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Abstract – This research project deals with the development of 

an adjustable converter for injection of fuel cell power. A 

DC/DC converter stage increasing the voltage level is connected 

to a DC/AC inverter for grid current injection via a high 

capacitance DC link. This decouples the momentary power 

drawn from the energy source from the momentary power 

being injected into the grid, allowing arbitrary output current 

waveforms without an increase of input current ripple. 

Conventionally, pure fundamental frequency currents are 

considered the optimum waveform regarding the injected 

currents impact on the grid. This paper demonstrates how grid 

voltage harmonics caused by nonlinear loads can be minimized 

by adapting the converters injected current shape. In contrast 

to harmonics compensation in industrial applications where the 

compensation current is determined by measuring the local 

loads current harmonics, the intended decentral application in 

private houses suggests a different approach to improve overall 

grid voltage quality. 

The digital signal processor used for the converters control and 

monitoring functions calculates the frequency spectrum of the 

measured grid voltage run by digital fourier transformation 

(DFT) and determines the current harmonics necessary to 

counteract the present voltage harmonics. The resulting current 

frequency spectrum is modulated into a time dependant current 

shape that is added to the fundamental frequency current run 

determined by the requested amounts of active and reactive 

power. 

This way, harmonic currents of the local loads are compensated 

without changes in the house installation for measuring the 

loads currents. Also current harmonics of neighbouring houses 

are compensated. 
 

I. INTRODUCTION 

 

Carrier frequency based current control schemes used in 

converters for power injection into the public grid allow the 

injection of arbitrary current waveforms within the output 

filters bandwith. Although their widespread use, the injection 

of a purely sinusoidal current of the grids fundamental 

frequency (Fig. 1) is generally considered the optimum 

approach regarding the impact on the net voltage. 

Fig. 1. Injection of fundamental frequency sinusoidal current 

The injection of a sinusoidal current waveform of the grids 

fundamental frequency reinforces the grids voltage 

waveform component of this frequency without any impact 

on waveform components of other frequencies. 

With the increasing number of non linear loads – e.g. 

switched power supplies – the net voltage waveform is 

distorted by the higher frequency current components of 

these loads. As an example, figure 2 contains the time and 

frequency domain representation of the current drawn from 

the net by a desktop computer and monitor. The images show 

a current pulse during the voltage peak typical for single 

phase input rectifiers of the devices switched mode power 

supplies. 

Fig. 2. Nonlinear load waveform and frequency spectrum example 

 

While the conduction of these harmonic currents through the 

grid puts additional stress on the grid installations, the 

resulting voltage distortions degrades the performance of 

other grid connected loads relying on a clean voltage shape. 

These effects are mitigated if the harmonic currents are 

compensated in a close distance to their sources. With a large 

number of converters for decentral power injection 

distributed over the grid, these devices can offer a sink for 

the harmonic currents by adapting the shape of their injected 

currents. 
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II. CONCEPT AND FUNCTIONAL DESCRIPTION 

 

Figure 3 shows the schematic of a fuel cell converter for 

decentral power injection and linear/nonlinear loads 

connected to the public grid. The conventional approach for 

harmonics compensation in industrial applications is to 

measure Isum or Iloads and adapt Iinj so that the harmonic 

components of Isum=0 or Iinj=Iloads. For the private house 

application, this has several drawbacks: 

 

1. The sum or load current has to be measured, 

requiring changes in the house installation 

 

2. Net voltage harmonic components already present 

because of harmonic currents drawn by the loads of 

neigbouring houses are not detected and thus not 

compensated. 

 

By measuring the grid voltage at the point of current 

injection UNet, determining its harmonic components by 

discrete fourier transformation (DFT) and adapting the 

harmonic components of the injected current Iinj so that the 

harmonics of UNet=0, the voltage shape is improved. With an 

equal distribution over the phases, the voltage shape 

improvement can be archieved even with single phase 

converters as the converter connected to one phase 

compensates the harmonic currents caused by the nonlinear 

loads of the neighbouring houses where the converters are 

connected to the other phases. 

Fig. 3. Simplified schematic of current sources/sinks 

 

If the converter is controlled by a central electric utility as a 

part of a virtual power plant, the voltage spectrum is 

transmitted to the centralised control, where the 

compensation currents are determined and sent back to the 

converter, where the compensation current waveform is 

added to the setpoint of the current control loop. Without a 

centralised control instance, the converter itself determines 

the necessary current values, e.g. by taking into account the 

local grid impedance. 

The simple control strategy used for this demonstration is 

shown in figure 4: The harmonic current Iharm of a nonlinear 

load causes a voltage drop Uharm along the grid impedance Z. 

To simplify the calculations, the converter determines Uharm 

in carthesic coordinates and increases the compensating 

currents Icomp in carthesic components until the components 

of Uharm reach zero value. This means that Icomp will become 

identical to Iharm (with an opposite phase angle) without 

measuring Iharm. 

Fig. 4. Control strategy for determining the compensation currents 
 

 

III. MEASUREMENTS 

 

The following measurements of grid voltage and injected 

current
1
 demonstrate the effect of the harmonic compensation 

on the voltage shape. First, the voltage shape is measured 

without harmonics compensation – the converter injects a 

fundamental frequency only active current (a small amount 

of current shape distortion is caused by the current loop 

during the polarity change). Without harmonics 

compensation, the grid voltage shows the typical flattened 

peak shape. The second measurement is recorded with 

harmonics compensation: The current contains a large 

amount of harmonics counteracting the voltage harmonics. 

Fig. 5. Voltage and current shape without (top) and with harmonics 

compensation 
 

Although the change in the voltage harmonic content is only 

slightly visible in the time base diagram (Fig. 5), the 

frequency spectrum (Fig. 6) clearly indicates a decrease of 

the voltage harmonics. 

                                                           
1
 iDFT(Iinj) is inverse fourier transformation of 50-500Hz 

current components to eleminate switching noise 

2 m s /D IV

U n e t  [1 0 0 V /D IV ] Iin j  [1 A /D IV ] iD F T ( Iin j )  [1 A /D IV ]

2 m s /D IV

U n e t  [1 0 0 V /D IV ] Iin j  [1 A /D IV ] iD F T ( Iin j )  [1 A /D IV ]

2536



 

Fig. 6. Current and voltage spectrum comparison 
 

Because of the low impedance of the grid, a complete 

harmonic compensation is not possible with the limited 

current of only one converter as indicated in the frequency 

diagram by the harmonic compensating currents reaching 

their defined maximum amplitudes. Thus in a third 

measurement the grid impedance is increased by a resistive 

coupling of the converter to the grid. 

In this case, a voltage shape that shows no visible 

deviation from the ideal sinusoidal waveform (Fig. 7) can be 

archieved by compensation currents within the defined limit. 

Because of the limited measuring and calculating resolution 

of the converters signal processor and the distortions caused 

by the current loop control (current peaks during voltage zero 

crossing) a small amount of voltage harmonics is still 

present, visible only in the frequency spectrum (Fig. 6). 

 

 

IV. CONCLUSION 

 

The widespread use of non linear loads such as switched 

mode power supplies distorts the grids voltage shape. As 

demonstrated in this paper, this can be compensated by an 

adaption of the current shape injected into the public grid by 

converters that are used for decentral power generation. 

 

 

 

 

Fig. 7. Voltage and current shape with harmonics compensation and 

increased grid impedance 
 

 

The digital signal processing of the converter analyzes the 

grid voltage harmonics to determine the required current 

harmonics that are added to the fundamental frequency 

current run. Implied by measurements with an increased grid 

impedance to increase the effect on the grids voltage with the 

limited current of a single converter, a widespread use of 

converters employing this technique would allow an almost 

ideally sinusoidal voltage waveform to be archieved. 
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