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Abstract- Fuel cell system is a promising alternate way of power generation from clean, green fuel such as Hydrogen with 
almost zero emissions. It can be a primary power or an aiding power to the grid during instability. Grid connected fuel cell 
systems experience double line frequency ripples from the inverters which affect the life of fuel cells. The current ripples are to 
be limited within 15% for safe operation of the fuel cells. This paper presents design of a dual active bridge DC-DC converter 
to step up the low voltage DC output from fuel cell to a high voltage DC with galvanic isolation and a PLL based grid 
synchronized single phase PWM inverter with dq reference frame grid current control suitable for fuel cell systems. Extended 
Symmetrical Optimum method is used for optimal tuning of the PI controllers. An LCL filter is designed for effective ripple 
attenuation in the grid current with active damping of the resonance in the region of stability. MATLAB/Simulink® is used for 
the design and is verified with a 1kW Horizon PEM fuel cell system. The power is exported to the grid with measured THDi of 
1.7% in the grid current with reactive power injection by simple phase shift modulation control. The maximum overall system 
efficiency is measured to be 85%. 

Keywords Hydrogen energy, fuel cells, dual active bridge, grid connected inverters, LCL filter. 

 

1. Introduction 

Green power is an alternate to the fossil power to 
mitigate the global warming with almost zero GHG 
emissions [1]. In distributed generation systems, the grid 
connected renewable energy systems affect the stability of 
the grid as they are intermittent and fluctuating in nature [2]. 
In such cases, the hydrogen gas being a green fuel can be 
used as a storage medium by electrolysis with the excess 
renewable power from solar PV and wind. The fuel cell 
power generation systems can aid the grid during instability 
from the stored hydrogen gas. The fuel cells are highly 
efficient, less noisy and requires low maintenance with zero 
emissions [3]. Fuel cells produce low voltage DC power 
outputs, hence power converters namely DC-DC and DC-AC 
converters are to be connected for boosting the fuel cell 
output voltage and to convert the boosted voltage to AC to 
integrate with grid respectively. These power converters 
inevitably introduce ripples into the fuel cell systems. The 
inverters in specific introduce double line frequency ripples 
into the fuel cell. The current ripples in the fuel cell have to 
be limited within 15% for safe operation of the fuel cells [4]. 

The current ripples in addition to affecting the life of the fuel 
cells, they also affect the consumption of the fuel and the 
fuel cell capacity [5-6]. These current ripples may result in 
nuisance tripping due to overload conditions and the fuel 
cells are overrated around 17% than their nominal power 
handling requirement to handle such situation [7]. There are 
various topologies proposed in previous studies [8-12] for 
DC-DC converters with and without galvanic isolation. A 
non isolated four phase interleaved boost converter has been 
investigated for different renewable power applications with 
a low DC voltage conversion ratio [13]. In a previous study 
[14], a three phase three level inverter has reported with 
2.41% THDi with a PV system. The grid connected PV 
inverters has been reported with a maximum efficiency of 
97%-98%, which are typically designed for a high DC input 
range of 350V-750V with single stage conversion from DC 
to AC [15]. In high power applications and in fuel cell power 
conversion systems, where the voltage conversion ratio is 
much higher, non-isolated topologies are to be avoided for 
safe operation. Among the isolated converters push pull 
converters and half bridge converters have the problems of 
identical center tap windings in the transformer and higher 
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rating of switching devices due to the high stress levels 
respectively [9].  

This paper presents the design of a single phase grid 
connected fuel cell power generation system consisting of an 
isolated Dual Active Bridge DC-DC converter and PWM 
inverter with grid current controlled LCL filter under 
synchronous reference frame control scheme. The section 2 
describes the overall system components with control 
techniques. In section 3, modeling and design of DAB, single 
phase inverter with LCL filter are described. Section 4 
presents the design of PI controller for PLL based grid 
synchronization. To validate the proposed system, the 
experimental results are reported and discussed in section 5. 

2. System Configuration 

The dual active bridge (DAB) converter topology is 
considered in the proposed system for low voltage DC 
boosting, as it has the desired features like high power 
density, higher efficiency, and inherent Zero Voltage 
Switching (ZVS) capability with galvanic isolation [8]. The 
basic structure of DAB consists of an input bridge, a high 
frequency transformer with an external leakage inductance 
and an output bridge as shown in Fig. 1. The input bridge 
converts the low voltage DC from the fuel cell to a high 
frequency square wave AC, the high frequency transformer 
steps up this low voltage AC to a high voltage square wave 
AC, and the output bridge converts this high voltage AC to 
high voltage DC. The power transfer through DAB can be 
easily controlled by simple phase shift modulation technique 
by controlling the phase difference (ϕ) between the gate 
signals of the input and output bridges. The power is 
transferred from the bridge with leading gate signals to the 
bridge with lagging gate signals. The high frequency 
transformer, a part of DAB is designed for low load 
operating voltages where the voltage conversion ratio (d) 
referred to the primary becomes a function of input voltage 
(vFC) from the fuel cell which varies dynamically. 

The phase shift (ϕ) is modulated according to the 
required power transfer and the input voltage level (vFC) 
within the ZVS boundaries for soft switching of the switches 
to minimize the switching losses [8]. As a preliminary design 
the DAB is controlled in open loop mode by phase shift 
modulation. 

A single phase unipolar PWM inverter is connected to 
the DAB to convert the high voltage DC output to an AC 
signal. An LCL filter is designed as the line filter to attenuate 
the ripples at the grid side. For grid tied inverters LCL filters 
are advantageous over L filters due to their higher ripple 
attenuation factor [16]. The resonance nature of LCL filters 
must be carefully considered during the designing and 
controlling of the system for stable operation. The line 
current control is employed which is difficult as it is a time 
varying signal. If a PI controller in stationary reference frame 
is used it will be resulting with a finite steady state error. In 
previous studies, several other stationary frame control 
techniques such as hysteresis [17], deadbeat [18], predictive 
[19], repetitive [20] and PR control [21] have been proposed 
to ensure zero the steady state error. Although the PR 

controller is becoming more popular due to its simple 
structure and infinite gain at the desired frequency, it needs a 
very high gain at resonant frequency to have a small steady 
state error. This high gain increases the oscillations at the 
transient time and may lead to instability if the line 
frequency exceeds the cut off frequency. Hence the design 
and digital implementation of PR controller becomes more 
difficult. On the other hand, current control using 
synchronous reference (dq) frame transforms the time 
varying physical signals from stationary (αβ) frame to a 
rotational frame, where the AC components become DC and 
a standard infinite gain PI controller with zero steady state 
error can be implemented [22-23]. A Park based PLL is used 
for grid synchronization to extract the grid parameters such 
as voltage ( sV̂ ) and frequency ( sω ). An extended SO 
method [24] is used to find the controller parameters for 
stable operation of the system. The reduction in grid current 
ripples reduces the ripples at the fuel cell system. The 
synchronous reference frame control has enabled the active 
and reactive power control independently by controlling 
respective current components id(t) and iq(t). The injection of 
the reactive power has significantly reduced the grid current 
ripples. 

The proposed galvanic-isolated 1kW single phase grid 
tied fuel cell power generation system is exhibited in Fig. 1. 
It consists of a 48 cell 1kW PEM fuel cell, 1kW DAB 
converter, 1.5kVA single phase PWM inverter with an LCL 
filter. A 99.995% pure hydrogen with a constant pressure of 
0.45-0.55 bar is supplied to the system. The no load voltage 
of the fuel cell system is 45.6V with a maximum power of 
1008W at 28.8V, 35A. The fuel cell is connected to DAB to 
step up its low voltage output to a high voltage which is at 
least 2 times the RMS value of required AC voltage. An 
input capacitor Ci is connected at the output of the Fuel Cell 
before the input bridge, which filters the current ripples from 
being injected into the fuel cell system due to high frequency 
switching. The gate signals at 20 kHz switching frequency 
are given to the power switches of the input and output 
bridges of DAB with a phase shift (ϕ) for required power 
export from the fuel cell to the grid. This generates a 20 kHz 
low voltage square wave AC signal at the primary and high 
voltage square wave AC signal at the secondary of the high 
frequency transformer. The high voltage square wave AC 
signal is further converted to a high voltage DC by the output 
bridge of the DAB. The dynamic nature of the fuel cell is 
considered in the design of high frequency transformer to 
give 400 V for the fuel cell voltage of 38V. This 400V high 
voltage DC is converted to a single phase 230V, 50 Hz AC 
by an unipolar PWM inverter and synchronized to the grid 
with Park based PLL. An LCL is designed for higher ripple 
attenuation at the grid side current. An unbalanced dq 
reference frame grid current control which is equivalent to an 
ideal PR controller [22] is employed with LCL filter for zero 
steady state error. 

3. System Design 
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This section presents the design considerations of 1kW 
fuel cell power generation system comprising of DAB and 

PWM inverter with LCL filter. 

 

Fig. 1. Fuel cell power generation system. 

3.1. Dual Active Bridge 

The DAB as depicted in Fig. 1 consists of LV bridge, high 
frequency transformer and HV bridge for DC voltage 
boosting. The details of the DAB converter are as given in 
the Table 1. The voltage and current in the primary and 
secondary windings of the transformer are as shown in Fig. 2 
for the primary referred voltage transfer ratio d<1. The 
power transfer by the DAB from the fuel cell to the inverter 
is derived from Fig. 2 and is given by the Eq. (1) [8]. 

where VFC is the fuel cell’s DC output voltage, ϕ is the 
phase difference between the bridge switching signals, d is 
the voltage transfer ratio referred to the primary, Lk is the 
required leakage inductance of the transformer for power 
transfer and ω  is the switching frequency. 

The DAB is designed to handle 1kW power and the 
switching frequency is considered to be fsw=20kHz. To 
design the transformer and the leakage inductor the design 
procedures given in [25] are followed.		

3.1.1. Design of high frequency transformer	

The dynamic nature of the fuel cell varies its voltage as 
the current as shown in Fig. 4. This makes the primary 
referred voltage transfer ratio d as a function of the fuel cell 
voltage vFC as d = v’dc/vFC, where v’dc is the primary referred 
DAB output voltage. The value of d is taken as 1 at light 
loads for the design of high frequency transformer so that 
when the load increases the value of d increases within the 
limited ZVS boundaries as shown in Fig. 3. 

 

Fig. 2. DAB voltage and current waveforms for d <1. 

 

Fig. 3. Zero Voltage Switching boundaries. 
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Table 1. System Parameters 

System Parameters Values 

Fuel Cell 

No. of cells in the PEM fuel cell 48 
No load voltage of fuel cell, vFC  (V) 45.6 
Maximum output power from fuel cell (W) 1008 
Maximum power point (V/A) 28.8 / 35 

Dual Active Bridge 

Power capability (W) 1000 
Switching frequency, fsw (kHz) 20 
Transformer turns ratio 1:n 1:10.6 
Leakage inductance, Lk (mH) 89 
DC link voltage, Vdc (V) 400 
DC link capacitance, Cdc (µF) 1100 

Single phase inverter 

RMS Line voltage, vs (V) 230 
Line frequency, fs (Hz) 50 
Switching frequency, fswi (kHz) 10 
Apparent power, Sn (kVA) 1.5 
PWM technique Unipolar 

LCL filter 

Grid side inductance, Ls (mH) 0.35 
Inverter side inductance, Lc (mH) 3.4 
Filter capacitance, Cf  (µF) 2.25 
Resonance frequency, fr (kHz) 6 

PI controller – current loop Proportional gain, Kpi 0.793 
Integral gain, Kii 0.0991 

PI controller – voltage loop 
Proportional gain, Kpv 11.6238 
Integral gain, Kiv 0.0978 

 

In this design the d=1 is considered at the fuel cell 
voltage of vFC =38V. Hence the value of d typically varies 
from 1-1.26 for the voltage (vFC) variation of 38V-30V. The 
output voltage of the transformer is considered as 400V 
which is needed for the further AC conversion by the 
inverter, which gives the turns ratio as 1:10.6 at d=1. The 
primary RMS current of 40.2A is taken from the MATLAB 
simulation results for the design which results with 3.82 A as 
the secondary current for the given turns ratio. An N87 is 
considered as magnetic core material with a maximum 
allowable flux density of 180mT to avoid the saturation. The 
core geometry of two E65 cores has met the electrical design 
specifications of the transformer, hence two E65 cores are 
stacked together to construct the transformer. The primary of 
the transformer is wound with 5 turns of 5 x AWG 12 served 
Litz wires. The secondary of the transformer is wound with 
53 turns of 2 x AWG 20 served Litz wires. Litz wires are 
used to minimize the losses due to skin effect and the 
primary and secondary winding terminals are properly 
terminated. 

3.1.2. Design of leakage inductor 

The value of leakage inductance Lk is calculated for the 
maximum power transfer with the maximum allowable phase 
shift for ZVS operation in the range of d. The leakage 
inductor is designed for the secondary side connection of the 

transformer due to low current handling requirement. The 
value of the leakage inductance is calculated as 89mH for a 
voltage of 420V, phase shift of 60˚ and a maximum power of 
1100W. A little higher voltage (5%) and power (10%) are 
considered in the design for safety reasons. An N87 material 
is chosen for the core and an allowable flux density of 
290mT is considered for the design to avoid the magnetic 
saturation. The core geometry of ETD49 core has met the 
electrical design specifications of the required leakage 
inductor. Hence the inductor is constructed with 118 turns of 
served Litz wires of 2 x AWG 20 on ETD49 core.   

 

Fig. 4. Fuel cell polarization curve with ‘d’ variation [3] 

3.2. Single Phase Inverter 
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A single phase grid synchronized PWM inverter is 
designed to convert the DC output of the DAB to an AC as 
shown in Fig. 1. An LCL filter is designed as the line filter to 
reduce the ripples with higher attenuation.  An unbalanced dq 
reference frame current control is employed with an LCL 
filter for zero steady state error.  The inverter system in 
physical axis [22] is represented as given by the Eq. 2(a) - 
Eq. 2(d). 

)().()()( titmti
dt
tdvC cao

dc
dc −=  (2(a)) 

)()().()(.)( tvtvtmtiR
dt
tdiL cfdcacc

c
c −=+  (2(b)) 

where ma(t) is the modulating signal, Cdc and vdc are the 
DC link capacitor and its voltage, io(t),ic(t) and is(t) are the 
output dc current from DAB, inverter and grid side currents 
respectively. Lc, Rc and Ls, Rs are the inverter and grid side 
inductances with their respective winding resistances (Rc and 
Rs are not shown in Fig. 1 for simplicity). The voltage across 
the filter capacitor Cf is denoted by vcf.  

The inverter system can be represented in dq reference 
frame by applying Park’s transformation in dq axis as shown 
in Fig. 1 and inverse Park’s transformation to get iα(t). The β 
axis current iβ(t) is obtained by phase delaying the measured 
line current iα(t) by π/2. The value of real power transfer and 
reactive power injection decides the value of reference 
currents id,ref(t) and iq,ref(t) of the control circuit respectively. 
The line voltage magnitude and phase angle ωst are extracted 
using Park based PLL from the line to generate reference 
signal vα,ref  for grid synchronization. An unipolar PWM 
signals are generated at fswi=10 kHz to have the equivalent 
switching frequency of 20 kHz. The unipolar PWM has 
lower harmonics and the power switches experience half the 
voltage stress than the bipolar PWM.  

3.3. LCL Filter 

The LCL filters have higher ripple attenuation factor than 
L filters which makes them more suitable for grid connected 
inverters [26]. The stability of system with LCL filters is 
affected due to their inherent resonance nature. The LCL 
filter should be carefully designed and controlled for stable 
operation of the system. The transfer function of LCL filter 
for grid current to inverter side voltage is as given in Eq. (3). 

To design the LCL filter, it is approximated as L 
(=Lc+Ls) filter as in Eq. (4) by neglecting the filter 
capacitance Cf as it behaves similar to L filter till resonance 
frequency. The Bode plot of LCL filter is shown in Fig. 5. 

The design of LCL filter depends on the required level of 
ripple attenuation, switching frequency, applied PWM 
technique and the reactive power requirement [27]. The 
inverter system design specifications are as listed in Table 1. 
The LCL system parameters are calculated [26] by choosing 
the switching frequency fswi as 10 kHz, the resonance 
frequency fr as 6 kHz within the stability region [28], the 
maximum allowable current ripples at inverter side as 16% 
and the percentage of reactive power absorption as 2.5%. 
The values of inverter side inductance Lc, grid side 
inductance Ls and filter capacitance Cf are as listed in the 
Table 1. The inductance in total must be < 0.1 p.u to reduce 
the AC voltage drop in the inductors [27] 

To construct the inductors, proper magnetic core, wire 
size and number of turns are chosen as per calculated values 
of inductors Lc and Ls. The current factor ki, window 
utilization factor ku and temperature rise ΔT are chosen 
accordingly. The area product Ap of the required cores for Lc 
and Ls helps in the selection of the core sizes. The maximum  

 
Fig.  5. Bode diagram LCL filter. 

flux density Bmax is considered within the saturation flux 
density Bsat of the core material and is selected to be 0.35 T 
[29]. The converter side inductor Lc was constructed from a 
T300-26 iron powder core stacked together with a T300-26D, 
with 120 turns of a 1.9mm diameter enameled copper wire. 
The grid side inductor Ls was wound with 46 turns using 
enameled copper wire of 1.7 mm diameter on a T184-26 iron 
powder core. 

4. Design of PI Controller 

An extended Symmetrical Optimum (SO) method [24] is 
used to find the PI controller parameters for grid side current 
control. The approximated LCL filter as L filter by neglecting 
Cf ease the design of PI controller. In digital control systems, 
time delay is inevitable which affects the system behaviour 
resulting to an unstable system [30]. Hence a first order time 
delay is introduced with a delay time 

sPWMsd TTTT 5.1=+= to compensate the sampling and 
computational time delays for digital PWM implementation. 
The grid current control loop is as shown in Fig. 6. The 
transfer function of LCL filter in open loop after L 
approximation is as given in Eq. 5. 
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dt
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Fig.  6. Grid side current control loop in dq frame. 

where Ts=1/fsw, R= Rc+Rs, TR=L/R, and KR=Vdc/R. 

The LCL filter transfer function in closed loop is given 
by 

RiiRpiRdR

RiiRpi
iCL KKsKKsTsTT

KKsKK
G

+++

+
= 23,  (6) 

The extended symmetrical optimum method yields the 

PI controller parameters as 
dR

R
pi

TK
TK
2

= and
28 dR

R
ii

TK
TK = . 

The DC link voltage control loop for single-phase grid-
connected VSCs is depicted in Fig. 7. A first order LPF is 
added in series with the PI controller of the voltage control 
loop. The PI controller is tuned by the extended SO method 
in selecting the LF time constant Tf as well as the PI 
controller parameters. The voltage ripples in DC bus are 
mainly due to the grid oscillating power )(~ tps . The LPF 
helps in attenuating the ripple power further down to -40 
dB/decade. A bandwidth of 10 Hz is selected for the DC link 
voltage control loop to reduce the 100 Hz ripple components 
in the DC link voltage, while the high bandwidth of the line 
current loop (GCL,i) is approximated to be with unity gain. 

 
Fig. 7. DC link voltage control loop. 

5. Experimental Results and Discussion 

The 1 kW PEM fuel cell power generation system was 
designed as per the design specifications suitable to the 
Horizon H-1000 fuel cell. The DC link capacitor was 
initially charged to 400V with the help of grid connected 
converter to avoid the inrush current at the starting of fuel 
cell system. The required control signals were generated by 
TMS320F28069 Piccolo microcontroller. The LV bridge of 
DAB was given with leading gate signals whereas HV bridge 
with lagging signals to enable the power export from the 
input LV bridge to the output HV bridge. The phase angle ϕ 
between the gate signals was adjusted to limit the power 
transfer from the fuel cell to the grid. The transients in 
voltage and current of the fuel cell at 650W load is shown in 
Fig. 8 which also depicts the typical phenomenon called 
“charge double layer effect”. 

 
Fig.  8. Fuel cell voltage and current transients at 650W 

The voltage and current waveforms measured in the 
primary and secondary of the transformer are shown in Fig. 9 
at °= 60φ phase shift. The soft switching of the switches in 
the DAB is achieved as per the ZVS boundary conditions [8], 
where the currents in the transformer ip(θ)<0 at the time of 
LV bridge switching and is(θ)>0 at the time of HV bridge 
switching which ensures the ZVS as shown in Fig. 9. As the 
power transfer was increased the input voltage from the fuel 
cell reduced below 38V to increase the power in accordance 
with the fuel cell polarization curve. Hence the dual active 
bridge operated in boost mode where the primary referred 
voltage transfer ratio d >1 as described in Fig. 4 and the 
voltage loop of the inverter regulated the DC bus at 
400V.The measured gird side voltage and current at 650W 
power export with a phase shift of °= 60φ are shown in Fig. 
10.  

 
Fig.  9. DAB voltage and current waveforms with ϕ=60˚ 

 
Figure 10. Grid side voltage and current at 650W power 

with reactive power injection. 
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The grid side current was measured with more ripples 
with THDi of 5% without the injection of q-axis current. 
When the q-axis current was injected the grid side current 
THDi got reduced from 5% to 1.7% for the same 650W 
power transfer [31]. The reduced current ripples at the grid 
side current reduces the ripples at fuel cell system which in 
turn extends their life. The FFT of the fuel cell current at 
650W power export is shown in Fig. 11 which ensures the 
current ripples are less than 1% which is well below the 
standards [4]. Table 2 gives the comparison between the 
proposed system and commercially available products [32-
34]. The maximum efficiency of the proposed DAB and 
inverter system is measured as 85 % and the system was 
stable for entire power transfer range. The efficiency is little 
lower as it’s a two stage conversion as the DC conversion 
ratio is quite high nearly 10.6. 

Table 2. Comparison of proposed system with commercial 
products 

Brand Rated	
power 

Rated	DC	
input	
voltage	
(V) 

Peak	
efficiency	

(%) 

Grid	
current 
THDi 

(%) 

ABB	 1.2	kVA 185	 94.8 < 3:5 

Schneider 2.8	kW 195	-	550	 95.2 < 3 

Leonics 1.5	kW 200	-	420	 94.3 < 4 

Proposed	
System 1 kW 30	-	38	 85 < 2 

 

The measured overall system efficiency and grid side 
THDi for various phase shifts are shown in Fig. 12 and Fig. 
13 respectively. The efficiency and grid current THDi are 
found to be higher at light loads without the injection of iq(t). 
At higher loads the efficiency of the system remains the 
same but the THDi gets reduced to 1.7 % with the injection 
of iq(t). The power exported to the grid and the grid current 
THDi were measured using a leakage clamp meter 
METREL-MD9272. 

In order to increase the inverter efficiency hybrid 
modulation can be employed, but the switching ripple in 
current is equal to 1 x switching frequency, which results 
with higher filtering requirements, whereas the unipolar 
PWM which is used, gives the switching ripple in current as 
2 x switching frequency, which lowered the filtering 
requirements [35]. Moreover in the traditional single phase 
shift modulation technique, only the average power transfer 
is managed and other factors such as circulating reactive 
power, current in transformer are not considered. This results 
in higher converter loss, greater current stress and hence 
reduced performance of the DAB.  However, the dual phase 
shift modulation and triple phase shift modulation techniques 
increase the DAB conversion efficiency by eliminating the 
circulating reactive power and reducing the current stress 
[36-38]. In addition to control techniques, the system 
efficiency can also be increased with the use of SiC power 
devices and nanocrystalline soft magnetic cores, but at the 

cost of higher price. Features such as wider bandgap, high-
breakdown voltage, high-operating temperature, high-
switching frequency and low losses will improve the 
efficiency with SiC devices [39]. Similarly smaller volume, 
lower weight, lesser copper losses, extended temperature 
range, larger safety margins of nanocrystalline soft magnetic 
cores result in highly efficient robust system [40-41]. 

 
Fig.  11. FFT of Fuel cell current at 650W load 

 
Fig.  12. System efficiency for various phase shifts 

 
Fig.  13. Grid current THDi for various phase shifts 

 

The experimental setup of the grid connected 1kW fuel 
cell power generation system is shown in Fig. 14. 
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Fig.  14. Experimental setup 

6. Conclusion 

The experimental results have shown that the dual active 
bridge DC-DC converters are well suited for grid connected 
fuel cell systems, with fuel cell current ripples <1%, which 
enables the safe power transfer with simple phase shift 
modulation technique with galvanic isolation. The high 
frequency switching operation made the system very 
compact with reduced size of passive and magnetic 
components. The inherent soft switching nature of DAB 
reduces the switching losses in the system resulting with 
multistage conversion efficiency of 85% with higher DC 
conversion ratio 1:10.6. The independent, unbalanced 
synchronous reference frame current control on grid side 
current with LCL filter is found to be more effective in ripple 
reduction with THDi as low as 1.7% by reactive power 
injection. The use of LCL filter has significantly reduced the 
ripples at the grid side due to its higher ripple attenuation 
nature. A careful design of LCL filter and symmetrical 
optimum tuned PI controller made the system stable over the 
operating range of the system. At higher loads the efficiency 
of the system remained the same with and without reactive 
power injection but the THDi in the grid side current got 
reduced with reactive power injection. Hence these single 
phase fuel cell power systems can support the grid on 
stability from the stored hydrogen energy in the fast growing 
distributed power generation systems where grid connected 
renewable systems make the grid unstable due to intermittent 
nature of the resources. 
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