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a b s t r a c t

Because of its high efficiency, low pollution and good stability, proton exchange membrane

fuel cell (PEMFC) is considered as one of the most promising technologies for a wide range

of applications, such as distributed power generation, transportation, portable power

source and automobile. In a PEMFC grid-connected system, the proportion integration (PI)

regulator can achieve zero error for the dc components in the rotating frame, but cannot

achieve zero error for the ac components in the rotating frame. Hence, the PEMFC grid-

connected system will produce a large number of harmonics. In order to overcome this

shortcoming, a proportion integration resonant (PIR) controller is utilized to realize zero

magnitude error and selective disturbance rejection. Instead of the PIR controller, a vector

proportion integration (VPI) controller is designed to quickly and accurately regulate cur-

rent which achieve zero both amplitude and phase frequency response at the resonant

frequency simultaneously. In this paper, the PEMFC grid-connected system based on PIR

and VPI controllers are developed according to the operating characteristics of a PEMFC

generation system, then analyze and compare the performance of compensation har-

monics between them. The total harmonic distortion (THD) of grid-connected voltage and

current are measured by means of the criterion of IEEE Std1547-2003. This proposed grid-

connected method will provide a novel approach for the design of advanced PEMFC grid-

connected control system.

Copyright ª 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Future energy production and distribution networks will

certainly benefit from small size (1e100 kW) Distributed Gen-

eration (DG) systems. Fuel Cells (FCs) are static energy con-

version devices which convert directly the chemical energy of

fuel into DG electrical energy. Themain advantages of the FCs

are: high efficiency, low or zero emissions when hydrogen is

used as a fuel, lownoise duringoperationandhighmodularity.

The PEMFC is considered one of the most promising technol-

ogies for application in hybrid vehicles due to its high-power

density, low operating temperature, a certain level of rather

quick startup capability, and long life time [1e4].

Due to the energy crisis, economical recession and envi-

ronmental issues, besides the rapid growth of the load, the

penetration of DGs, especially FC DGs, are increasing rapidly

around the world. Therefore, the PEMFC grid-connected
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system as a hot issue is studied widely by many researches.

Fuel cell current ripple reduction is a key issue for its grid-

connected system [4].The IEEE Std1547-2003 standard allows

a limit of 5% for the current total harmonic distortion (THD). In

the general PEMFC grid-connected system, PI regulator with

grid voltage feed-forward is commonly used for current

controller, but this solution exhibits two well known draw-

backs: inability of the PI controller to track a sinusoidal

reference without steady-state error and poor disturbance

rejection capability [5]. Thus, there is a large number of low-

order harmonics in the PEMFC grid-connected system.

In recent years, resonant controllers have gained signifi-

cant importance in harmonic compensation a due to their

overall good performance. The current control scheme con-

sisting of a PI regulator and a resonant compensator is pre-

sented in Refs. [5,6,8,9]. The PIR controller has good stable

performance of PI regulator and dynamic performance of

resonant controller, the dc components are regulated by the PI

regulator and the ac components are controlled by the reso-

nant regulator [9]. In fact, in order to achieve zero stationary

error of the harmonic currents, the current controller should

achieve zero amplitude and phase frequency response at the

resonant frequency simultaneously. However, the resonant

controller of the PIR is combined by a first-order molecular

and a second-order denominator, it cannot achieve zero

phase frequency response at the resonant frequency. A

Vector-PI (VPI) controller consisting of a PI regulator and a

resonant controller with a second-order molecular is pro-

posed in Refs. [10,11]. The VPI controller can quickly and

accurately regulate current and achieve zero both amplitude

and phase frequency response at the resonant frequency.

Thus the VPI controller has the better performance of

compensation harmonics.

In this paper, a general 50 kW PEMFC grid-connected sys-

tem is developed according to the operating characteristics of

a PEMFC generation system. In order to improve the perfor-

mance of compensating low-order harmonics, the improved

current controllers with PIR controller and VPI controller are

designed. The two improved current controllers are used in

the PEMFC grid-connected respectively. At last, according to

analysis and compare the simulation results using different

current controllers, their performances of harmonic

compensation can be verified.

2. PEMFC grid-connected system

2.1. PEMFC description and modeling

In this paper, the 50 kW PEMFC model is built with the Fuel

Cell Stack provided by Matlab/Simulink. The PEMFC equiva-

lent circuit model is shown in Fig. 1, and its function can be

discretized as follows:

The stack output voltage can be described as:

Vfc ¼ Eoc � Vohmic � vd (1)

where Vfc is the stack output voltage, Eoc is the open circuit

voltage, Vohmic is the ohmic overvoltage, and vd is the total

polarization overvoltage.

Consideration of the effect of temperature and gas pres-

sure open circuit potential of PEMFC is expressed as

Eoc ¼ Kc
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where, Kc rated voltage constant, T is the working tempera-

ture, F is Faraday constant, R is the gas constant, PH2
and PO2

are the gas pressures, E0 is the electromotive forces under

standard pressure, z is transfer electron number.

The Ohmic overvoltage can be expressed as

Vohmic ¼ ifcRohmic (3)

where, Rohmic is inner resistance of a stack, ifc is the cell output

current.

The total polarization overvoltage vd can be represented as:

vd ¼ N�A� ln
�
ifc=i0

�
(4)

where, N is the number of cells.

The Tafel slope A and the exchange current i0 in equation

(4) can be expressed as follows

i0 ¼
zFk

�
PH2

þ PO2

�
Rh

e
�DG
RT (5)

A ¼ RT
zaF

(6)

where, k is Boltzmann’s constant, h is Planck’s constant.

2.2. PEMFC grid-connected system structure

Due to the output characteristic of PEMFC stack is “soft”, its

output dc voltage is obviously fluctuant while the load

changes. Thus, PEMFC requires a longer response time to

reach a stable output state while load changes. In order to

overcome this shortcoming, a two-stage grid-connected

structure is designed in this paper. Fuel cell is to provide the

power with low voltage and high current to the dcedc con-

verter; then the dcedc converter is to boost low voltage to

proper dc link voltage, and provides stable dc voltage to the

dc/ac inverter; at last, the dc/ac inverter and LC-filter convert

Fig. 1 e PEMFC equivalent circuit mode.
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