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Abstract—MG systems integrate renewable energy sources 
(RES) together with storage devices for being connected to the 
traditional electrical grid in order to supply the power to the 
building’s loads. However, management and control 
approaches are required for seamless integration of these 
systems in energy efficient buildings. In this paper, a model 
predictive control approach is introduced for efficient MG 
operation. The proposed approach allows minimizing the usage 
of the traditional electric grid for supplying the power to the 
building’s loads by using as much as possible the power 
generated by RES while optimizing the storage devices 
operations. A model predictive control (MPC) strategy is 
proposed in order to balance the power flow in MG system. 
The deployed strategy controls the charge/discharge current of 
the battery depending on RES production, and load 
consumption variability. Simulations have been conducted 
using real dataset generated from our deployed MG system, 
and preliminary results show the usefulness of predictive 
control principles for the efficient operation of MG systems.  

Keywords—renewable energy sources, micro-grid systems, 
model predictive control, state of charge, photovoltaic system, 
IoT/Big-data. 

I. INTRODUCTION  

Renewable energy technologies have been developed in 
the past decades as main sources for producing green energy 
while limiting CO2 emissions. In fact, the high integration of 
these energy sources with different storage systems in 
buildings is being widely promoted to reduce the electric 
energy consumption [1]. Moreover, the aggregation of 
different sources and loads together with the traditional 
electrical grid stimulate the deployment of micro-grid (MG) 
systems into energy efficient buildings [2]. However, their 
integration into buildings introduced several challenges 
because of intermittency and uncertainty of RES-power 
generation. Optimal control and energy management 
approaches of MG systems are, therefore, one of the most 
challenging issues that have to be further tackled in order to 
ensure the Demand/Response balance while ensuring the 
safety and reliability of the electricity with a minimum total 
cost.  

For that, a model predictive control (MPC) strategy is 
introduced for energy management in MG systems. As 
depicted in Fig. 1, the MPC is an advanced control 
technique, which has been proposed for predicting and 
forecasting the suitable actions by solving a finite-horizon 
open-loop control problem [3, 4]. For instance, a model 
predictive control approach is presented in [3] for 
ventilations’ control using contextual building’s data. This 
approach showed its efficiency in terms of occupants’ 
comfort and energy reduction compared to other real-time 

controllers (PID, state feedback). The MPC principles have 
been also used for MG systems control management (e.g. [6, 
7]). However, most of research work focused on the control 
aspects without considering the whole system management 
chain (e.g., sense, analyze, forecast, predict, and act over 
knowledge base), which requires advanced metering and 
computing platforms using recent IoT and Big Data 
technologies together with real-time machine learning 
algorithms [8].    

 
Fig.1. MPC operation scheme 

In this work, the system to be controlled is an MG 
composed of a set of photovoltaic (PV) panels and storage 
devices connected together with the traditional electrical grid 
in order to satisfy the building’s demand (e.g., lighting, 
ventilation system). The control strategy is based on the 
integration of an optimal scheduling technique, which could 
deal with the variability and the stochastic nature of the RES-
power generation. In fact, the control strategy uses the 
following forecasted parameters as inputs, the power 
production (e.g., photovoltaic power), the batteries state-of-
charge (SoC), and the electricity consumption with its daily 
costs in order to predict the suitable control decisions. More 
precisely, real measurements are used as forecasted inputs to 
the MPC strategy, mainly power production, load demand, 
and SoC, which are collected from different sensors (e.g., 
voltage sensors, current sensors). An IoT/Big-data platform 
was also deployed for data gathering, processing, and 
predictive analytics using recent machine learning 
algorithms. These algorithms are used to forecast the MPC 
input parameters (e.g., SoC) [9] in order to figure out the 
right decision according to actual situations. In fact, the MPC 
allows solving an optimization problem by determining the 
optimal control actions. Moreover, a Demand/Response 
control strategy is also developed and integrated into the 
platform for testing and performance evaluation. The control 
strategy uses the forecasted values of the input parameters 
not the real data in order to prediction the future actions. 

 In summary, the main contributions of this paper are as 
follows: A platform for data monitoring and real-time 
processing that integrates IoT/Big-data technologies is 
deployed together with a predictive control strategy in order 
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to balance the power flows between PV, batteries, and the 
traditional electrical grid. Using the data collected from a 
real MG, simulations have been conducted to study the 
usefulness of the platform and the effectiveness of the 
proposed control strategy. 

The remainder of this paper is organized as follows. 
Section 2 presents briefly the existing work from literature 
by focusing on those using predictive control principles. 
Section 3 presents the deployed MG system. The MG 
equivalent model together with the predictive control 
strategy is introduced in Section 4. Simulation results are 
presented in Section 5. Finally, conclusions and perspectives 
are given in Section 6. 

II. RELATED WORK 

MG systems are a collocation of decentralized electrical 
energy sources, storage devices and loads, which are 
connected to the traditional electric grid. These distributed 
sources are connected together using an advanced control 
platform including recent communication and sensing 
technologies [10]. In literature, different control strategies 
have been proposed to manage the power sources as a hybrid 
system by using real-time data as input parameters. Recently, 
MPC-based approaches have been proposed for predicting 
future actions based on real-time forecasting of system’s 
inputs (e.g., power production forecasting). In fact, 
significant research efforts have been dedicated to the 
integration of MPC strategies in MG systems for 
management and control.  

For instance, authors in [11] presented a MPC control 
scheme for wind power generation with a battery energy 
storage system in order to compensate the intermittency and 
the stochastic nature of power production. The proposed 
control strategy allows to sell more electrical energy at peak 
demand/price times and to store it during normal periods. A 
MPC approach for MG control is presented in [12] and 
deployed by [13, 14] for PV power generation in a MG 
system with mixed storage devices, battery and hydrogen-
based. The predictive controller optimizes the operational 
costs by considering the value of the generated energy, the 
cost of locally stored energy, and the operational constraints. 
The developed MPC approach presented in [13, 14] is 
validated in [15]. A MG testbed is implemented with a MPC-
based approach to manage the power in a real sitting scenario 
for efficient and reliable operation of the MG, including a 
fuel cell and electrolyzer as main equipment. 

In [6], authors presented the implementation of an MPC 
approach to balance the power in a hybrid system, which 
includes solar plant, fuel cell, and hydrogen storage. A mixed 
integer linear framework for MG modelling and optimization 
is illustrated in [7]. The proposed approach was investigated 
using experimental MG, which includes energy storage, grid 
interaction, and an MPC framework. Another interesting 
work is presented in [4]. Authors in [4] proposed a MPC 
approach for a PV system with storage devices with the aim 
to minimize the bill cost for customers by predicting 
information concerning the PV power generation, the load 
consumption, and the electricity price. In fact, the predicted 
values are used to optimize the operation of the PV system 
and the charge/discharge of the batteries. A strategy for 
energy management, based on MPC principles, is studied 
and developed in [16] for multi-MG systems. It was used 
mainly to achieve the balance between the power production 
and demand while minimizing the cost of the power supplied 

by efficient coordination of the extra energy production 
between the MG systems.  

In [17], authors introduced a MPC approach for real-time 
management of power generated by the PV panels with 
energy storage. The deployed approach allowed modifying 
the PV and energy storage’s power according to the actual 
consumption. Authors in [18] proposed an electric energy 
system optimization approach by solving the economic and 
environmental dispatch problems. A MPC approach was 
introduced based on a dispatch algorithm, which actively 
relies on direct control of intermittent resources for 
compensating fast load fluctuations. The work presented in 
[19] focuses on the development of a control system using 
MPC for wind and solar power generation system. The 
control system computes the power references for the PV 
and wind at each sampling time and the obtained values are 
used by two local controllers in order to drive the sources to 
the request power references. The control strategy was 
designed to optimize the suitable cost function for a 
standalone MG system. According to the work presented in 
[19], authors in [20] replaced the two centralized MPC 
controllers by two distributed ones in order to manage the 
operation of PV and wind power generation while providing 
the required energy to the loads.  

The work presented in this paper is a part of the work we 
are undertaking under an MIGRID project aiming at 
developing and deploying predictive control approaches for 
MG systems using recent IoT and Big data technologies 
together with predictive analytics. A platform is developed 
and deployed for gathering and processing data together with 
real-time control approaches. For instance, in [21], a control 
strategy is presented for balancing the power flow in the MG. 
This later is composed of PVs, batteries, and buildings 
equipment (e.g., ventilation system, lighting, HVAC). In this 
paper, the same control strategy is enhanced by using a MPC 
approach in order to balance the power production with the 
power consumption while considering the storage devices 
limits. Unlike the work presented in the literature, a 
centralized control is deployed and the maximum power 
generated by the PV is managed without limiting the sources 
to request power references. In fact, the battery storage 
operation is efficiently managed in order to optimize the use 
of energy by covering a maximum production from PV while 
minimizing the consumption from traditional electrical grid.  

III. MG SYSTEM ARCHITECTURE 

A MG system is deployed for conducting experimental 
evaluation of proposed approaches. It is connected to the grid 
in order to supply the power to the equipment when RES and 
storage are unavailable. The MG is mainly composed of PV, 
storage devices and active equipment (e.g., HVAC, stated 
alone ventilation system, lighting). Excess power can be 
shunted to the battery device to be stored for later usage. In 
fact, if the power is unavailable from RES, the storage 
devices continue delivering the electricity to the dedicated 
loads. It’s worth noting that the system is modeled, simulated 
and experimented validating then all deployed equipment 
[21, 22]. Furthermore, a battery characterization approach is 
developed for SoC estimation and forecasting using machine 
learning methods [9, 23].  

In the work presented in this paper, we have used the 
models already validated in our previous work and 
developed a predicted control strategy using real data 
gathered from the deployed MG system. In fact, to 



investigate the behavior of this approach using both 
simulations and the experimentations, the same conditions 
(e.g., temperature, irradiance) are used to simulate the MG 
model by using also real stored data (e.g., power production 
and consumption). For that, a data collection platform is 
implemented and deployed for real testing and validation of 
proposed approaches. It is an IoT /Big-data platform, which 
is composed of four main layers, sensors and actuators layer, 
data acquisition, data processing, and data 
visualization/storage layer [24]. Furthermore, current and 
voltage sensors are installed to measure the PV production 
for real testing scenarios. The data collected from these 
sensors need to be processed in real-time in order to figure 
out the right control decision according to actual situations 
(e.g., energy consumption-production patterns, and weather 
conditions data). Furthermore, these data have to be stored 
for further analysis, especially for evaluating predictive 
control strategies based on the historical data. As illustrated 
in Fig.2, the platform’s architecture contains a physical 

programmable circuit board, which is connected to different 
sensors for data collection. In the same time, the board is 
connected to a mini-computer (e.g., Raspberry) used to send 
the data to the platform for pre-processing and storage. 
Moreover, weather conditions are stored in order to study the 
behavior of the PV system for a seamless integration in the 
MG system. In fact, several scenarios need to gather internal 
and external context data. For that, a weather station is 
deployed near to the wind turbine to have as precisely as 
possible the data concerning wind’s speed and direction. The 
weather station was deployed and used to collect 
the data for real-time visualization and processing for further 
usage by other services and applications (e.g., PV power 
foresting, Wind). Also, the power production is measured in 
order to compare experimental and simulation results and 
validate the deployed system and scenarios as well. All these 
data are gathered and processed in real-time using our IoT 
and Big data platform [22]. 

 
Figure 2. The deployed MG system

IV. SYSTEM MODELING AND CONTROL 

The MG system includes RES (e.g., PV), which produce 
the power for supplying the loads (e.g., Lighting, ventilation 
system). The power excess is potentially stored in the 
batteries. However, the large variability of RES power 
generation, mainly due to the stochastic behavior of the 
weather condition (e.g., temperature, radiance, wind speed), 
increases the complexity in managing and controlling the 
whole system. Furthermore, the storage devices are 
important components of the system that should satisfy 
certain specifications by absorbing the variability of the RES 
power generation. Therefore, the control strategy should 
consider the SoC evolution in order to ensure the power 
requirements while maintaining the operating costs at a 
reasonable level. In this direction, an open circuit voltage 
(OCV) with resistance is chosen to simulate the battery 
model. The OCV can be established as a function of battery 
SoC using equation (1). In fact, the battery voltage is defined 
as the summation of the OCV and the dynamic voltage of the 
ohmic resistance	ܴ. 

ܸ௧(ݐ) = ൯(ݐ)ܥ൫ܸܵܥܱ + ܴ. 	(1)																		(ݐ)௧ܫ
This equation can be presented as follows, where ܽ  is an 
unknown parameter, which is calculated by the least-squares 
method using the experimental data extracted for the battery 
characterization [4, 5], ܫ  is the charge/discharge battery 
current, and R is the ohmic resistance: ܻ(ݐ) = ܽ. (ݐ)ܥܵ + ܴ. 	(2)																														ܫ
In fact, when the SoC reaches its maximal value, the charge 
current is null and the SoC can be extracted directly by the 
measurement of the battery’s voltage. For that, the equation 
(3) can be expressed as follows: ܻ(ݐ) =  (3)																																				(ݐ)ܥܵ
Moreover, the Coulomb counting method is often used to 
estimate the battery SoC, which is expressed as the available 
and nominal capacity C ratio. The quantity C of 
charge/discharge, which is accumulated during an operation 
period	߬, can be computed by measuring the current flow rate 



(charging/discharging) and integrating it over the time 
interval (equation (4)). ݐ)ܥ + ߬) = (ݐ)ܥ + 	(4)																																	ܥ∆
We can use the common equation (5) to calculate the future 
values of ܵݐ)ܥ + 1) by accumulating the actual ܵ(ݐ)ܥand 
the forecastedܫ௧ . This is because the MPC approach is 
based on the forecasting input in order to return the 
feedforward. ܵݐ)ܥ + 1) = (ݐ)ܥܵ + .(ݐ)௧ܫ 	(5)																		ܥ/ݐ∆
The idea behind that is to control the battery 
charging/discharging power using a MPC model. In fact, the 
control strategy regulates the battery current in order to reach 
the operating goals and to make the right decision: charge, 
discharge, or battery-at-rest. These decisions are made 
depending on the following condition (equation (6)): 

ܲௗ = ൜ ܲ௩ + ܲ௧	; 			݂݅	 ܲ௩ ≥ ܥܵ	݀݊ܽ	0 > ;	ܲௗܥܵ 						݂݅	 ܲ௩ < ܲௗ	ܽ݊݀	ܵܥ <  (6)								ܥܵ
where ܲௗ  is the load demand, ܲ௩ is the power generated 
by the PV panels, ܲ௧	is the power generated or extracted 
from the battery, and ܲௗ  is the power generated by the 
traditional electrical grid when the RES power is 
insignificant and the SoC is less than the threshold value, 
which is defined in the control strategy in order to avoid a 
deep discharge of the battery. In fact, the battery is forced to 
discharge when the load demand exceeds the PV generation 
( ܲௗ > ܲ), it is forced to charge when the PV production 
is higher than the demand ( ܲௗ < ܲ ), and finally the 
battery is at rest when the SoC is less than the threshold 
value and the PV production is null ܥܵ)	 < (ܥܵ . 
Moreover, the surplus of the PV production is captured by 
the battery. The optimization function can be formulated in 
order to keep the battery SoC at its maximum state. The main 
idea is to minimize the given objective function ܧே (equation 
(7)) within a future horizon n, while the problem constraints 
to be satisfied are presented in equation (8). 

ேܧ = ݔܽ݉ܥܵ ቆ 1⋮1nቇ − (ݐ)ܥܵ ൭ SoC(t)⋮SoC(t + n)൱													 (7) ൜ܵܥ < ܥܵ < ௫ܲ௩ܥܵ + ܲ௧ = ܲௗ 																																			(8) 
The MPC strategy is then designed based on the 

abovementioned equations in order to obtain the equilibrium 
of power balance in MG systems. In fact, by considering the ܵ(ݐ)ܥ as the system state, equation (3) can be represented 
by the equation state representation with the following form: x(k + 1) = Ax(k) + BU(k)																								(9)	
where x(k) is the state, A=1, and the ܫ௧(ݐ) is the input. By 
interpolation, this equation to n step-ahead could be 
rewritten as follows (equation 10): 

۔ۖەۖ
(k	xۓ + 2) = Aଶx(k) + 	ABU(k) + 	BU(k)																																						x(k + 3) = Aଷx	(k) +	AଶBU(k) + 	ABU(k + 1) + 	BU(k + 2)⋮⋮x(k + n) = A୬x(k) + A୬ିଵBU(k) + ⋯+ BU(k + n − 1)									 				(10)	
This representation can be written in a matrix form as 
follows: 

൭x(k + 1)⋮x(k + n)൱ = ൭ A⋮A୬൱ 	x(k) + ቌ B 	0 … 0AB⋮ ⋱ 	⋱⋱ B ⋮0A୬ିଵB … AB Bቍ൭
U(k)⋮U(k + n + 1)൱	(11)	

 

It is equivalent to: 			Xഥ=Aഥ	x(k)+BഥU(k)                                   (12)                   

Similarly and by interpolation, the observation equation to n 
steps ahead is represented as follows: 

൭y(k + 1)⋮y(k + n)൱ = ൭ CA⋮CA୬൱ 	x(k) + ቌ CB 	0 … 0CAB⋮ ⋱ 	⋱⋱ CB ⋮0CA୬ିଵB … CAB CBቍ൭
U(k)⋮U(k + n + 1)൱       (13) 

It is equivalent to:			തܻ = തx(k)ܥ + തܦ തܷ																																																				(14)	 
For the input vectors, we consider the following change: 

۔ۖەۖ
(k)	Uۓ 	= 	U(k − 1)	+ 	ΔU(k)																																																																																U	(k + 1) = 	U(k) + 	ΔU(k + 1) = 	U(k − 1) + 	ΔU(k) + 	ΔU(k + 1)						⋮⋮U(k + n − 1) = 	U(k − 1) + 	ΔU(k)	+ 	ΔU(k − 1)+. . . +	ΔU(k + n − 1)	(15) 

 
This equation can be rewritten in the following matrix form: 

൮ U(k)U(k + 1)	⋮U(k + n)൲ = ൭ 1⋮1୬൱ 	U(k − 1) + ቌ1 	0 … 01⋮ ⋱ 	⋱⋱ ⋱ ⋮01 … 1 1ቍ൮
∆U(k)∆U(k + 1)⋮∆U(k + n + 1)൲      (16) 

It is equivalent to:  ഥܷ=I1U(k-1)+ܫଶ∆ ഥܷ(݇)																					               (17) 

Replacing (17) in (12), we obtain the following predictive 
model (equation 18): തܺ = (݇)ݔഥ	ܣ + ଵU(kܫതܤ − 1) +  ଶ∆Uഥ(k)      (18)ܫതܤ

Replacing (12) in (11), we get the predictive observation 
model as follows: തܻ = (݇)ݔഥ	ܥ + ଵU(kܫഥܦ − 1) +  ଶ∆Uഥ(k)         (19)ܫഥܦ

The criterion cost to optimize and to obtain the adequate 
command ∆Uഥ(k)  for reducing the error is defined by 
equation (20). In fact, the battery is used to satisfy the 
demands and it is preferable to keep a maximum SoC as it is 
possible. 

ܻ=	[ܵܥ௫	(k+1),	ܵܥ௫	(k+2),...,	ܵܥ௫	(k+n)]						(20)	
According to the set points, which the control is willing to 
reach, the error is described by:  E=Y- ܻ . Then, the 
criterion will be optimized in order to get the control 
sequence ΔU as the following: 

ܬ   = ଵଶ ்ܧܳܧ) + ∆Uഥ	ܴ	∆Uഥ	்)																								(21)	
The MPC strategy is designed by respecting the 

constraints. It forces the battery to be charged or discharged 
in order to absorb the production surplus or to supply the 
needed power to the loads. At the same time, by respecting 
the constraints, the battery cannot be discharged below a 
defined threshold value in order to avoid a deep discharge of 
the battery. Also, the battery should be kept as much as 
possible to its maximum SoC. It’s worth noting that the SoC, 
which is used like an input parameter to the MPC, is 
obtained by forecasting the battery charge/discharge current, 
which is also conditioned by forecasting the PV production 
and the load consumption using machine learning methods. 



V. SIMULATION RESULTS 

In this section, a MPC design model is used to optimize 
the battery charge/discharge current by considering the PV 
production and the consumption variability. It is mainly 
deployed into the MG simulation model for testing and 
validation. Real data obtained from the deployed MG 
system, presented in Fig. 2, are used to simulate the behavior 
of the SoC using the MPC control. In fact, the system 
contains PV panels for charging a battery storage system and 
to supply the power to the loads demand as well (e.g., 

lighting, ventilation system). For instance, when the battery 
is fully charged, another load is used like a resistor to absorb 
the surplus. An IoT/Big-data platform is used to collect the 
data (e.g., PV production, consumption, charge/discharge 
battery current), which are used to train a machine learning 
algorithm to forecast the input parameters for the control [9]. 
Moreover, by forecasting the PV power production and the 
consumption, we can estimate the SoC of the battery by 
using the equation (6) and the forecasted values are used like 
input to the MPC strategy. 

  
a)                                                                                                                               b) 

Figure 3. a) Battery charge/discharge current, b) The Real and estimated SoC 

   
a)                                                                                                                       b) 

Figure 4. a) The electricity cost and current difference, b) MPC SoC and electricity cost

As mentioned above a small micro-grid was built to test 
the preliminary control strategy using the real data. It 
contains energy sources (PV, grid) storage devise (battery) 
and a load (two ventilators). The PV is used to charge the 
battery and the battery in turn provides power to the 
ventilation system. However, in bad weather conditions or 
during the night the battery discharges, in order to ensure the 
proper operation of the ventilation, the power must switch 
automatically to the grid following the proposed control 
strategy. The control strategy needs the SoC as an input 
together with other parameters to select the most suitable 
action for either switch to the battery or to the electric grid. 

Fig. 3 (a) illustrates the battery charge-discharge current 
during 24 hours. Forecasting current values are used to 
estimate the SoC, which is used in this scenario as a setpoint 
for the MPC. In fact, the MPC generates a command to 
control the battery charge-discharge current depending on the 
variability of the PV production and the load consumption, 
which are presented indirectly by the variability of the 
battery current. The charge/discharge current varies in order 

to accumulate the power depending on the equation (6). 
Moreover, the MPC controls the SoC by optimizing the 
battery current variability depending on the defined 
constraints. Fig.3 (b) presents the variability of the SoC 
obtained by the MPC model compared to the desired SoC. At 
each time, the MPC generates one hundred points in the 
future separated by three seconds. The obtained current is 
used to calculate the SoC presented in Fig. 3 (b). The red 
curve presents the SoC estimated by the MPC model 
depending on the variability of the current generated from 
MPC strategy and the blue curve presents the setpoint 
(desired SoC). In fact, the MPC uses the forecasted current to 
predict the battery charge/discharge actions depending on the 
variability of the demands and the production. The smooth 
curve of the SoC obtained by the MPC strategy is due to the 
prediction principle. For a set of values, the MPC estimates 
the equivalent value of the power to extract or to supply to 
the battery in order to avoid a sudden change of the current.  

The blue curve presented in Fig. 4 a) shows the 
difference between the real battery current and the current 
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obtained by MPC control. The positive part means that the 
real current is higher than the estimated MPC current. In fact, 
the variability of the electricity cost is presented by the 
orange curve in order to show that the MPC discharges the 
battery when the electricity price is expensive. This cost 
function will be integrated in the future work in order to 
further optimize the price function. Moreover, as shown in 
Fig. 4 b), around 07:00 pm the battery starts discharging 
during the peak consumption period. In this work, the battery 
started to discharge because the PV production cannot satisfy 
the loads demands in this period of day without considering 
the price and the battery is discharging until the threshold 
(40%) value of the SoC is obtained (to avoid a deep 
discharging of the battery). For that, a cost function should 
be integrated in order to stop discharging the battery when 
the electricity price is inexpensive. Also, the traditional 
electrical grid can be even used to charge the battery at night 
when the cost is inexpensive in order to use it during the 
morning peak consumption. On another way, the 
charge/discharge cycle of the battery will be investigated in 
order to keep a good battery’s state-of-health. The cost 
function variability used in this part is presented depending 
on European foundation [25]. 

VI. CONCLUSIONS AND PERSPECTIVES 

In this paper, a model predictive control approach is 
designed for efficient MG operation. The aim is to minimize 
the usage of the traditional electric grid in order to supply the 
power to the building’s loads. We mainly focused on 
optimizing the SoC variability by controlling the battery’s 
current behavior. In fact, the MPC strategy was designed to 
balance the PV power production with the load demand by 
considering the battery storage devices constraints and 
charge/discharge optimization function. Also, an IoT/Big-
data platform was deployed for data monitoring and 
processing. Preliminary results showed the usefulness of the 
proposed predictive control approach for efficient operation 
of MG systems. Our ongoing work is focusing on the 
integration of this strategy in our deployed MG system for 
conducting experiments in real sitting scenarios. In future 
work, the cost function will be optimized by considering the 
possibility to inject the electricity from RES into the 
traditional electrical grid by considering the price profile, the 
battery can be eventually charged from traditional electrical 
grid. 
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