SOC max", the battery Bi absorbs the excess of 

power "|ΔPi1(t)|" charging its power "PBi_ref(t)=|ΔPi1(t)|". As 

a consequence, the balance between production and 

consumption power in MGi is ensured by the charge 

operation of its own battery. This is the case of mode 8. 

When the battery Bi expects the maximum state of charge 

"SOCmax", it cannot charge the excess of power of the MGi 

and therefore "PBi_ref(t)=0" and "|ΔPi2(t)|=|ΔPi1(t)|". Due to 

this case, the MGi still has power excess "|ΔPi2(t)|". 

Now, after testing the available storage power of the 

battery Bi and having the result that the MGi has  power 

excess, the available storage power of each neighboring MGk 

will be verified in the next step as shown in Fig.2 -S8. There 

are k neighboring MGs with "k=1,…,n-1". The following 

iterative procedure will be continued until verifying all the 

available storage power of neighboring MGs and finishing 

with charging the battery Bk with the excess of power, a part 

of it or nothing. The considered initializations are 

"|ΔPi3(t)|=|ΔPi2(t)|" and "k=1". If "k ≤ n-1" and when 

"SOCBk(t) ≤ SOCmax", the excess of power "|ΔPi3(t)|" will 

be sent to the battery Bk. In fact, the battery Bk acts to absorb 

"|ΔPi3(t)|" by charging "PBk_ref(t)=|ΔPi3(t)|". The new excess 

of power is "|ΔPi3(t)|=|ΔPi2(t)| − ∑ PBj
k
j=1 (t)". If 

"|ΔPi3(t)| =0", the equilibrium between production and 

consumption power in MGi is ensured by the charge 

operation of its neighboring battery Bk. This is the case of 

mode 9. If "|ΔPi3(t)|≠0",  the excess of power of MGi is not 

completely charged by the neighboring battery Bk. If 

"SOCBk(t) > SOCmax", the SOC limit is reached,  

"PBk_ref(t)=0" and then the battery Bk cannot participate in 

absorbing the required power in MGi. Due to these two latter 

cases, the MGi still has an excess of power "|ΔPi3(t)|" and 

hence the next available storage power of neighboring MGs 

will be tested. These iterative tests will be continued until 

verifying all the available storage power of neighboring MGs 

and finishing with an operating mode 9 or an excess of 

power "|ΔPi3(t)|" and passing to the next step when "k>n-1". 

The operating modes 10 and 11 will appear when the MGi 

still has an excess of power not absorbed neither by the 

neighboring MGs (loads in need of power or charging 

power) nor by its own battery charging power. 

"ΔP50.2(t)" is the power corresponding to the 50.2 Hz 

frequency. This power is presented in the following equation 

[27]: 

𝛥𝑃50.2(t)=𝑃𝐺𝐶𝐿−𝑚𝑖𝑛(𝑡) − 𝑃𝐺𝐶𝐿(𝑡) (12) 

The exchange of "|ΔP50.2(t)|" between the grid and the MGs 

should be assured without disturbing the grid stability and 

maintaining the frequency in the desired range [27]. So, as 

shown in Fig.2 -S9, the power grid injection into the grid 

"|ΔP50.2(t)|" will be compared with the excess of power 

"|ΔPi3(t)|". When "|ΔPi3(t)| ≤ |ΔP50.2(t)|", "|ΔPi3(t)|" can be 

injected into the grid without disturbing its frequency. As a 

consequence, the MGi is satisfied with power injection into 

the grid and "ΔPi3(t)=0". In this situation, mode 10 is 

obtained. When "|ΔPi3(t)| > |ΔP50.2(t)|", the power excess of 

the MGi is higher than the power which can be injected to the 

grid without exceeding the frequency 50.2 Hz and then the 

power excess of MGi is formulated as "|ΔPi4(t)|=|ΔPi3(t)|". In 

fact, only a part of the excess of power is injected into the 

network without disturbing the grid stability              

(Pinj_G(t)= |ΔP50.2(t)|). Consequently, the MGi still has an 

excess of power which will be sent to the dump load 

(PDump_L(t)= |ΔPi4(t)|-Pinj_G(t)) as shown in Fig.2 S10. This is 

the case of mode 11. 

Once the equilibrium between production and 

consumption power in MGi is ensured (ΔPif(t)=0), the same 

steps will be treated for the next MG until testing all the 

MGs. 

5. Simulation Results  

The simulated case study is made up of 3 MGs integrated 

HRES (n=3). The details of HRES in each MG are given in 

table 1. The specifications of the wind turbines, the PV 

module and the Li-ion battery cell  are listed in Tables 2, 3 

and 4, respectively. 

In order to evaluate the effectiveness of the proposed 

strategy and to validate the different power flow paths, the 

simulation of the case study is performed using Matlab-

Simulink. The simulation is executed over a period of 24 h 

for  a typical day. In normal conditions, the network 

produces 215 MW in order to feed its connected loads. 

This proposed strategy is evaluated according to the 

following conditions: 

- Wind speeds of MGs 1, 2, and 3 that curve between 7 and 

13 m/s are shown in Fig. 3. 

- WF powers of MGs 1, 2 and 3 are given by Fig. 4. 

- Solar irradiations of MGs 1, 2 and 3 are illustrated in Fig. 5. 

- PV powers of MGs 1, 2 and 3 are observed in Fig. 6. 

-Load demand powers of MGs 1, 2 and 3 are shown in Fig. 

7. 

Fig. 8 shows the battery states of charge and the battery 

powers of MGs 1, 2 and 3. 

Power variation assessment ("ΔP10(t)" → "ΔP11(t)" → 

"ΔP12(t)" → "ΔP13(t)" → "ΔP14(t)" → "ΔP1f(t)") in which the 

power path chosen for the MG1 ensures its power equilibrium 

between production and consumer demand is illustrated in 

Fig. 9. Indeed, the power transition from "ΔP10(t)" to 

"ΔP11(t)" point out the intervention of the neighboring MGs 

2 and 3 (with their RES power excess or their required 

power). The power transition from "ΔP11(t)" to "ΔP12(t)" 
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shows the intervention of the battery B1 (with charge or 

discharge operations). The power transition from "ΔP12(t)" to 

"ΔP13(t)" brings to light the intervention of the battery B2 

and the battery B3 (with charge or discharge operations). The 

power transition from "ΔP13(t)" to "ΔP14(t)"  points out the 

grid intervention (injection or absorption). Then, the power         

 

Fig.3. Wind speed in MGS 1, 2 and 3. 

 

Fig.4. WF power in MGs 1, 2 and 3. 

 

Fig.5. Solar irradiation in MGs 1, 2 and 3. 

 

Fig.6. Photovoltaic power in MGs 1, 2 and 3. 

 

Fig.7. Load demand powers of MGs 1, 2 and 3. 

 

transition from "ΔP14(t)" to "ΔP1f(t)" is made visible in case 

of lack of power or excess of power. In case of lack of 

power, this power transition shows either the grid 

intervention for supplying the HPL1 and a set of LPL1 while 

the rest of it is disconnected, or the grid and the DG1 

intervention for supplying the HPL1 while all the LPL1 is 

disconnected. In case of excess of power, this power 

transition points out the damping load operation.  

The power variation assessment of MG1 shows that after 

every change in RES supply or load, power variation in MG1 

is regulated to zero in order to maintain  the equilibrium 

between production and consumption power in MG1. 

Transitions between the eleven modes of the MG1 during 

the whole day are shown in Fig. 10 and it is noted that, at 

each moment, only one mode is active. It is shown in that 

figure that whatever change in RES supply or energy 

demanded by loads in MG1, the proposed approach offers 

many power flow possibilities to monitor the MG1 in the 

eleven modes and the energy demanded by loads is supplied 

by the RES1. 

In case of lack of power, the required power is compensated 

by one of the following possibilities : 

 the power excess generated by the RES of neighboring 

MGs 2 and 3 (mode 1) 

 the discharge operation of its own battery B1 (mode 2) 

 the discharge operation of its neighboring batteries B2 and 

B3 (mode 3) 

 the supply of the main grid without disturbing the grid 

stability (mode 4) 
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 the grid supply of HPL1 and a set of LPL1while the rest 

LPL1 is disconnected (mode 5) 

 the supply of the HPL1 by grid and DG1 while all the 

LPL1 is disconnected (mode 6). 

In case of power excess, the equilibrium between production 

and consumer demand power is maintained by one of the 

following possibilities : 

 meeting the needed power required by the neighboring 

MGs 2 and 3 (mode 7) 

 charging its own battery B1 (mode 8) 

 charging its neighboring batteries B2 and B3 (mode 9) 

 injecting the power excess into the grid without disturbing 

the grid stability (mode 10) 

 sending the power excess to the dump load (mode 11). 

In order to reveal the power path chosen for the MG2 to 

ensure its power equilibrium between production and  

 
Fig.8. The battery states of charge and the battery powers of MGs 1, 2 and 3. 

 

 

consumer demand, Fig. 11 shows the power variation 

assessment ("ΔP2(t)" → "ΔP20(t)" → "ΔP21(t)" → "ΔP22(t)" 

→ "ΔP23(t)" → "ΔP24(t)" → "ΔP2f(t)"). The power transition 

from "ΔP2(t)" to "ΔP20(t)" points out the participation of the 

MG2 (with its RES power excess or its required power) in 

maintaining the power equilibrium between production and 

consumption of the MG1 and consequently reducing the gap 

of power between production and consumption in MG2 . The 

power transition from "ΔP20(t)" to "ΔP21(t)"  points out the 

intervention of the neighboring MG3 (with its RES power 

excess or its required power). The neighboring MG1 (with 

their RES power excess or their required power)  don't 

participate in the power equilibrium of the MG2 in order not 

to disturb its equilibrium power already maintained between 

production and consumption by the power management 

algorithm. The power transition from "ΔP21(t)" to "ΔP22(t)" 

shows the intervention of the battery B2 (with charge or 

discharge operations). The power transition from "ΔP22(t)" to 

"ΔP23(t)" reveals the intervention of the battery B3 and the 

battery B1 (with charge or discharge operations). The power 

transition from "ΔP23(t)" to "ΔP24(t)"  points out the grid 

intervention(injection or absorption). Then, the power 

transition from "ΔP24(t)" to "ΔP2f(t)" shows clearly the 

equilibrium maintained between production and consumption 

power in case of lack of power or excess of power. In case of 

lack of power, this power transition is made visible whether 

after the grid intervention for supplying the HPL2 and a set of 

LPL2 while the rest of it is disconnected, or after the grid and 

the DG2 intervention for supplying all the HPL2 while all the 

LPL2 is disconnected. In the case of excess of power, this 

power transition points out the damping load operation.  

The power variation assessment of MG2 reveals that after 

every change in RES supply or load, power variation in MG2 

is regulated to zero in order that the equilibrium between 

production and consumption power in MG2 is maintained. 

Similarly to the MG1, the proposed supervision algorithm 

principal is applied to the MG2. It allows getting the 

operating modes (1, 2, 3, 4, 7, 8, 9, 10, 11) which are 

illustrated in Fig. 12.  

To display the power path chosen for the MG3 to ensure its 

power equilibrium between production and consumer 

demand, Fig. 13 illustrates the power variation assessment 

("ΔP3(t)" → "ΔP30(t)"  → "ΔP32(t)" → "ΔP33(t)" → "ΔP34(t)" 

→ "ΔP3f(t)"). The power transition from "ΔP3(t)" to "ΔP30(t)"  

shows the participation of the MG3 (with its RES power 

excess or its required power) in maintaining the power 

equilibrium between production and consumption of the 

MGs 1 and 2 and consequently reducing the gap of power 

between production and consumption in MG3. The 

neighboring MGs 1 and 2 (with their RES power excess or 
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their required power)  don't participate in the power 

equilibrium of the MG3 in order not to disturb their 

equilibrium power already maintained between production 

and consumption power by the power management 

algorithm. So, the algorithm moves to examine the 

intervention of the battery B3 (with charge or discharge 

operations) which is observed according to the power 

transition from "ΔP30(t)" to "ΔP32(t)". The power transition 

from "ΔP32(t)" to "ΔP33(t)" shows the intervention of the 

battery B2 and the battery B1 (with charge or charge 

operations). The power transition from "ΔP33(t)" to "ΔP34(t)" 

proves the grid intervention (injection or absorption). Finally, 

the power transition from "ΔP34(t)" to "ΔP3f(t)" confirms the 

equilibrium maintained between production and consumption 

power in case of lack of power or excess of power. In case of 

lack of power, this power transition shows either the grid 

intervention for supplying the HPL3 and a set of LPL3 while  

 

Fig.9. Power variation assessment of MG1. 

 

 
Fig.10. Operating modes of MG1. 
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Fig.11. Power variation assessment of MG 2. 

 

the rest of it is disconnected, or the grid and the DG3 

intervention for supplying the HPL3 while all the LPL3 is 

disconnected. In case of excess of power, this power 

transition makes visible the damping load operation. 

 

 
Fig.12. Operating modes of MG2. 

 

 

Fig.13. Power variation assessment of MG3. 

 

The power variation assessment of MG3 shows that after 

every change in RES supply or load, power variation in MG3  

is regulated to zero so that the equilibrium between 

production and consumption power in MG3 is obtainable.  

Similarly to the MG1 and MG2, the proposed supervision 

algorithm principle is applied to the MG3. It allows getting  
 

 

Fig.14. Operating modes of MG3. 

 

Table 1. Details of distributed energy resources in each MG 

of the studied system. 

 

MGs PPV 

(MW) 

PWF  
(MW) 

PB  
(MW) 

PDG  
(MW) 

MG 1 (30 MW) 14 14 1 1 

MG 2 (40 MW) 18 20 1 1 

MG 3 (30 MW) 16 12 1 1 

 

Table 2. Specification of the wind turbines. 

Parameters Value 

Power rated (MW) 2 
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Vc (m/s) 6 

Vr (m/s) 11.2 

Vf (m/s) 30 

 

Table 3. Specification of the PV module. 

Parameters Value 

Type Monocristalline silicon 

Nominal peak power (W) 280 

Reference effeciency (%) 16.9 

Optimum operating 

voltage (Vmp)  

32.4 

Optimum operating 

current (Imp) 

8.68 

Open circuit voltage (V) 38.6 

Short-circuit current (A) 9.37 

Noct (C°) 46.5 

Dimensions 1625×1019×46 mm 

 

Table 4. Specification of Li-ion battery cell(3.3V, 2.3A h). 

 

Parameters Value 

Battery constant voltage 3.366 V 

Internal resistance 0.01 Ω 

Constant Polarization 0.0076 Ω 

Exponential zone 

amplitude 

0.26422 V 

Exponential zone inverse 

constant time 
26.5487 (Ah)−1 

Battery cell energy 7.59 Wh 

Minimum SOC limit 20% 

Maximum SOC limit 80% 

 

 

 

 

 

 

 

Fig.15. "Power dispatching" algorithm  impact on the grid frequency: power of grid connected loads after algorithm 

intervention (a) and grid frequency after algorithm intervention (b). 

 

the operating modes (2, 3, 4, 5, 6, 8, 9, 10, 11) which are 

illustrated in Fig. 14.  
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doesn't exceed power limits "PGCL_min" and "PGCL_max". 

Figure 15b shows the grid frequency after algorithm 

intervention (modes 4, 5, 6, 10 and 11). It is observable that 

the grid frequency variation does not exceed its desired 

margins after grid participation in maintaining equilibrium 

between production and consumption power of MGs. 

 
Conclusion 

This article presents a power dispatching algorithm 

addressing the power flow between MGs. This algorithm 

ensures the managing of multi-input energy sources with the 

consideration of the load demand and also the dispatch of the 

power exchanged among the neighboring MGs and the main 

grid. MGs can operate either in an islanded mode when the 

internal loads are fed with the MG's own hybrid system or 

with the neighboring MG's hybrid system, or in grid-

connected mode when the MG is connected to the main grid. 

The equilibrium between production and consumption power 

in each MG is ensured through power exchanging between 

the neighboring MGs as well as the main grid. Simulation 

results are presented to show the reliability of the proposed 

power dispatching strategy. 
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Nomenclature 

Vi wind speed applied to each WT (m/s) I battery current (A) 

nT number of WT units i.t actual battery charge (Ah) 

Vc cut-in wind speed (m/s) i∗ battery filtered current (A) 

VF cut-off wind speed (m/s) K constant polarization 

VR rated wind speed (m/s) Q battery capacity (Ah) 

PWr WT rated power (KW) A exponentiel zone amplitude (V) 

NPV number of PV B exponentiel zone inverse constant time ((Ah)−1) 

GI global solar irradiation (W. m2) SOCmin minimum value of the battery SOC 

Tc solar cell temperature (°C) SOCmax maximum value of the battery SOC 

Tcref reference solar cell temperature (°C) τC the fuel combustion delay 

Ta ambient temperature (°C) τd the ignition retard 

APV PV generator surface F the fuel level gain. 

Noct nominal operating cell temperature (°C) PGCL the demanded power by the grid connected load  

U0 battery constant voltage (V) PGCL−min the demanded power from the grid connected load at 

the PCC corresponding to the frequency 50.2 

R battery internal resistance (Ω) PGCL−max the demanded power from the grid connected load at 

the PCC corresponding to the frequency 49.8 
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