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INTRODUCTION

The rapid growth in global energy demand and environmental issues linked to fossil
fuels have made renewable energy sources the most viable alternative to large centralized
fossil-fuelled power plants. Recently, distributed energy sources such as photovoltaic (PV)
cells, fuel cells (FC), wind turbines, and their combinations have been increasingly used to
provide a more continuous, clean, and reliable supply of electricity [1,2].

In this context, PV power systems are quiet and require less maintenance than other
renewable sources. However, because solar irradiation is intermittent, a backup storage device
or an additional source is necessary, especially in isolated applications [1,3]. Fuel cells, such
as Solid Oxide Fuel Cells (SOFC), are highly efficient alternatives that can continuously
generate DC power as long as fuel is available, achieving around 60% efficiency—higher than
conventional batteries [4]. Adjusting the output power of the hybrid source increases the
system’s reliability and flexibility [5,6].

When operating in grid-connected mode, the hybrid source is linked to the main grid
at the Point of Common Coupling (PCC) and delivers power through a DC-AC inverter. As load
demand fluctuates, the system must properly regulate the power supplied by both the hybrid
source and the grid to meet demand [7].
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Typically, the PV-FC hybrid source operates in two control modes: Unit-Power Control
(UPC) and Feeder-Flow Control (FFC) [6]. In the FFC mode, the generated power by the
system is variable according to the local load; if there is an extra demand, the hybrid source
will handle this demand to its best and raise its generated power without the need for the grid
(if possible). In the Unified Power Converter (UPC) mode, the output power of the hybrid
system is regulated to maintain independence from the load demand, and it is adjusted to
prioritize the needs of the primary grid. In both modes, the fuel cell serves as a secondary
source, ensuring stable power delivery. The system is connected to the utility via boost DC-DC
converters and a three-phase, three-level NPC inverter.

On the other hand, Nonlinear sliding mode control is known for its natural robustness;
the selection of the gain offers more flexibility in the design; however, this task is time-
consuming, and the best response result is not always guaranteed [10]. In addition, in digital
implementation, a continuous-time sliding controller is applied only at discrete intervals,
which produces a non-ideal sliding regime and can increase chattering amplitude. Adequate
discrete-time formulation of sliding mode control can reduce this phenomenon and simplify
the implementation procedure[11].

The main objective of this paper is to propose a fixed-frequency discrete-time integral
sliding mode control optimized with the PSO algorithm (PSO-DISMC) for a three-level
neutral-point clamped voltage source inverter in a grid-connected PV-FC system to ensure
reliable power sharing and effective operation in both control modes. The paper is structured
as follows: Section Two describes the system configuration and component modeling. Section
Three presents the design and stability analysis of the proposed controller. Section Four
discusses the enhancement of the controller using PSO. Section Five explains the chosen
power management strategies. Finally, Section Six presents simulation results for the PV-FC
grid system under the proposed control technique.

System description and modeling

The schematic of the studied PV-FC hybrid generation system and its control is shown
in Figure 1. In this system, The distributed generation unit is connected to the utility grid
through two DC-DC boost converters, a three-level neutral-point clamped voltage source
inverter (NPC-VSI), and a series line inductor for harmonic reduction. A variable load is
present on the AC side. The proposed control system uses measurements from the PV array,
the load, and the grid to:

Calculate the SOFC power reference

Control the NPC inverter current using the PSO-DISMC method, which supplies the necessary
voltages to match the reference power via SVPWM.

The reference power is set based on system measurements and the selected control
mode.
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Figure 1. Structure of grid-connected PV-FC with the proposed control of the NPC inverter
Photovoltaic Array (PV)

The photovoltaic array is the main source of the hybrid system. In the single-diode
equivalent circuit, the mathematical relationship between current and voltage can be
expressed as follows[12]:

q V  L.Rg
I = NPIph_NP'IS' exp m(N_s-l-N_P) -1

Np /V LR
S
Rsh NS NP
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L = <S )-[Iph,ref
ref
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Where: I, is the photocurrent; Is: is the diode saturation current.

N.B: Parameters definitions, values, and units are provided in the Appendix.
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Solid Oxide Fuel Cell (SOFC)

Solid oxide fuel cells (SOFC) are a promising alternative to traditional renewable
sources and other fuel cell technologies, thanks to their high efficiency, low environmental
impact, and high reliability. A key advantage of SOFCs is their ability to operate at high
temperatures, making them suitable for both small and large-scale stationary power
generation. To model the SOFC, the following assumptions are considered [13]:

Nernst’s equation is applicable.
The fuel cell temperature is constant and gases are ideal.

The dynamics of the SOFC are described by the following equations[9]:

Pref
= Vie. Lrey 4)
RT  [Py,P035
= Ny.|Eg + —=In{ ———
Vre = Mo [ o 2F n( PH,0
—rl fc (5)
dls.
dt
1
= T_e [_Ifc + Iref] (6)
dq_}}lz = i _QIi-InZ
dt Ty
+ 2Kr | ] ()
Uope *¢
=—|-P
dt T iz
+i[qin 2 Kplrcl €))
K H2 rifc
H2
dp,, 1
=—|-P
dt To2 0z
b ath - 20 ©
Koz lryo
dpP 1
2= ——|~Pu,o
dt TH,0 2
o 2K ] (10)
Ku,o re
Where: P..s Reference power (Kw), Vs Operating DC voltage (V), Ir.: stack current (A)
N.B: Parameters definitions and their values and units are given in the Appendix
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DC-DC Converter

The studied PV-FC hybrid system includes two DC-DC boost converters that interface
the PV and SOFC sources to the DC bus. An average model is used for analysis [14]. For the
PV source, the incremental conductance (INC-MPPT) algorithm is applied to extract
maximum power [15]. For the SOFC source, the boost converter regulates the required fixed
DC voltage using a classic PI controller, with each converter controlled according to its source
specifications.

Grid-connected three-level NPC voltage source inverter

The inverter is a key component for the successful operation of the hybrid PV-FC power
system. Multilevel inverters are especially attractive for medium and high voltage applications,
as they can reduce high-order harmonics introduced by PWM modulation at the same
switching

frequency, which in turn reduces the size of the required output filter [16]. The model of the
three-level NPC-VSI is developed under the following assumptions:

The AC voltage is a balanced three-phase system.
The power switches are ideal.
All circuit elements are linear and time-invariant (LTI) [17].

On the AC side, its mathematical model is given by [18,19]:

R0 0

AT iq
E[l:b] =10 — 0|l
i _p |t

0 0 T
1 Vga — €q

A K (11)

Vgc — €

Where: e; (i= q, b, ¢) , Vi (i= a, b, c) are respectively the inverter voltage and the primary grid
AC voltage, and, L, R are the output filter and its internal resistance.

On The DC side, the input voltages and currents of the two capacitors are:

VCl' VC2 and: ICl' ICZ .

_ d [Vei] _ a[lea

In abalanced condition, one can put: VCl = VCZ = VC 5 ICl = ICZ = IC
In addition, the output AC active and reactive powers of the inverter are:

P,

v =V

yaiga + Vybigb
+ Vgcigc (12)
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1 . ,
Qg = E(Vgablgc + ngclga

+ Vycalgn) (13)

Where: Vyi(i=a, b, ¢) and Vyab , Vgbe , Vyea are respectively the phase-neutral and phase-to-phase
voltages of the AC bus, and, iy, i, igc: are the three-phase currents injected into the AC grid.

In the (d, q) frame, the state space model of the NPC inverter has the form[17,18]:
X(t) = AX(t) + BU(t)
+C (14)

With: X(£) = [ig,iq Vac] » U®) = [Va, Vo Iac]”

1
2 w0 0 00 L
L 1 L
A= —w —_R 0 ,B: 0 z 0 ’C= _11{9‘1
L 1 L
0 0 O 0 0 — 0

And,( Vya ,Vyq ) are the (d, q) axis components of the primary grid voltages, (Va ,Vy ): the
converter output voltages. I4 : the equivalent direct current, and isand i, : the line currents
is the rotation frequency calculated using phase-locked loop (PLL).

Ve is the dynamic DC equivalent voltage described as :

dVdc
Ceq dt

= Iqc (15)
With: C,, = C/2 is the DC-link equivalent capacitor.

Subsequently, the instantaneous (d, q) active and reactive powers delivered to the grid are
given by [18]:

3
B =5 (Vea®ia(®
+ Vig (t)iq(t)) (16)
Qe(®) =2 (~Vea®ig(®) +
Vg (Dia(t)) (17)

the reference frame is synchronized with the grid voltage, Vyq= 0,V4q= Vy, thus :

10

3
== (K 0iw®), (18)
Qy(®)
3
=2 (-%®i,®) (19
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Proposed control strategy

The proposed control strategy is based on discrete-time integral sliding mode control.
This approach is chosen for its natural robustness against fluctuations and uncertainties in
both DC sources and grid voltage, as well as its ability to eliminate the reaching phase. The
main objective is to drive the system state to the sliding surface in finite time and ensure it
remains there, using an appropriate control law so that the state trajectories follow ¢ = 0 with
controlled and stable dynamic behavior [20,21].

First, let's consider three new variables:
Xe1(t) = (idref - id)sXeZ(t) = (iqref—iq) s Xe3(t) = (Vdcref - Vdc)
Where: (igref, igres) Teference currents ,and Vg, is fixed by the system designer

The calculation of (igyef, igrer) is done by mean of power references (Py.f, Qrcr) assuming that
the grid g-axis represents the reactive component, then:

I _ 2 Pref I
dref — —3Vref ’ qref
_ —2 Qref (20)
3Vref

Now, considering that : X,(t) = [X.1(t),Xe2(t),X.3(¢)]" ; then , the state-space error
dynamics model of the system can be achieved as:

Xe(t) = A X (t) + B, U(t)
+C, (21)
, . T
Where: A, = A, B, = —B, Co = C — Aligres »igres » Vacres)

The control performance of the previous system is affected by model inaccuracies,
parameter disturbances, dead time, unbalanced input capacitors, high voltage harmonics, etc.
It is assumed that these disturbances are a bounded lumped perturbation d,(t) [21]:

|de ()] <
Dy (22)

Where : D;, denotes a known positive constant.

Then, the system in eq.(21) becomes :

Xe(t) = AcX(t) + B.U(L)
+ D (8) (23)

With: D,(t) = C, + d,(t)

Finally, The discrete-time state-space error dynamics model of the system in eq.(23) with
disturbance, will be obtained through the state transition matrix and the sampling at small
time intervals T:
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Xe(k +1) = AegXe (k) + BegU(k) +
Dog (24)
Where: 4,4, B.q and D, are discrete-time system matrices, given by :
Aeq = €4T, Bog = [, 4" Bodt ,Dog = [ €A™ D (KT + (T — 1))dr
Next, The adopted sliding manifold is chosen to have both proportional and integral actions;
In discrete time, it is given by:

a(k) = KpX(k) + KT X520 X () k =
0,1,2 ... (25)

With: Kp , K; are the parameters matrices.

The adequate choice of (K; , K;) guarantees that the system is in the sliding manifold, defined
by:

o(k+1) =KpX(k+ 1) + KT IS X() =

0 (26)

Therefore:

ok +1) =K,(X.(k+1) — X, (k) + K;TX. (k) +

o (k) 27)

Solving the previous equation, we can verify that:

Xe(k+1)

= (I-Kp ' K;T) X (k) (28)

Eq.(28) describes the system dynamics on the switching manifold, where the system state
depends only on the controller’s parameter choice.

Hence, the proposed controller has the following form:
U(k) = Ueq(k) +
Uni (k) (29)

With: U,, (k) is the discrete-time equivalent control which is obtained by replacing U (k) by
Ueq(k) in the sliding manifold (o(k + 1) = 0), and Uy, (k) is the nonlinear control.

To calculate the equivalent control U, (k), consider first eq.(25) recurrence:

Xe(k) = AedXe(k -+ BedU(k -1+
Deq (30)

Then, in the eq.(27), replacing X, (k) and X,(k + 1) by eq. (30) and eq.(24) , one can obtain:

olk+1)
= [Ky(Aeq — D + KiT|[AeaX(k — 1) + BogUpq(k — 1) + Dog| + KpDeg + KpBeqUeq (k)
+ a(k) (31D

Finally, Replacing eq.(31) in eq.(26), therefore, control vector U, (k) is:
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Ueq (k)
-1
= —(K,Bea) [[KP(Aed — D+ K;T|[AeaX(k — 1) + BoqUeq(k — 1) + Dog| + K, Deg
+ (k)| (32)

Consequently, applying U,,(k), the state vector starting from un initial point x, can
theoretically reach the sliding manifold in one sampling time.

For practical consideration, the equivalent control is limited to:
UMin < ”Ueq(k)” < UMax (33)
with : Uyin , Uyexare fixed limitation values.

In addition, to reduce the reaching time and enhance the robustness of the SMC,
nonlinear control Uy, (k) must be added; In our case, the signum function is replaced by the
saturation function:

-1
Unp(k) = —(KpBey)  Eeq-sat(o(k)) (34)
Where: E,; is a matrix with constant non-negative elements.

k) .
And: sat(a(k)) = Z:,,i,)l if —Uyin <0(k) < Uyin

sign(a(k)) else

Hence, the proposed DISMC is defined by eq.(32) and eq.(34).

The obtained (V4 (k), V, (k)) voltages can be, then, modulated directly using SVPWM technique,
which simplifies the practical implementation of the proposed controller.

Stability Analysis of the DISMC

In the case of discrete-time systems, the Lyapunov necessary and sufficient condition
assuring both sliding motion and convergence onto the sliding manifold o is[20,22]:

lo(k + DIl < lla(k)l (35)
From eq.(31), |lo(k + 1)]| is:

llo(k + DI
= ||[Kp(Aea — D) + KiT][AeaX(k — 1) + BoqUeq(k — 1) + Deg| + KpDeg + KpBeqUeq (k)
+ (0| (36)

Using the Minkowski inequality in eq.(36):

otk + DIl < ||[Kp(Aea — D) + KiT|[AeaX(k — 1) + BoqUeq(k — 1) + Dog| + KpDey||
+ [|KpBeaUeq (|| + llo GO

Furthermore, using Holder's inequality, then:

otk + DIl < ||[Kp(Aea — D) + KiT]|[AeaX(k — 1) + BoqUeq(k — 1) + Dog| + KpDey||
+ [[KpBal|-[|Ueq ()| + llo GO I
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Therefore, the condition in eq.(35) is always satisfied if:
|[Kp(Aea — D + KiT][AeaX (k — 1) + BegUeq(k — 1) + Deg| + KpDea || + || Ky Bal|- || Ueq (K)|| > ©
Thus :
1KpBall- [Ueq G|
> —||[Kp(Aea — D + K;T|[AeaX(k — 1) + BegUpq(k — 1) + Doy
+ K, Deql| (37)
Hence, choosing;:
|K,Ba|| > 0 and ||Ug, (K| >
0 (38)
which is practically verified Will satisfy stability condition in eq.(35).

Consequently, by choosing the adequate parameters (K, , K;matrices ), the stability condition
is verified and ||o(k + 1)|| will decrease monotonically to o.

Selection of the DISMC gains using PSO

To calculate the optimized controller gains , let first consider the search space : ® = Rn
and the objective function f: @ -/ R , the swarm is defined as a group: S =
Xy, X ) X}

The objective is to move each particle (7) of N defined by its couple : position and velocity
(x;(t.), v;(t.) ) at each iteration (t.) based on the objective function f [23,24].

The individual work of the particle consists of memorizing its solution (p;), defined as :

pi(te) =
argmin f; (t,) (39)

To simulate collective behavior, all the individual solutions are put into memory with :
Xij(te + 1) = X;j(te) +vij(te +1),i=12,..,N ; j=12,..,n
v;j(te +1) = w-v;;(te)

+ Rp - Yp(Pij(te) — Xij(te))Ry - ¥g(Py(te) — Xij(te)) (40)
Where : Rp and R, are random variables uniformly distributed in [0, 1].
And :@, wpr, wgare called inertia, cognitive, and social weighting factors, usually :
o<tand ypr+ yg=4.
Next , the best general solution F,visited by all the particles, is :
pg(te)
= argmin f; (p;(t.)) (41)

and, the next iteration will be [23,24] :
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pi(te + 1)
xi(te +1) if f (xi(te + 1)) < pi(te)
{ P;(t.) else

(42)

Choice of the search space and the objective function

The PSO is done offline in the search space to obtain the optimal gain matrices noted
(Kpo, Kio). The chosen search space @is given by:

P : Kp €]0 Iymax] 5 Ki €
]0 IiMax] (4‘3)

Where: (Ipyax limax) are the gains of which ||Uq (k)| = Upqy » starting the search from the
gains Kpno and Kino , where, the gains Kpyo and Kino are obtained through the trial-error tests
series (best effort).

The choice of the test duration noted Tis: determines the number of iterations (n);
Here, Tis: is obtained using the non-optimized response (with Kpyo and Kivo )that contains
both transient state and steady-state information, thus :

Ttest = 5T (44)
where: 1 is the response time obtained with Kpno and Kino

Next, the chosen objective function fto be minimized is the norm of the quadratic error
(eq) between the generated power by the PV-FC at the inverter and the power reference during
the test time Ties:; this choice reflects the accumulated error in the control as an indicator to
judge the performance of controller, thus :

f =
norm (E;) (45)

With: E, is the vector that contains all the quadratic errors e, (t.)

{ eq(te) = (Pres — Piny(te))? (46)

Pinv(te) = PPV(te) + PSOFC(te)

Power management

To demonstrate the effectiveness of the proposed PSO-DISMC strategy, the following
power management strategy is adopted:

Reference active and reactive powers are generated by the system using both of its two sources

The PV system acts as the primary source, while the SOFC operates as a secondary source to
ensure smooth and reliable power delivery to the load and the grid, even during poor weather
conditions or at night.

The system operates in both Unit-Power Control (UPC) and Feeder-Flow Control (FFC)
modes, depending on the local load and grid demand.
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In both modes, If the local load demand is less than the reference power generated by the PV-
FC system, the excess is injected into the grid. Otherwise, the grid supplies the additional
power required to meet the load demand.

Simulation results are presented in the next section.
Simulation results

To validate the proposed PSO-DISMC controller, the overall grid-connected PV-FC hybrid
system is simulated in MATLAB/Simulink for both operating modes. The controller and
system parameters are provided in the Appendix. For comparison, the PV-FC system is re-
simulated under the same conditions using both the non-optimized and the PSO-DISMC
controller, with identical test durations. The objective is to demonstrate the effectiveness of
the proposed controller in power management. For this purpose, a PV-SOFC system is
considered :

Ppymax = 100 KW, Psopemax = S0 KW
The system components as well as the controller parameters are given in the Appendix
In addition, The following standard parameters are considered for the PSO Algorithm:

N=20, ®=0.5, wp = g =2 , and, Variable temperature and irradiance conditions, are
considered, as shown in Fig. 2,

2 temperature condition profile 1000 irradiance condition profile
A [ x H 7
F it i i
il i it i 4!
ii : 980 - i i
38 i.d P4 P i i A
! & i Pd it I
[ i ] 960 R iy 7
i i i [ i F
36 FE i Lo i \ HE i i
H i i HE 940 i \ i j i
H i 1 i i e T { i i f !
g [ ST E oo P [
! H 1 i i = \ i i H
=3 i ll i ',' = 920 \‘ ! N ] ‘| ! y,
2 i i R (Y - \ ! . | i i i
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g, b i i ; T < \ i v i / A
a 7 i [ [ 5 880 b i L i i ey
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26 800
0 0.5 1 15 2 25 3 0 05 1 15 2 25 3
time (s) time (s)
(a) (b)

Figure 2. Temperature and Irradiance conditions: (a) Temperature, (b) Irradiance

Feeder Flow Control (FFC) mode

In this case, the SOFC and PV-generated powers will vary to ensure local demand.
During the test, the following local load step reference variations are supposed to be:

100 KW t< 1s
Pioaarer =150 KW 1< 1st<2s ,Qoaarer = 1KVar
200 KW 2 < 1st<3s

The main simulation results are shown in the following figures:
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hydrogen and oxygen flow output currents of the PV and the SOFC
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Figure 3. DC side results of the FFC mode under PSO-DISMC: (a) H2 and O2 input flows of the
SOFC, (b) Output currents, (¢) Output voltages, (d) NPC inverter input capacitors voltages.
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From Fig. 3.a, the initial value of the hydrogen flow qH2 is 0.274 (mol/s), . This value
matches the theoretical value in the SOFC model when the initial current is set to 100 A. The
oxygen flow is obtained by dividing the hydrogen flow by the hydrogen-to-oxygen ratio. In the
model, this ratio is set to 1.145, so the initial oxygen flow rate is 0.239 mol/s.

The output power of the SOFC (see Fig. 3.b and Fig. 3.c) depends on the PV output
power. Under unfavorable atmospheric conditions, both the voltage and current of the SOFC
increase. This compensates for the drop in PV power and ensures the power objective is met
according to the load (see t<1s t<2s in Fig. 5.a). If both the PV and SOFC reach their maximum
output, the system maintains its production level, and the grid supplies any remaining power
needed by the load (t=1s and t>2s in Fig. 5.a). Decoupled control of reactive power is also
achieved, and the hybrid system meets the load requirement Q ;54 or = 1 KVar (Fig. 5.b).

Throughout the loading conditions, the two input capacitors of the NPC inverter
remain close to 450 V (Fig. 3.d). This is accomplished by using PI and INC-MPPT controls for
the boost converters.

With PSO-DISMC, the PV-FC system meets the load requirements through the three-
level NPC inverter (Fig. 4.a). The controller uses current information to generate and adjust
the reference control voltages in the (d, q) frame at each time step. These voltages are
modulated using SVPWM, resulting in a three-level output voltage with low THD (3.45%) and
balanced currents (Fig. 4.c and Fig. 4.d). The proposed strategy is robust against DC input
voltage fluctuations, weather changes, and local AC load variations.

Unit-power control (UPC) mode

In this mode, the required grid active power is prioritized as a reference; for this, the
following step variations are supposed :

Pgrid ref = 50KwW Qgrid ref = 1KVar
However, a local load is considered as follows:

p ={1OOKW t<1s 0
toad = 1150 KW t > 2s ’ < load

The PV-FC system operates under the same weather conditions (Fig. 2).

=0

The following figures give the main obtained results:
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Figure 6. DC side results of the UPC mode under PSO-DISMC: (a) H2and O2 input flows of the
SOFC, (b) Output currents, (c) Output voltages, (d) NPC inverter input capacitors voltages.
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Figure 7. AC side results of the UPC mode under PSO-DISMC: (a) NPC inverter output simple
voltage, (b) FFT spectrum of the L filtered voltage, (c) Load currents, (d) Grid currents
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From the results, it can be seen that the output voltage and current of the SOFC depend
on the PV array's output power (Fig. 6). In unfavorable atmospheric conditions, the SOFC
increases its output to compensate for the drop in PV power production.

For : t<1s, (Fig. 8.a), even when the load power is 100 kW, the system generates about 150
kW. This achieves the objective of fixed UPC power. For : t>1s, due to the rising local load,
the system maintains its production level, the primary grid supplies the remaining power
needed by the load.

The reactive power reference is also controlled independently of the load. It is set to
zero, and the system guarantees the grid reactive power (Q= -1Kvar in Fig. 8.b)

Each input capacitor of the three-level NPC inverter equals half of the DC bus voltage
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(Fig. 7.a). Using SVPWM with PSO-DISMC further enhances the output AC voltage quality
(THD = 3.13%) (Fig. 7.b).

The steady-state error between the NPC inverter’s output power and the required
power reference is nearly zero (see Fig. 8.a, zoomed view). This validates the controller’s
performance, despite some response delay from the SOFC time constant. The proposed
control’s robustness is further confirmed by its ability to handle capacitor voltage fluctuations
and local AC load variations.

Conclusion

This work introduced a PSO-optimized discrete-time integral sliding mode control
(DISMC) for a three-level NPC inverter, applied to the control and power management of a
grid-connected PV-FC distributed power generation system. Simulation results for both Unit-
Power Control (UPC) and Feeder-Flow Control (FFC) modes confirms that the PSO-DISMC
achieves effective, decoupled transfer of active and reactive power between the PV, FC, local
load, and the grid, while ensuring good quality of current and voltage. The proposed controller
is formulated in the (d, q) frame, with discrete voltage references modulated by SVPWM. The
use of the PSO technique enhances the stability and robustness of the sliding mode control as
shown by better system performance under variable weather and load conditions, and
improved transient response. DC voltage stability is maintained by localized control of each
DC source.
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Appendix
Parameters of the (SOFC) PI Controller : k, =0.001, ki=0.15
Parameters of the PSO-DISMC Controller :

mode FFC
057 0 0 7.7 - 103 0 0
Kep=| 0 057 0|,Kp= 0 7.7 -103 0
0 0 24 0 0 3.9-103
mode UPC
0.65 0 0 7.9 -103 0 0
Kpo=| 0 065 0 |, Ko = 0 7.9-103 0
0 0 234 0 0 3.2-103
Table 1. Parameters of the Grid
Parameter symbol Value Unit
Equivalent Input capacitor Ceq 6.1073 F
Grid resistance and inductance Ry L, 0.012 6.10 Q. H
Table 2. Parameters of the (DC-DC) Boost converters
Parameter symbol Value Unit
inductance r., L 0.01,5.1073 O H
Capacitor rc,C 0.01 5.1073 QF
Switching frequency fs 5.4 Khz
Table 3. Parameters of the three-level NPC Inverter
Parameter symbol Value Unit
Rated power Pinvn 2 kw
Output filter L¢ 4 .10-3 H
Switching frequency fs 5.4 Khz
Line-Line Voltage amplitude Vi 400 VRms
Line-Neutral Voltage ampl Vixn 230 VRms
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Table 4. Parameters of the PV array (25°C)

Parameter symbol Value Unit
Numbers of the series modules Ns 5
Numbers of the parallel modules Np 66
Numbers of the cells per module n 96
Open circuit voltage Voc 64.2 \Y%
Short-circuit current Isc 5.96 A
Voltage at maximum power point Vmp 54.7 \%
Current at maximum power point Imp 5.58 A
Photo-current Iph 5.96 A
Diode saturation current Isat Isat 5.26 .10-9 A
Parallel resistance Rp 820 (@)
Series resistance Rs 0.083 Q
Table 5. Parameters of the SOFC
Parameter symbol Value Unit
Standard reversible cell potential Eo 1.18 \%
Number of cells in stack 450
fuel ratio Max Min Optimum Umax, Umin 0.9,0.8,0.85
Uopt
Value molar constant KH2 KO2 0.84,0.82,2.52 mol/(s atm)
H2, 02, H20 KH20
Response time H2 , 02, H20 tH2 102 tH20 26,78, 2.5
Electric response time Te 0.6
Fuel processor response time Tf 0.03
Ratio of hydrogen to oxygen rHO 1.145
Ohmic loss 0.126 Q
Faraday's constant 96487 C/mol
Universal gas constant 8314 J/ (Kmol K)
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