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I. INTRODUCTION

In recent decades, there has been renewed interest in renewable energy sources, which can be an alternative to traditional sources of polluting energy such as coal, oil, natural gas, etc. which are being depleted and the cause of global warming. The use of renewable energy sources is growing rapidly, which allowed to adopt a new approach of distributed architectures and to stand out from the conventional approach of centralized generation [START_REF] Katiraei | Microgrids management[END_REF]. The distribution and connection of distributed sources to the conventional utility grid has been the subject of several studies over the past ten years, especially when these generators based on renewable energy sources are of different and intermittent nature, which poses a problem of energy quality when considering energy variations, voltage stability problems (voltage drop, rapid fluctuation, interruption, harmonic distortions…) [START_REF] Ipakchi | Grid of the future[END_REF]. The concept of microgrid were proposed more than a decade ago as a solution to electrify remote areas and integrate Renewable Energy Sources (RESs) with Energy Storage Systems(ESSs) and different types of sensitive and no sensitive loads [START_REF] Lasseter | The certs microgrid concept-White paper on of distributed energy resources[END_REF]. Microgrids could operate in islanded mode as well as in grid connected mode and based on the type of connection between its different components, one can identify three types of microgrids: AC, DC and hybrid AC-DC microgrids [START_REF] Lasseter | Microgrids and distributed generation[END_REF] - [START_REF] Guerrero | Hierarchical control of droop-controlled AC and DC microgrids-A general approach toward standardization[END_REF]. Several researches have been carried out in AC microgrids [START_REF] Vasquez | Adaptive droop control applied to voltage-source inverters operation in grid-connected and islanded modes[END_REF]. In fact, AC distribution systems are the most adopted all over the world and offer many benefits in terms of ease of voltage transformation, especially for High Voltage Transmissions, and maturity of standardized technology [START_REF] Vasquez | Adaptive droop control applied to voltage-source inverters operation in grid-connected and islanded modes[END_REF]. On the other hand, DC microgrids are gaining nowadays an increasing interest and have many merits over AC grids mainly because most of RESs and ESSs are inherently DC type, so as many loads: computers, lighting, electric vehicle, home electronics, etc. Thus, adopting a DC type connection between all these components will result in less number of conversion stages and consequently, a higher system efficiency [START_REF] Dragicevic | Advanced LVDC electrical power architectures and microgrids: A step toward a new generation of power distribution networks[END_REF]. Moreover, the control of a DC microgid is less complex than an AC one because there are no issues with power quality, grid synchronization, frequency and reactive power regulation. Mainly, the prime control priority in a DC microgid is the regulation of the common DC bus voltage; in other terms, the achievement of a balance between the power generated by RESs and load demands and ensuring a proper load sharing between source converters [START_REF] Parhizi | State of the art in research on microgrids: A review[END_REF]- [START_REF] Dragičević | DC Microgrids-Part I: A Review of Control Strategies and Stabilization Techniques[END_REF]. However, the topology and the configuration of a microgrid define its possible operating modes and the best strategy of control to be adopted. A typical islanded DC microgrid configuration is depicted in Fig. 1, it consists of RESs: a solar PV array, a wind turbine, a Diesel Generator for emergency cases, an ESS and different types of DC loads. While most of studies and surveys address the control strategies and hierarchy in DC microgrids [START_REF] Kanti | Control Techniques in AC,DC and Hybrid AC-DC Microgrid : A Review[END_REF], [START_REF] Anand | Distributed control to ensure proportional load sharing and improve voltage regulation in lowvoltage DC microgrids[END_REF]- [START_REF] Dragicevic | A distributed control strategy for coordination of an autonomous LVDC microgrid based on power-line signaling[END_REF], this paper focuses on the modelling of an islanded DC microgrid and the problems related to the simulation side. It compares two approaches of converters modelling: instantaneous and average models in terms of precision of losses modeling, dynamic response of the system, simulation time and computational burden. The simulations are performed on MATLAB/Simulink. Since the main objective of this paper is the comparison between two model approaches in a DC microgrid simulation, a simple control strategy of microgrids based on a first level control functions such as (MPPT, current and voltage regulation loops…) is adopted, advanced functionalities of secondary and tertiary levels of control are not applied and are out of scope of this work. This paper is organized as follows: In section II, the microgrid configuration and the strategy of control of each unit is represented. In Section III, the instantaneous and the average model of converters are discussed. Simulation tests are performed in section IV, and a comparison between the two models approaches is carried out. Finally, section V conclude the paper.

II.

MICROGRID CONFIGURATION AND STRATEGY OF CONTROL Fig. 1 shows the microgrid configuration adopted in the frame of this work: each unit is connected to the common DC bus through its own converter controlled locally. To model the microgrid's units and components, ''Simpower Systems'' library in MATLAB/Simulink is used since it includes all RESs, ESSs and power electronics required blocks. As a global strategy of control, all RESs are functioning in MPPT mode while, the battery takes charge of regulating the DC bus voltage by charging/discharging processes. However, the diesel generator, as a polluting energy source, intervenes only in emergency cases to generate power and feed the loads. In the following, each microgrid unit is represented apart including its own configuration and converter's strategy of control:

A. PV Array

In order to model the PV solar generation, the block '' PV array'' is used. Knowing that the generated power from a PV 

B. Wind Turbine

The wind turbine configuration is shown in fig. 2, it is a typical configuration [START_REF] Xu | Implementation of MPPT for PMSG-based small-scale wind turbine[END_REF] constituted by a wind turbine model, a permanent magnet synchronous generator (PMSG), a Diode rectifier, a Boost converter connected to the common DC bus.

Regarding the control, a pitch angle controller block regulates the pitch angle of the turbine model and a system control block implements the MPPT algorithm to extract the maximum available wind power.

C. Diesel Generator

Different mathematical models of Diesel Generator (DG) are mentioned in [START_REF] Benhamed | Dynamic modeling of diesel generator based on electrical and mechanical aspects[END_REF]. The dynamic model adopted in this study addressees the electrical aspects of a DG rather than the mechanical ones. As shown in fig. 3, it consists of a Diesel Engine Governor which includes a diesel engine and governor system, an excitation system block which implements a synchronous machine (SM) voltage regulator and exciter, the output is the field voltage to apply to the input of a SM block.

The AC output of the SM is connected to the DC common Bus through a 3 phase Universal Bridge Rectifier. As previously mentioned, the DG intervenes only in emergency cases, e.g. if the generated power is less than the load demands and the battery is already discharged, then the DG is connected to the microgrid to balance the power flow and prevent battery excess discharging. Once the power deficit is no longer persistent, the DG is disconnected form the microgrid. Hence, the DG converter is current/power controlled through a current loop in order to provide a specific amount of power when needed for a limited period of time.

D. Battery and DC loads

The ''Battery'' block is used to implement a Lithium-Ion 500Ah -300 V Battery model. It's connected to the DC bus voltage through a DC/DC bidirectional converter which functions as Boost in discharging process and as Buck in charging process. The battery main control objective is the regulation of the common DC bus voltage. A cascaded voltage and current loops regulation technique is adopted as shown in fig. 4: the DC bus voltage is regulated using a P.I. controller which generates the reference current to be injected/absorbed from the battery, then the battery current is regulated using another P.I (All P.I.s are equipped with Anti-Windup systems).

Variable DC current sources are utilized to model the DC loads.

III. INSTANTANEOUS AND AVERAGE MODELING OF CONVERTERS

Based on the hierarchy, control objective and level in a microgrid, the time scale in which the microgrid should be simulated varies. In turn, the simulation time is well limited by the model adopted in MATLAB/Simulink which induces many constraints in terms of precision, sampling time, computational burden…When the instantaneous converters models are used with real switching devices, the system behavior is modeled with best accuracy in terms of dynamic response, losses modelling…, whereas long time simulations cannot be performed due to the reduced sampling time, related to the switching frequency of converters, which results in a slower simulation. In addition, the complexity of the model contributes to high computational burden requiring a large memory space in the hardware which can block the simulation if the PC does not have a high computing capacity. Hence, instantaneous converters modeling can be utilized to simulate few seconds of the microgrid behavior and is not adequate for power flow analysis and optimization, especially while sources and loads profiles are realistic and spread over wide times. Thus to cope with the tradeoff between the model accuracy and the time range of the simulation, average converters model solution is adopted.

A. Average model converter configuration

To Moreover, a snubber resistance could be added in parallel to the current controlled source to model losses in the diode and the switch. Thus, the adopted average model configuration doesn't affect the accuracy of the converter model and exhibits the same behavior as the instantaneous model. Similarly, the DC/DC bidirectional converter and the 3 phase Universal Bridge Rectifier are modelled with same strategy, based on their own equations.

B. Sampling Time Selection

The selection of the sampling time (𝑇 𝑠 ) in each model is directly influenced by the time constants of the system and the switching time of converters. In instantaneous model, the switching time of each converter (𝑇 𝑠𝑤_𝑖 ) should be lower than the smallest time constant (𝜏 𝑖 ) of the system related to its own unit ( 𝑇 𝑠𝑤_𝑖 ≪ 𝜏 𝑖 ) then, the sampling time of the simulation is selected based on the lowest switching time of converters. It can be seen that a ratio of 100 between the sampling and the switching time ( 𝑇 𝑠_𝐼𝑀 = 𝑇 𝑠𝑤 100 ) presents a good tradeoff between the quality of the obtained curves and the duration of the simulation. On the other hand, the sampling time in average model is no more influenced by the switching time of converters since switches are omitted in the average approach. So, the sampling time is chosen to be lower than the lowest time constant of the system ( 𝑇 𝑠_𝐴𝑀 ≪ 𝜏 𝑙𝑜𝑤𝑒𝑠𝑡 ). In order to obtain accurate results, the sampling time is chosen to be equal to the switching time of the instantaneous model (𝑇 𝑠_𝐴𝑀 = 𝑇 𝑠𝑤 ). By this, good quality results are guaranteed and a gain of 100 in sampling time is ensured between the two simulations models: (𝑇 𝑠_𝐴𝑀 = 100. 𝑇 𝑠_𝐼𝑀 ),which makes the average model simulation much faster than the instantaneous one. To test the validity of the average model, the boost converter configuration of fig. 5 

IV. SIMULATION TESTS AND RESULTS

Since the instantaneous model most accurate, it is used as a reference to validate the viability of the average model on the overall microgid through many simulation tests. Then, a comparison between the two modeling approaches is conducted. Simulations are performed on a Core i5 2.6 GHz CPU Processor and a 6 GB RAM memory. All microgrid parameters and data are listed in table 1. First, the instantaneous model is tested apart with a specific scenario to validate the strategy of control of the system. Fig. 6.a shows the results of the simulation, in this scenario RESs generate variable power and are functioning in MPPT mode. Since the generated power of RESs is lower than the load demand, the battery discharges to stabilize the DC bus voltage and ensure the power balance in the microgrid. After a while (at t=2.9s), the battery state of charge (SOC) decreases above its admissible limit so, the diesel generator is connected to prevent battery excess discharging and balance the power in the DC microgrid. It's shown from fig. 6.b that the DC bus voltage is stabilized on its reference value (730V) within the allowable variation limits. In addition, the SOC of the battery stops its fast decrease and is almost stabilized after the connection of the diesel generator. Despite the accuracy of this model, it requires a lot of time to be simulated (2 min 40s) and for higher simulation time (t>6s in our case), the software is blocked due to the limitation in the hardware computational capacity. In order to test the validity of the average model, we apply the same scenario of fig. 6 in both simulations models. Fig. 7. a and b shows respectively the instantaneous and the average model curves of diesel generator, PV, wind turbine and battery power flow. It can be seen that the two models curves are almost identical for PV and diesel generator power 3% is noticed between the two models in steady state. The wind curves delay and steady state error appear in battery power curves which has a delay in transients (Td=0.2 s) and a maximum steady state error of 5.91%. It can be seen that the average model reflects precisely the behavior of the system in transients and in steady state. Fig. 8 shows the DC bus voltage regulation, the voltages curves of both simulations are well regulated on 730V within the allowable limits. However, a notable reduction in simulation time is obtained with the average approach (6 seconds are simulated in 15 seconds). Hence, average model simulation is 11 times faster than the instantaneous one. Moreover, for higher simulations time (t>6s), we no longer encounter software blocking problems as in the case of the instantaneous model.

Fig. 9 shows losses in wind turbine rectifier in both models. It can be seen that losses are modelled in both simulations with an error of (1.3%) so, adopting the average model does not affect the modelling of losses in converters. Hence, losses reduction algorithms in microgrids can always be applied to the average model simulation. At 𝑡 = 382 𝑠, the diesel generator is disconnected since (𝑃 𝑅𝐸𝑆𝑠 ≅ 𝑃 𝑙𝑜𝑎𝑑 ) then, the RESs generated power increases and surpasses the load demand so, the surplus of power is used to recharge the battery (𝑃 𝑏𝑎𝑡𝑡 = 𝑃 𝑅𝐸𝑆𝑠 -𝑃 𝑙𝑜𝑎𝑑 ) and thus the SOC increases again. Fig. 12 shows a stable operation of the DC bus voltage during all the simulation with acceptable transient.

V. CONCLUSION

In this paper, an islanded DC microgrid configuration is modelled and simulated using MATALB/Simulink software. Two converters modelling approaches were investigated: instantaneous and average model. The instantaneous model is used as a reference to validate the effectiveness of the average model in terms of accuracy, dynamic response of the system, simulation time and computational burden. Results show that, despite its accuracy, instantaneous model cannot be applied for real power flow analysis simulation due to the limitation in real switching devices resulting in long time simulation and high computational burden. On the other hand, average converters approach brings a reduction in simulation time (ratio of 11) and computational burden by canceling high frequencies phenomena of the system (high switching frequencies of converters are omitted). However, middle and low frequencies phenomena are always modeled which keeps the accuracy of the system and makes the application of traditional primary level control strategies (MPPT, Droop Control, Current, voltage regulations, …) always valid. Consequently, average model approach is a better platform to adopt hierarchical control in DC Microgrids where, the three levels of control can be applied simultaneously in one simulation with an acceptable accuracy and an improved time simulation and model complexity.
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 3 adopt the average model of converters, "Average model" converters blocks in Simscape/Simulink are used. As a principle, the real switching devices are omitted and converters are controlled directly by duty cycles instead of firing pulses which allows to eliminate the pulse width modulation (PWM) block, increase the sampling time and so speeding up the simulation. The average model configuration of a Boost converter is shown in fig.5.a: voltage and current controlled sources are used to model the boost converter. First, the voltage of the controlled source (𝑉 𝑎 ) is computed based on the boost equations mentioned bellow: The input current 𝑖 𝑎 and the output voltage 𝑉 𝑠 are measured instantaneously in order to compute the values of the voltage and current controlled sources. From equation 1, it can be concluded that 𝑉 𝑎 = 𝑉 𝑠 . (1 -𝛼) where 𝑉 𝑎 , 𝑉 𝑠 and 𝛼 are respectively the voltage controlled source value at the input side of the converter, the output voltage of the converter and the duty cycle. In order to compute the value of the current controlled source (𝑖 𝑠 ), power equality equation is used: 𝑃 = 𝑉 𝑎 . 𝑖 𝑎 = 𝑉 𝑠 . 𝑖 𝑠 (By substituting 𝑉 𝑎 with its value we obtain : 𝑖 𝑠 = 𝑖 𝑎 . (1 -𝛼) which leads to equation (2) of the boost converter. Hence by imposing 𝑉 𝑎 & 𝑖 𝑠 , the configuration represented in fig.5 corresponds precisely to the equations of the boost. It can be seen from fig.5.a that boost components: L, C still exist with this model configuration.

  .a is simulated with both models. A voltage and a current regulation loops are realized; The input voltage is set to 𝐸 = 200𝑉, the load resistance 𝑅 = 25 Ω and the reference output voltage 𝑉 𝑠_𝑟𝑒𝑓 = 500 𝑉. A switching frequency 𝑓 𝑠𝑤 = 50 𝑘𝐻𝑧 is selected  𝑇 𝑠_𝐼𝑀 = 0.2 µ𝑠 and 𝑇 𝑠_𝐴𝑀 = 20 µ𝑠. The results are shown in fig.5. b. It can be seen that the output voltage and the input current are well regulated in both simulations and the curves of instantaneous and average converter models are typically identical in transient and in steady state which validate the average model.
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Table 1 .

 1 DC Microgrid parameters and data

	Common DC Bus rated voltage	730V
	Allowable DC bus voltage deviation	± 5%
	Power electronic switches type	IGBTs
	Switching frequency for all converters	5 KHz
	Wind turbine maximum rated power	55 Kw
	PV array maximum rated power	100.7 Kw
	Diesel Generator maximum rated power	55 Kw
	Battery rated capacity	300 Ah
	Battery rated voltage	200 V
	Simulation time	6s
	Sampling time (instantaneous model)	𝑇 𝑠_𝐼𝑀 =2 µs
	Sampling time (average model)	𝑇 𝑠_𝐴𝑀 ==200 µs

  ). At 𝑡 = 198 𝑠, SOC of the battery decreases to 30% (fig.11) hence, the diesel generator intervenes (Green line curve) to prevent battery excess discharging and generate power ( 𝑃 𝐷𝑖𝑒𝑠𝑒𝑙 = 𝑃 𝑙𝑜𝑎𝑑 -𝑃 𝑅𝐸𝑆𝑠 ) to ensure power balance in the microgrid. It is shown that during the operation of the diesel generator (198 𝑠 < 𝑡 < 382 𝑠) the battery power is set to zero which stabilizes the SOC on 30%.