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The introduction of Renewable Energy Sources (RES) and the electricity market liberalization have pointed out the need to upgrade the current electricity transmission network. High Voltage Direct Current (HVDC) transmission system is potentially the key. Recent advances in power electronics have allowed the introduction of power converters in power system applications as the Modular Multilevel Converter (MMC). In the same perspective, grid scale Energy Storage Systems (ESSs) have broadly appeared. The dual purposing to combine both systems can provide a completely new solution. Even though each submodule (SM) within modular converter can have its own ESS, decreasing the number of energy storage submodules (ES-SMs) may be required to reduce the cost. This paper deals with the opportunities to introduce split storage into an MMC. The analysis is focused on the internal energy exchange to maintain the proper function of the converter by using circulating current. Analysis shows that, SM capacitor voltage ripple or semiconductors load are greatly influenced by additional circulating current injection. This study helps to design embedded ESSs in the converter to provide new function like ancillary services for power system operation. Finally, a simulation of an MMC with ESS confirms analytical calculations.

I. INTRODUCTION

Energy policies are playing a more and more important role in the improvement of the power transmission network since states have gathered in a collective effort to develop green electricty [START_REF]Com (2011) 112 -A roadmap for moving to a competitive low carbon economy in 2050[END_REF]. A massive introduction of Renewable Energy Sources (RES) is expected in the future energy mix. Similarly, the shift from an integrated model to an unbundled model for electricity companies with the opening of the electricity market has imposed new considerations as there is no central organization responsible for the provision of the electrical energy [START_REF] Kirschen | Fundamentals of power system economics[END_REF]. Although competition is expected to benefit the whole economy, the complexity of the electricity market will inevitably require more interconnections to build a well connected area. The needs to upgrade the existing transmission system is stronger than ever.

HVDC transmission system has been receiving an increasingly interest for the supply of the electrical energy at high voltage over long distances [START_REF] Fairley | DC versus AC: The second war of currents has already begun [in my view[END_REF]. The technology has gained acceptance with the Modular Multilevel Converter (MMC) milestone [START_REF] Lesnicar | An innovative modular multilevel converter topology suitable for a wide power range[END_REF]. Thanks to its modular structure, it can easily adapt to high voltage and power levels.

The previously explained issues impose more stress on the transmission grid. Maintaining system stability is harder. Flexible mechanisms are required to cope with unforeseen outages and unpredictable demand. Energy Storage Systems (ESSs) are considered as a main enabling solution to face new challenges entailed by the ongoing transition.

In regard to the above mentioned, the association of both systems seems a promising solution. The idea to divide massive storage into smaller blocks within each submodule (SM) of a multilevel converter was initiated in [START_REF] Maharjan | A transformerless energy storage system based on a cascade multilevel PWM converter with star configuration[END_REF] in a Cascaded H-Bridge (CHB) converter. Because most of the time, multilevel converters are considered to only connect an ESS to the grid, MMC topology have been less investigated. However, the purpose to increase the attractiveness of the MMC by providing grid support in addition to power transfer function was introduced in [START_REF] Vasiladiotis | Modular Multilevel Converters with Integrated Split Battery Energy Storage[END_REF] and has since then attracted much interest both in industry and academia over the last years [START_REF] Kawakami | Development of a 500-kW modular multilevel cascade converter for battery energy storage systems[END_REF]- [START_REF] Konstantinou | A hybrid modular multilevel converter with partial embedded energy storage[END_REF].

It is generally assumed that all the SMs are connected to an ESS unit. However, the main advantage of the converter is that energy is stored in the SMs between the ac and dc grid. The internal stored energy can be freely controlled. This new degree of freedom allows to maintain the energy balance even with a not regular storage allocation by utilizing circulating currents. It is usually done at the cost of higher semiconductor load [START_REF] Henke | Balancing of modular multilevel converters with unbalanced integration of energy storage devices[END_REF]. However no information on capacitor voltage ripple, which is prevailing to determine the size of a SM, or simulation results have been provided. Currently, one of the few solutions for the enhancement of MMC converters for HVDC transmission was lately brought by [START_REF] Judge | Modular multilevel converter with partially rated energy storage with intended applications in frequency support and ancillary service provision[END_REF] where each arm comprises only a fraction of SMs with an ESS.

To a certain extent, reducing the number of energy storage submodules (ES-SMs) require to oversize components. But it is not straightforward and some configurations permit more flexibility. The main contribution of this paper is to give an analysis and a simulation model of an MMC with split ESS that can be used to design a converter with storage services. For instance, the relation between the power transfer, capacitor voltage ripple and arm currents are analysed.

The outline of this paper is as follows. Section II recalls the MMC fundamentals. This is followed by an analysis on the internal power flow of the converter. A comparison among five configurations where ESS is unevenly distributed within the converter is presented in Section III. In Section IV, analytical results are validated by simulations. Finally, Section V concludes the presented comparison. An MMC (Fig. 1) is composed of three phase legs (Subscript a,b,c), each with an upper and a lower arm (Superscript u,l). Each arm comprises a set of SMs. In this paper the most popular structure is assumed, a half-bridge cell. Each SM has two switches and a floating dc capacitor. By controlling the proportion of SMs inserted or bypassed in the respective arms, it is possible to generate a controlled staircase voltage waveform at the ac output of the converter. For preliminary considerations, arm voltage and current equations are reminded in (1), ( 2), (3), (4). Only one MMC leg is taken into account, x (x ∈ {a, b, c}), because it can be easily extended to a three-phase system by adjusting the phase shift.

II. MODULAR MULTILEVEL CONVERTER

i u x (t) = I dc 3 + I acx 2 sin(ωt -φ) + i circx (t) (1) 
i l x (t) = I dc 3 - I acx 2 sin(ωt -φ) + i circx (t) (2) 
v u x (t) = V dc 2 -V acx sin(ωt) (3) 
v l x (t) = V dc 2 + V acx sin(ωt) (4) 
Each arm conducts a dc component, I dc , equally split from the dc side and half of the ac output current, i ac (t), with I ac the maximum peak value and φ the phase shift of the grid current from the grid voltage. To perform properly, an MMC needs a power balance between the dc and ac sides but also an adequate arm energy balancing. During normal operation, the internal energy is evenly shared among all the arms. But in case of unbalance, balancing currents, the so called "circulating currents" are induced, i circx (t). Those currents allow an horizontal power transfer between phase legs and a vertical power transfer within a single leg to keep the converter balanced. They are at least comprised of a dc component, I dc circx , and an ac component at the line frequency, i ac circx (t) with ψ the phase shift of the circulating current from the grid voltage, to enable power to be transferred among arms [START_REF] Maharjan | A transformerless energy storage system based on a cascade multilevel PWM converter with star configuration[END_REF]. They have no impact on the grids and remain internal to the converter. Consequently, the sum of the circulating currents in the three phase legs is null [START_REF] Vasiladiotis | Modular Multilevel Converters with Integrated Split Battery Energy Storage[END_REF].

i circx (t) = I dc circx + I ac circx sin(ωt -ψ) (5) i circa (t) = -i circ b (t) -i circc (t) (6) 

B. Internal power flow

The ac and dc grids are coupled through arm dynamics. The arm behavior can be decomposed into two decoupled ac and dc voltage sub-systems that can be controlled independently [START_REF] Shinoda | Virtual capacitor control: Mitigation of DC voltage fluctuations in MMC-based HVDC systems[END_REF]. SM capacitors are always charged/discharged with modulated dc and ac currents. Their voltage, u u,l cx (t), which reflects the energy stored, is permanently kept close to a reference value. Because the evolution of the arm energy depends on the power exchanged, the average power into the arm equals to zero over one period. Suggesting that SM capacitors energy will not deviate. To analyse the energy variation in the arms, the instantaneous power is given by:

p u x (t) = v u x (t)i u x (t) (7) p l x (t) = v l x (t)i l x (t) (8) 
Substituting (1), ( 2), (3), ( 4) into ( 7), ( 8), the time average of the power in the arms are as follow:

p u x = V dc I dc 6 - V ac I ac cos(φ) 4 - V ac I ac circx cos(ψ) 2 (9) 
+ V dc I dc circx 6 p l x = V dc I dc 6 - V ac I ac cos(φ) 4 + V ac I ac circx cos(ψ) 2 (10) 
+ V dc I dc circx 6
The first two terms on the right side of ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF], depict the power balance between the ac and dc grids. The remaining terms represent the power exchange within the converter due to the ac and the dc component of the circulating currents.

Horizontal power transfer: The circulating current contains a dc component. It is common to each arm of an individual phase leg. So, the upper and lower arm act in the same manner by injecting (or consuming) power ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF]. Due to [START_REF] Vasiladiotis | Modular Multilevel Converters with Integrated Split Battery Energy Storage[END_REF], a power transfer between legs is feasible.

Vertical power transfer: Arm currents within a leg are in opposition of phase (1), [START_REF] Kirschen | Fundamentals of power system economics[END_REF]. By utilizing an alternating current common to a leg, [START_REF] Maharjan | A transformerless energy storage system based on a cascade multilevel PWM converter with star configuration[END_REF], a power transfer between the upper and the lower arm is possible ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF]. The optimal power transfer is done when it is phase aligned with one of the two arms. This freedom to control the dispersion of the internal energy allows unequal ESS integration. In this paper, if an MMC arm has energy ES-SMs, all their capacitors are connected to an ESS unit through a dc-dc converter, see Fig. 2. This configuration allows a full decoupling of the energy management of the ESS from the capacitor voltage and to optimize the design of the solution. In the following section, the case where all MMC modules have an ES-SM and the cases depicted in Fig. 3 will be studied. A term P u,l ESS must be added to ( 9), ( 10) for arms with ES-SMs. It stands for the additional average power provided into the SM capacitors of the respective arms by the ES-SMs. 

C. Analysis on submodule capacitor ripples

Since the arm currents are not identical with split ESS, the change in current imposes more stress on semiconductors [START_REF] Henke | Balancing of modular multilevel converters with unbalanced integration of energy storage devices[END_REF]. Similarly, the rectified current that flows across the SM toward the capacitor, i u,l smx , will change, see Fig. 2. It can be simply expressed in [START_REF] Trintis | A new modular multilevel converter with integrated energy storage[END_REF], with m u,l x (t), the sinusoidal modulation function, and M the modulation index. Note, this approach does not consider the switching contribution.

i u,l smx (t) = m u,l x (t)i u,l x (t) (11) 
m u,l x (t) = 1 2 ± M 2 sin(ωt) M = 2 V ac V dc
Similarly, this examination considers a steady state operation mode of the converter. It supposes the circulating currents are calculated in a way that it balances the direct current necessary for the power exchange. Then, a unity power factor is assumed. By substituting (1), ( 2) into [START_REF] Trintis | A new modular multilevel converter with integrated energy storage[END_REF], the evolution of the current that flows towards the SM capacitors, i u,l smx , is derived. It is composed of a dc component which equals zero in steady state without any grid disturbances. Otherwise SM capacitors energy will drift. The remaining terms are intrinsic oscillations at the line frequency and twice the line frequency. For a sake of clarity, they were simplified into two trigonometric functions [START_REF] Errigo | Optimal supercapacitor pack sizing for modular multilevel converter with integrated energy storage system[END_REF].

ĩu,l smx (t) = (a u,l 1 ) 2 + (b u,l 1 ) 2 sin ωt -arctan b u,l 1 a u,l 1 + (a u,l 2 ) 2 + (b u,l 2 ) 2 sin 2ωt -arctan b u,l 2 a u,l 2 ĩu smx (t)                            a u 1 = - I dc M 6 + I ac cos(φ) 4 - I dc circx 2 + I ac circx cos(ψ) 2 b u 1 = I ac sin(φ) 4 + I ac circx sin(ψ) 2 
a u 2 = I ac M sin(φ) 8 + I ac circx sin(ψ) 4 b u 2 = - I ac M cos(φ) 8 - I ac circx M cos(ψ) 4 (12) ĩl smx (t)                            a l 1 = I dc M 6 - I ac cos(φ) 4 + I dc circx 2 + I ac circx cos(ψ) 2 b l 1 = - I ac sin(φ) 4 + I ac circx sin(ψ) 2 
a l 2 = I ac M sin(φ) 8 - I ac circx sin(ψ) 4 b l 2 = - I ac M cos(φ) 8 + I ac circx M cos(ψ) 4 
In this paper, the assumption that all the ripples are buffered by the SM capacitor is made. Consequently, the current that flows through the SM capacitors, ĩu,l cx , is given as follows [START_REF] Konstantinou | A hybrid modular multilevel converter with partial embedded energy storage[END_REF].

ĩu,l smx (t) = ĩu,l cx (t) (13) īu,l smx = i es (t)
The values of the ac and dc currents can be calculated as a function of the ac and dc powers and considering the power flow within the converter [START_REF] Henke | Balancing of modular multilevel converters with unbalanced integration of energy storage devices[END_REF]. Then the circulating currents were deduced from ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF].

P ac = P dc + P ess (14) 
Because capacitor voltage ripple is a driving factor for determining the size of the SM capacitor, an estimation is provided by integrating [START_REF] Errigo | Optimal supercapacitor pack sizing for modular multilevel converter with integrated energy storage system[END_REF]. In Fig. 4, capacitor current and voltage waveforms are shown during normal inverter operation. The derived equation indicated that the SMs of each arm experience various voltage ripple if an uneven power distribution occurs. 

III. UNBALANCED STORAGE INTEGRATION

This section provides a comparison among five configurations, where ESS is differently assigned within the MMC, using the derived relations of Section II. The values of the circulating currents are calculated using ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF]. It investigates the impact on the arm currents and SM capacitor sizes in the arms with and without ES-SMs, see Fig. 5 and Fig. 6. A 1 GW converter is considered [START_REF] Peralta | Detailed and averaged models for a 401-level MMC-HVDC system[END_REF]. In inverter mode, the dc power is kept constant while the power injected by the ESS, P ess , varies from zero to the nominal power of the converter according to the deviation in AC power. By the same way in rectifier mode, the ac power is unchanged. A positive (reciprocally a negative) value of P ESS means the ES-SMs have to generate (reciprocally absorb) power.

A. Integrating ESS in one or two legs

Connecting ESS to one leg (orange lines) rather than to two legs (yellow lines) leads to higher peak and RMS currents in the phase with ES-SMs. No matter the operating point of the converter, the phases without ES-SMs have the same behaviour. Therefore, yellow and orange lines are mixed up. The explanation is made for one phase.

Considering phase a has ES-SMs, a power transfer between individual phase legs is required. The dc part of the circulating current is used to transfer energy, I dc circx . Because the power injected in phase a must be evenly distributed among arms, the standard legs b and c receive an equal amount of power (i.e I dc circ b = I dc circc = -I circa /2). Note those currents only cause a positive or negative dc offset depending on the legs. In rectifier mode, the phases without ES-SMs experience no change. The ac input power remains fixed and the circulating current compensates the changes in dc current from the dc bus to maintain the dc component in each individual phase leg constant. As a result, capacitor voltage ripple also does not change.

When increasing the power the ESS has to absorb in inverter mode, standard phase legs have less contribution. The dc offset leads to a zero current in these phases while all the dc current from the dc grid, I dc , must be supported by the phase with ES-SMs.

B. Integrating ESS in one side of the converter

By integrating ESSs in one side of the converter (purple line), the power transfer within each leg is done by the ac part of the circulating current, i ac circx (t). A phase shift of ψ = 180 • is assumed to maximise the power transfer without any residual reactive power ( 9), [START_REF] Soong | Evaluation of emerging modular multilevel converters for BESS applications[END_REF].

Considering an inverter mode, if the ac output rises (P ESS > 0), the ac component of the arm current increases. However, the circulating ac current is phase aligned with the top arms and in opposition with the bottom arms. Those currents tend to add each other in the upper arms and cancel them in the lower arms. If the ac power decreases (P ESS < 0), the dc current that power SMs from the dc grid is unchanged and is still equally distributed among the phase legs. But, in the lower side, the circulating current compensates the missing part of the ac current. It explains why the arms without ES-SMs expect no changes in this mode. Finally, it also decreases the RMS current in the upper side before returning to nominal value when the whole input power is absorbed. Even though capacitors voltage ripple follows a same trend, the voltage deviation is more important. A value close from zero is also observed for P ESS ≈ -0.35 p.u. It corresponds to a situation where the intrinsic oscillations of the converter and the extra oscillations induced by the circulating current erase each other in SM capacitor current, [START_REF] Errigo | Optimal supercapacitor pack sizing for modular multilevel converter with integrated energy storage system[END_REF] In rectifier mode, the lower arms have to be considered now. Roles are reversed. With increasing P dc (i.e P ESS ), the additional circulating ac current leads to a slight drop in upper arm RMS current and a decrease in capacitor voltage ripple. However, it is counterbalanced in the lower arms without ES-SMs. The additional circulating ac current is added to the existing arm ac component and so increases the resulting RMS arm current and capacitor voltage ripple magnitudes.

C. Integrating ESS in one arm

This situation is a combination of a power transfer among phase legs and between arms within the phase with ES-SMs. Both the dc and the ac part of the circulating current are needed. However, no vertical power transfer must occur in the phase legs b, c which contain no ES-SMs. By controlling the circulating current in these phases in quadrature with the respective lower and upper arm voltages, only reactive power can be transferred whilst ( 6) is still respected [START_REF] Henke | Balancing of modular multilevel converters with unbalanced integration of energy storage devices[END_REF].

Results show that this configuration increases significantly the current and voltage ripple values as in the arm with ES-SMs as in the opposite arm (black line) or the remaining legs (black dotted line) without ES-SMs. Large circulating currents are required. It is also the case where the load distribution differs the most within the converter. Fig. 8 represents the SM capacitor currents within the MMC arms when only one arm is equipped with ES-SMs. It clearly shows this disparity. To verify the previous analysis, an MMC reduced order average model with a storage function was developed in Matlab/Simulink [START_REF] Antonopoulos | On dynamics and voltage control of the modular multilevel converter[END_REF]. Each MMC arm is represented by an ideal SM with an equivalent capacitor. It is assumed that all the SM capacitors are strictly identical. Consequently, the voltage at its terminal, Σu u,l cx , is the sum of all the SM capacitor voltages. All the SMs are modelled by means of a state variable model with an ESS connected to it that behaves as a current source. This latter can be activated or not depending on the required configuration. The dc and the ac grids are modelled as ideal voltage sources.

This model allows to decouple the MMC into two ac and dc sub-systems that can be controlled independently. The low level control of the MMC, which aims to select the SMs that should be inserted to synthesize the desired arm voltage, is not taken into account [START_REF] Zama | A comparative assessment of different balancing control algorithms for modular multilevel converter (MMC)[END_REF]. Only the high level control is considered. An overview of the control scheme is depicted in Fig. 9. The control structure is based on an inner and an outer loop.

The inner loop regulates the grid currents within the converter. Considering that an MMC is a 3-phase system from the ac point of view, the regulation of the ac currents is achieved in a dq rotating frame using a Phase Lock Loop (PLL) to follow the grid voltage. While the dc current are controlled in a classical stationary frame. The outer loop helps to control the inputs of the inner layer but also the total internal energy stored, W M M C . In order to regulate the energy distribution within the converter, three different energy controllers are implemented.

Global energy management: An MMC can be seen as an energy buffer whose the energy variation is driven by the power mismatch between the dc and ac side [START_REF] Judge | Modular multilevel converter with partially rated energy storage with intended applications in frequency support and ancillary service provision[END_REF]. A controller focus on the overall energy content is needed to compensate the error before the energy level becomes unsatisfactory. Phase energy balancing control: As stated before, the internal energy stored should be well distributed among the six arms. Consequently, each leg must firstly store one third of the total energy. A controller is required to ensure adequate energy level among legs and enable horizontal power transfer.

Inter-arm energy balancing control: During one period the upper and lower arm inherently exchange energy. However, the energy deviation between the two arms must remain zero. To maintain the power balance within each individual phase leg, a second controller is necessary to allow vertical power exchange between the upper and the lower arm.

Finally, it has been chosen to regulate the desired energy level of the MMC by adjusting the ac power and let the dc power track its reference.

Because of the cascaded control structure of the converter, the inner loop must be faster than the outer loop to have enough time to converge. The different PI controllers have been designed to ensure this minimum response time and make the two loops dynamically independent. More details on the model and the control variables are available in [START_REF] Shinoda | Virtual capacitor control: Mitigation of DC voltage fluctuations in MMC-based HVDC systems[END_REF]. An additional loop was added to control the power exchanged by the ES-SMs. On the basis of a measure of the equivalent SM capacitor voltage, Σu u,l cx , plus the power mismatch between the dc and ac grids, a current reference is provided to the dc-dc converter.

Table I gives specifications of the MMC converter. Simulations results (Fig. 10) are those of an MMC with only the upper arm of phase a equipped with ES-SMs (Fig. 3(c)) in inverter mode. This configuration has been chosen to show the aptitude of the converter to achieve both vertical and horizontal power transfer. A 100 MW energy storage power is considered. During the simulations, SM voltage is properly controlled around a mean value of 1600 V as shown Fig. 10(d)(e). The converter is able to follow the change of operating point (Fig. 10(a)). At normal load condition, the converter is well balanced and no circulating current is required. As a results arm currents (and capacitor voltage ripple) are strictly identical among arms.

An example of an MMC in overload operation is shown from t = 3s to t = 6s. The converter compensates an increase of power at the ac side. During this time interval, the arm current in the upper arm in phase a, i u a , increases more than others but there is also a slight rise in the remaining legs as observed Fig. 10(b). As the overall arm currents goes up, the voltage ripple on the SM capacitors changes. The peak to peak deviation becomes more significant in the upper arm with ES-SMs, u u ca , and less restrictive in the opposite arm, u l ca (Fig. 10(d)(g)).

Then, from t = 9s to t = 12s, the converter has to absorb an excess of power via the ES-SMs. During this cycle, the RMS current in the arm with storage function drops, i u a (Fig. 10(b)(h)) just as the capacitor voltage ripple, u u ca (Fig. 10(d)(i)). It can be noted that the current in the opposite arm increases, i l a , just like the capacitor voltage ripple, u l ca . While the remaining legs keep a behavior close as in normal operation mode. In a general manner, the MMC performs as expected Fig. 5. Fig. 11 shows the comparison of the capacitor voltage obtained by the simulation in the upper arm of phase a during overload condition and the one derived analytically in the previous section. As it can be observed, the estimated waveform matches with the simulation. The previously derived analytic expressions have been validated for all the case studies. These formulae can help for designing an MMC with ESSs in a future work. 

V. CONCLUSION AND OUTLOOKS

In this paper, the integration of split storage within an MMC for ancillary services have been discussed. The concept of using circulating currents to ensure the proper energy balancing of the converter have been described. Simulation results have been presented to demonstrate its feasibility and to validate the theoretical analysis. The worst case, when only one arm of the converter is equipped with ES-SMs, has been chosen to demonstrate the feasibility.

It has been shown that RMS arm currents and capacitor voltages become the limiting factors when trying to reduce the number of SMs with ESSs. A one size fits all solution does not exist. Selecting the right configuration mainly depends on the application but above all of the power conversion system that will be implemented between the ESS unit and the SM capacitor.

However, it can be judicious to try to avoid the use of circulating current. And certainly, the concept of an arm with a fraction of SMs [START_REF] Judge | Modular multilevel converter with partially rated energy storage with intended applications in frequency support and ancillary service provision[END_REF] can be interesting. Nonetheless, it causes additional challenges such as the need of SMs with different capacitors sizes because of different energy deviations experienced.
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 8 Fig. 8. Submodule capacitor current for an MMC with ES-SMs in the upper arm of phase a of the converter and P ESS = 0.2 p.u during inverter operation

Fig. 9 .

 9 Fig. 9. General schematic diagram of the high level control scheme for a MMC with ESSs

Fig. 10 .

 10 Fig. 10. Modular Multilevel Converter with ESSs connected to the upper arm in phase A. From top to bottom : (a) Difference between the AC and DC side powers. (b) Upper arm currents. (c) Lower arm currents. (d) Upper arm SM voltages. (e) Lower arm SM voltages. (f) Zoom on lower arm currents. (g) Zoom on lower arm SM voltages (h) Zoom on upper arm currents. (i) Zoom on upper arm SM voltages

Fig. 11 .

 11 Fig. 11. Comparison of the estimation of the capacitor voltage with simulation results

) without ES-SMs -Capacitor voltage ripple

  

							Arm(s) with ES-SMs -RMS current		
			4					ESS in all the SMs		
	(p.u)	3					ESS in one leg ESS in two leg			
	Current	1 2					ESS in one side ESS in one arm		
			-1 0	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1
								P ESS (p.u)			
							Arm(s) without ES-SMs -RMS current		
			4								
	(p.u)	3								
	Current	1 2								
			-1 0	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1
								P ESS (p.u)			
						Arm(s) with ES-SMs -Capacitor voltage ripple	
	(p.u)	1.5								
	ripple		1								
	Voltage	0.5								
			-1 0	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1
								P ESS (p.u)			
						Arm(s					
	(p.u)	1.5								
	ripple		1								
	Voltage	0.5								
			-1 0	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1
								P ESS (p.u)			

ACKNOWLEDGMENT

This work was supported by a grant overseen by the French National Research Agency (ANR) as part of the "Investissements d Avenir" Program (ANE-ITE-002-01).